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COMPOSITIONS AND METHODS FOR 
ENZYMATIC DECOLORIZATION OF 

CHLOROPHYLL 

TECHNICAL FIELD 

0001. This invention relates to the fields of industrial 
processing of foods, feeds or vegetable oils, plant and 
animal products, and enzymology. In particular, the inven 
tion provides compositions and methods for the enzymatic 
treatment (“bleaching” or "de-colorizing”) of chlorophyll 
containing or chlorophyll-contaminated compositions, e.g., 
algal, animal or plant preparations, foods, feeds or oils, for 
example, vegetable oils, including oils processed from oil 
seeds, such as canola (rapeseed) oil or soybean oil, or oil 
fruits, such as palm oil. In one aspect, the invention provides 
methods using enzymes from chlorophyll catabolism (e.g., a 
chlorophylase) for the enzymatic modification of a chloro 
phyll, e.g., in an algal, animal or plant preparation, or a food, 
a feed or an oil. 

BACKGROUND 

0002 Vegetable oils coming from oilseeds such as canola 
or soybean or oilfruits such as palm contain chlorophyll. 
Chlorophyll is removed during many stages of the oil 
production process, including seed crushing, oil extraction, 
degumming, caustic treatment and bleaching steps. In the 
last of these, the bleaching process residual chlorophyll is 
removed to achieve acceptable levels. This chlorophyll is 
typically removed from the oil in a bleaching process step 
involving heating the oil and running it through an adsorbent 
to remove chlorophyll and other color-bearing compounds 
that impact the appearance and/or stability of the finished 
oil. This technology is also used to treat other chlorophyll 
containing oils or plant or algal preparations, such as poly 
unsaturated fatty acid (PUFA) (e.g., eicosapentaenoic acid 
(EPA) and docosahexaenoic acid (DHA)) containing oils. 
0003 High level of chlorophyll pigments impart unde 
sirable color and induce oxidation of oil during storage 
leading to a deterioration of the oil. In the edible oil 
processing industry, a bleaching step is employed to lower 
chlorophyll levels to as low as 0.1 ppm to guarantee oil 
quality in terms of color and organolepticity. Typical desired 
finished chlorophyll levels are between 0.02 to 0.05 ppm. 
This bleaching step increases processing cost and reduces oil 
yield due to entrainment in the bleaching clay. 
0004. In plants, chlorophyllase (chlase) is the first 
enzyme involved in chlorophyll degradation; it catalyzes the 
hydrolysis of an ester bond in chlorophyll to yield chloro 
phyllide and phytol. 

SUMMARY 

0005. The invention provides compositions and methods 
for enzymatic treatment (“bleaching” or “de-colorizing”) of 
chlorophyll-containing or chlorophyll-contaminated compo 
sitions such as plant, animals (e.g., fish, meat preparations) 
or algal preparations, foods, feeds or oils, such as polyun 
saturated fatty acid (PUFA)-containing or docosahexaenoic 
acid (DHA)-containing oils, or compositions comprising 
mixtures thereof. In one aspect, the “enzymatic bleaching 
of the compositions and methods of the invention comprises 
use of a chlorophyll modifying enzyme, e.g., a polypeptide 
having chlorophyllase activity, including chlases and chlo 
rophyll chlorophyllido-hydrolyases, and related polypep 
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tides, or any chlorophyll catabolic enzyme. Thus, as used 
herein, the term “enzymatic bleaching includes any modi 
fication of a chlorophyll molecule or equivalent, including 
partial or complete decolorization. In one aspect, the com 
positions and methods of the invention can reduce yield loss 
from entrainment and fat splitting attributed to catalysis by 
clay/bleach conditions. 
0006. In alternative aspects of the methods and processes 
of the invention, a chlorophylase, which can be a novel 
chlorophyllase of the invention, or a known enzyme, includ 
ing chlases and chlorophyll chlorophyllido-hydrolyases and 
related polypeptides, or a combination thereof, or any chlo 
rophyll catabolic enzyme, is added anytime or anywhere in 
the method or process, e.g., as discussed herein. For 
example, in one aspect, the chlorophyllase (which can be a 
novel chlorophyllase of the invention, or a known enzyme, 
or a combination thereof) and/or any chlorophyll catabolic 
enzyme can be added into a composition, Such as a crude oil, 
with or without another enzyme, e.g., a phospholipase (e.g., 
phospholipase C) at a mixing step or in a degumming step, 
in a caustic tank step, in a static mixer, in a day tank or in 
a retention mixer. Alternatively, in one aspect of a method or 
process of the invention the chlorophyllase (of the invention, 
or known) and/or any chlorophyll catabolic enzyme can be 
added into any combination of these steps, or in all of these 
steps. 
0007. In one aspect, the invention provides methods or 
processes for enzymatic modification of chlorophyll to 
facilitate its removal from a composition, e.g., through an 
aqueous separation process, as illustrated in page 1, Appen 
dix A, or hydrophobic separation process, or affinity sepa 
ration process, and the like. 
0008. In one aspect the invention provides methods and 
processes comprising enzymatic modification (e.g., catabo 
lism) of chlorophyll, or equivalent compounds, in a com 
position (e.g., a food, feed, plant, animal, algae, etc.) further 
comprising removal of components of that composition 
(e.g., compounds not desirable in a finished product). Such 
as residual chlorophyll (e.g., chlorophyll or equivalent com 
pounds not modified by a chlorophyllase), a pesticide, a 
polycyclic aromatic hydrocarbon, etc. Undesirable compo 
nents, e.g., residual chlorophyll, pesticides, polycyclic aro 
matic hydrocarbons and the like, can be removed with either 
significantly smaller amounts of bleaching clay or other 
adsorbent, such as silica or equivalent compounds. 
0009. In one aspect, these components of the composition 
are removed using a bleaching clay, e.g., in a plurality of 
steps using bleaching clay, where in one aspect components 
of the composition are removed with either significantly 
Smaller amounts of bleaching clay and/or at least one other 
adsorbent (e.g., a silica). In one aspect, finished chlorophyll 
levels are between about 0.02 ppm to 0.05 ppm. In this 
exemplary process, the bleaching step can increase process 
ing costs and reduce oil yields due to entrainment in the 
bleaching clay. The compositions and processes of the 
invention can reduce yield loss from entrainment and fat 
splitting attributed to catalysis by clay/bleach conditions. 
0010. In an exemplary illustrated method (reaction) of the 
invention, a chlorophyllase catalyzes the hydrolysis of chlo 
rophyll to generate chlorophyllide, which in one aspect is 
aqueous extracted, and phytol, which remains in the oil 
phase. In another exemplary method, pheophorbide can be 
removed in manner similar to chlorophyllide. In one aspect, 
by practicing the compositions and methods of the inven 
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tion, an aqueous separation process can partially or com 
pletely eliminate the need for adsorbants. However, in 
another aspect, the methods comprise partial or complete 
extraction of the aqueous soluble chlorophyllide or 
pheophorbide using a silica-based extraction process (e.g., 
adsorbent-free or reduced adsorbent silica refining). In one 
aspect, the chlorophyllase is immobilized onto a silica 
(which then adsorbs the chlorophyllide), e.g., a silica gel. In 
one aspect, the silica comprises a TriSyl Silica or a SORB 
SIL RTM Silica. 

0011. The invention provides methods, including indus 
trial processes, for enzymatic treatment of pheophytin-con 
taining or pheophytin-contaminated compositions compris 
ing the following steps: (a) providing a pheophytin 
containing or pheophytin-contaminated composition; (b) 
providing a polypeptide having a chlorophyllase or pheo 
phytinase activity (which can be a novel chlorophylase of 
the invention, or a known enzyme, or a combination 
thereof); and (c) reacting the composition of step (a) with the 
polypeptide of step (b) under conditions wherein the 
polypeptide can catalyze a pheophytin-modifying reaction. 
The magnesium-less derivative of chlorophyll is called 
pheophytin. Pheophytin is colored and often present in oil, 
especially if acid treatment has been used. In some appli 
cations, it is desirable to remove the pheophytin. The prod 
uct of chlorophyllase treatment of pheophytin is pheophor 
bide, which can be removed in a similar manner to 
chlorophyllide. 
0012. In one aspect, the compositions and methods of the 
invention are practiced as or with industrial processes, e.g., 
oil bleaching or caustic neutralization or degumming pro 
cesses. In one aspect, use of the compositions and methods 
of the invention facilitate reducing the amount of or elimi 
nating the need for adsorbants in current bleaching process 
ing, which typically involve heating the oil or other chlo 
rophyll-containing composition and running it through an 
adsorbent to remove chlorophyll and other color-bearing 
compounds that impact the appearance and/or stability of the 
finished oil. Thus, in practicing this aspect of the invention, 
by partially or completely eliminate the need for adsorbants, 
processing costs can be decreased, e.g., adsorbents (e.g., 
clay) costs, disposal costs, water costs, energy costs, steam 
costs can be decreased. Other benefits in practicing various 
aspects of the invention include yield improvements, e.g., 
reduced entrained oils in adsorbent Substrates, increased end 
product value, including retention of valuable micronutri 
ents such as beta carotene, process efficiencies, including 
reduced processing steps, capital savings and an environ 
mental benefit, e.g., reducing or eliminating land-filling of 
bleaching adsorbents. 
0013 In one aspect, in practicing the compositions and 
methods of the invention, the chlorophyll-modifying 
polypeptides (which can be a novel chlorophyllase of the 
invention, or a known enzyme, or a combination thereof) 
can be employed at any point in a degumming (e.g., enzy 
matic degumming) process. For example, the chlorophyll 
modifying polypeptides can be added before or after any 
step in a process, or before or after any combination of steps, 
or before or after all of the steps, in a process, e.g., prior to, 
during or following mechanical and/or chemical extraction, 
and/or degumming and/or caustic neutralization and/or 
bleaching and the like. 
0014. In alternative aspects of any of the methods of the 
invention, at least one step is performed in a reaction vessel, 
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e.g., an oil degumming apparatus. In alternative aspects of 
any of the methods of the invention, at least one step is 
performed in a cell extract. In alternative aspects of any of 
the methods of the invention, at least one step is performed 
in a whole cell. The cell can be of any source, e.g., a plant 
cell, a bacterial cell, a fungal cell, an animal cell (e.g., a 
mammalian cell, a fish cell) or a yeast cell. 
0015 The invention provides methods for enzymatic 
treatment of chlorophyll-containing or chlorophyll-contami 
nated compositions comprising the following steps: (a) 
providing a chlorophyll-containing or chlorophyll-contami 
nated composition (which can be a novel chlorophyllase of 
the invention, or a known enzyme, or a combination 
thereof); (b) providing a polypeptide having a chlorophyl 
lase activity; and (c) reacting the composition of step (a) 
with the polypeptide of step (b) under conditions wherein 
the polypeptide can catalyze a chlorophyll-modifying reac 
tion. 
0016. The invention provides industrial processes for 
enzymatic treatment (“bleaching”) of chlorophyll-contain 
ing or chlorophyll-contaminated compositions comprising 
the following steps: (a) providing a chlorophyll-containing 
or chlorophyll-contaminated composition (which can be a 
novel chlorophyllase of the invention, or a known enzyme, 
or a combination thereof); (b) providing a polypeptide 
having chlorophyllase activity; and (c) reacting the compo 
sition of step (a) with the polypeptide of step (b) under 
conditions wherein the polypeptide can catalyze a chloro 
phyll-modifying reaction. 
0017. The invention provides degumming processes 
comprising a step for enzymatic bleaching of chlorophyll 
containing or chlorophyll-contaminated compositions com 
prising the following steps: (a) providing a chlorophyll 
containing or chlorophyll-contaminated composition (which 
can be a novel chlorophyllase of the invention, or a known 
enzyme, or a combination thereof); (b) providing a polypep 
tide having chlorophyllase activity; and (c) reacting the 
composition of step (a) with the polypeptide of step (b) 
under conditions wherein the polypeptide can catalyze a 
chlorophyll-modifying reaction. 
0018. There is a second ester on chlorophylls and pheo 
phytins—a methyl ester. The methods of the invention can 
further comprise hydrolysis of this methyl ester by an 
esterase. This can increase the tendency of the reaction 
derivative (now a diacid) to partition into an aqueous layer. 
0019. In an exemplary method, a phospholipase, e.g., a 
phospholipase C, or another hydrolase (e.g., a cellulase, a 
hemicellulase, an esterase, a protease and/or a phosphatase) 
is used, e.g., to improve oil extraction and oil degumming. 
0020. In alternative aspects, the methods and processes of 
the invention can further comprise hydrolysis of methyl 
ester on a chlorophyll or a pheophytin by an esterase (which 
can be a novel enzyme of the invention, or a known enzyme, 
or a combination thereof). In alternative aspects, the meth 
ods of the invention can further comprise removal of the 
modified chlorophyll in an aqueous extraction. The methods 
can further comprise modifying pH (e.g., increasing pH) to 
promote aqueous separation of chlorophyllide. The enzymes 
used in the methods, e.g., a chlorophyllase, can be added 
during this increased pH, or “caustic' phase in the separation 
process. The methods can further comprise a caustic neu 
tralization step. The methods can further comprise an adsor 
bent-free or reduced adsorbent silica refining step to remove 
a chlorophilide generated by the enzymatic degradation of 
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the chlorophyll. The methods can further comprise use of a 
hydrolase, e.g., a phospholipase C. 
0021. In one aspect of the methods and processes, the 
polypeptide is an esterase (e.g., an enzyme of the invention), 
e.g., a chlorophyllase, or has chlorophyllase-like activity, or 
has chlorophyll catabolic activity. In one aspect of the 
methods, the polypeptide is immobilized. The polypeptide 
can be immobilized on an inorganic Support or organic 
Support. The inorganic Support can comprise alumina, celite, 
DoweX-1-chloride, glass beads or silica gel or equivalent. 
The polypeptide can be immobilized on an alginate hydrogel 
or alginate bead or equivalent. In one aspect of the methods, 
the polypeptide further comprises a liposome, a hydrogel or 
a gel. 
0022. In one aspect of the methods, the polypeptide is at 
least one step is performed in a reaction vessel, e.g., a vessel 
comprising a gravitational gum separation device or a hold 
ing tank or the like. In one aspect of the methods, at least one 
step is performed in a cell extract, or a whole cell. The cell 
can be a plant cell, a bacterial cell, a fungal cell, a yeast cell, 
a mammalian cell, an insect cell and the like. 
0023. In one aspect of the methods, the chlorophyll 
containing or chlorophyll-contaminated composition com 
prises a plant material, plant oil or plant extract. The plant 
material, plant oil or plant extract can comprise a vegetable 
oil or a seed oil. The vegetable oil can comprise a palm oil 
or a canola oil. Alternatively, the plant material, plant oil or 
plant extract can comprise an algal preparation. In one 
aspect of the methods, the chlorophyll-containing or chlo 
rophyll-contaminated compositions comprise a non-wood or 
wood product. In one aspect of the methods, the chlorophyll 
containing or chlorophyll-contaminated compositions com 
prise a fabric or cloth. In one aspect of the methods, the 
chlorophyll-containing or chlorophyll-contaminated compo 
sitions comprise a pharmaceutical formulation, a food, an 
oil, a feed, or a dietary Supplement. 
0024. The compositions and methods of the invention 
can be used to treat crude or refined oils, e.g., oils derived 
from plant (e.g., vegetable), algae, animal or fish, or Syn 
thetic, Sources. The compositions and methods of the inven 
tion can be used to treat crude or refined oils at higher oil 
concentrations, or, in one aspect, used to treat unrefined and 
non-diluted crude oils. 
0025. In one aspect the methods further comprise 
removal of a chlorophilide generated by enzymatic degra 
dation of a chlorophyll by adsorbing onto a silica gel or 
equivalent. The chlorophyll-containing or chlorophyll-con 
taminated compositions can comprise a textile, cloth, thread 
or fabric or related composition, a wood or paper product or 
by-product, Such as a wood pulp, a paper pulp, a Kraft pulp. 
or, a non-wood paper product or by-product, Such as a rice 
paper. 
0026. The invention provides products of manufacture 
comprising a degumming system for the enzymatic treat 
ment of chlorophyll-containing or chlorophyll-contaminated 
compositions comprising: (a) a vegetable oil refining appa 
ratus; and (b) a polypeptide having chlorophyllase activity 
(e.g., an enzyme of the invention), wherein the activity of the 
polypeptide comprises catalysis of a chlorophyll-modifying 
reaction, and the vegetable oil refining apparatus can react a 
chlorophyll-containing or chlorophyll-contaminated compo 
sition with the polypeptide to under conditions wherein the 
polypeptide can catalyze a chlorophyll-modifying reaction. 
In one aspect of the product of manufacture, the vegetable 
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oil refining apparatus comprises an oil leaving expellor, a 
holding tank or a gravitational gum separation device. The 
chlorophyll-modifying reactions can comprise generation of 
chlorophyllide and phytol. 
0027. The invention provides detergents comprising an 
enzymatic treatment of chlorophyll-containing or chloro 
phyll-contaminated fabrics comprising: (a) a detergent com 
position; and (b) a polypeptide having chlorophyllase activ 
ity (e.g., an enzyme of the invention), wherein the activity 
comprises catalysis of a chlorophyll-modifying reaction. In 
one aspect, the chlorophyll-modifying reaction comprises 
generation of chlorophyllide and phytol. 
0028. The invention provides methods for enzymatically 
treating a chlorophyll-containing or chlorophyll-contami 
nated fabrics comprising: (a) providing a detergent compo 
sition comprising a polypeptide having chlorophyllase activ 
ity (e.g., an enzyme of the invention), wherein the activity 
comprises catalysis of a chlorophyll-modifying reaction; 
and, (b) contacting the detergent composition with the 
chlorophyll-containing or chlorophyll-contaminated fabric 
under conditions wherein the polypeptide can catalyze a 
chlorophyll-modifying reaction. In one aspect, the chloro 
phyll-modifying reaction comprises generation of chloro 
phyllide and phytol. 
0029. The invention provides isolated, synthetic or 
recombinant nucleic acids comprising a nucleic acid 
sequence having at least about 50%, 51%, 52%. 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, or more, or complete (100%) 
sequence identity to an exemplary nucleic acid of the 
invention, e.g., SEQID NO:1, SEQID NO:3, SEQID NO:5, 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID 
NO:13, SEQ ID NO:15, SEQ ID NO:17 or SEQID NO:19, 
over a region of at least about 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 
550, 600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 
1100, 1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 
1550, 1600, 1650, 1700, 1750, 1800, 1850, 1900, 1950, 
2000, 2050, 2100, 2200, 2250, 2300, 2350, 2400, 2450, 
2500, or more residues, sequences substantially identical 
thereto, and the sequences complementary thereto, and 
encodes at least one polypeptide having an enzymatic activ 
ity as described herein, e.g., an esterase enzyme activity. 
0030. In alternative aspects, the sequence identities are 
determined by analysis with a sequence comparison algo 
rithm or by a visual inspection. In one aspect, the sequence 
comparison algorithm is a BLAST algorithm, e.g., a BLAST 
version 2.2.2 algorithm where a filtering setting is set to 
blastall-p blastp-d “nr pataa’-F F, and all other options are 
set to default. 
0031 Exemplary nucleic acids of the invention also 
include isolated, synthetic or recombinant nucleic acids 
encoding a polypeptide of the invention, e.g., a polypeptide 
having a sequence as set forth in SEQ ID NO:2, SEQ ID 
NO:4, SEQID NO:6, SEQ ID NO:8, SEQID NO:10, SEQ 
ID NO:12, SEQID NO:14, SEQID NO:16, SEQID NO:18 
or SEQ ID NO:20, and subsequences thereof and variants 
thereof. 
0032. In alternative aspects, the polypeptide has an 
esterase enzyme activity, including chlorophyllase (a chlase) 
activity, or, enzyme activity comprising enzymatic modifi 
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cation of a chlorophyll molecule, e.g., wherein the enzy 
matic modification comprises catabolism of the chlorophyll 
molecule. In one aspect, the esterase activity comprises a 
chlorophyll chlorophyllido-hydrolyase activity. 
0033. In one aspect, the isolated, synthetic or recombi 
nant nucleic acid of the invention encodes a polypeptide 
having an enzyme activity that is thermostable. The 
polypeptide can retain enzyme activity under conditions 
comprising a temperature range of between about 37° C. to 
about 95°C.; between about 55° C. to about 85°C., between 
about 70° C. to about 95°C., or, between about 90° C. to 
about 95° C. 

0034. In another aspect, an isolated, synthetic or recom 
binant nucleic acid of the invention encodes a polypeptide 
having enzyme that is thermotolerant. The polypeptide can 
retain enzyme activity after exposure to a temperature in the 
range from greater than 37° C. to about 95°C. or anywhere 
in the range from greater than 55° C. to about 85°C. The 
polypeptide can retain enzyme activity after exposure to a 
temperature in the range between about 1°C. to about 5°C., 
between about 5° C. to about 15° C., between about 15° C. 
to about 25° C., between about 25° C. to about 37° C., 
between about 37° C. to about 95°C., between about 55° C. 
to about 85°C., between about 70° C. to about 75° C., or 
between about 90° C. to about 95°C., or more. In one aspect, 
the polypeptide retains enzyme activity after exposure to a 
temperature in the range from greater than 90° C. to about 
95° C. at pH 4.5. 
0035. The invention provides isolated, synthetic or 
recombinant nucleic acids comprising a sequence that 
hybridizes under Stringent conditions to a nucleic acid 
comprising a sequence of the invention, e.g., a sequence as 
set forth in SEQ ID NO:1, SEQ ID NO:3, SEQ ID NO:5, 
SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ ID 
NO:13, SEQ ID NO:15, SEQ ID NO:17 or SEQID NO:19, 
or fragments or Subsequences thereof (or complements 
thereof). In one aspect, the nucleic acid of the invention 
encodes a polypeptide having an esterase enzyme activity, 
including chlorophyllase (a chlase) activity, or, enzyme 
activity comprising enzymatic modification of a chlorophyll 
molecule, e.g., wherein the enzymatic modification com 
prises catabolism of the chlorophyll molecule. In one aspect, 
the esterase activity comprises a chlorophyll chlorophyllido 
hydrolyase activity. The nucleic acid can be at least about 
10, 15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 
300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800, 850, 
900, 950, 1000, 1050, 1100, 1150, 1200 or more residues in 
length or the full length of the gene or transcript. In one 
aspect, the stringent conditions include a wash step com 
prising a wash in 0.2xSSC at a temperature of about 65° C. 
for about 15 minutes. 

0036. The invention provides a nucleic acid probe for 
identifying a nucleic acid encoding a polypeptide having an 
enzyme activity as described herein (e.g., esterase enzyme 
activity, including chlorophylase (a chlase) activity), 
wherein the probe comprises at least about 10, 15, 20, 25.30, 
35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85,90, 95, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 
800, 850, 900, 950, 1000 or more, consecutive bases of a 
sequence comprising a sequence of the invention, or frag 
ments or subsequences thereof, wherein the probe identifies 
the nucleic acid by binding or hybridization. The probe can 
comprise an oligonucleotide comprising at least about 10 to 
50, about 20 to 60, about 30 to 70, about 40 to 80, or about 
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60 to 100 consecutive bases of a sequence comprising a 
sequence of the invention, or fragments or Subsequences 
thereof. 

0037. The invention provides a nucleic acid probe for 
identifying a nucleic acid encoding a polypeptide having at 
least one enzyme activity as described herein (e.g., esterase 
enzyme activity, including chlorophyllase (a chlase) activ 
ity), wherein the probe comprises a nucleic acid comprising 
a sequence at least about 10, 15, 20, 30, 40, 50, 60, 70, 80, 
90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000 or more residues 
having at least about 50%, 51%, 52%, 53%, 54%, 55%, 
56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 65%, 
66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 75%, 
76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 
96%, 97%, 98%, 99%, or more, or complete (100%) 
sequence identity to a nucleic acid of the invention, wherein 
the sequence identities are determined by analysis with a 
sequence comparison algorithm or by visual inspection. 
0038. The probe can comprise an oligonucleotide com 
prising at least about 10 to 50, about 20 to 60, about 30 to 
70, about 40 to 80, or about 60 to 100 consecutive bases of 
a nucleic acid sequence of the invention, or a Subsequence 
thereof. 

0039. The invention provides an amplification primer 
pair for amplifying a nucleic acid encoding a polypeptide 
having at least one enzyme activity as described herein (e.g., 
esterase enzyme activity, including chlorophyllase (a chlase) 
activity), wherein the primer pair is capable of amplifying a 
nucleic acid comprising a sequence of the invention, or 
fragments or Subsequences thereof. One or each member of 
the amplification primer sequence pair can comprise an 
oligonucleotide comprising at least about 10 to 50 consecu 
tive bases of the sequence, or about 10, 11, 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or 
more consecutive bases of the sequence. 
0040. The invention provides amplification primer pairs, 
wherein the primer pair comprises a first member having a 
sequence as set forth by about the first (the 5') 12, 13, 14, 15, 
16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 or 
more residues of a nucleic acid of the invention, and a 
second member having a sequence as set forth by about the 
first (the 5') 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
25, 26, 27, 28, 29, or more residues of the complementary 
strand of the first member. 

0041. The invention provides nucleic acids encoding 
proteins (e.g., enzymes), including the polypeptides of the 
invention, generated by amplification, e.g., polymerase 
chain reaction (PCR), using an amplification primer pair of 
the invention. The invention provides nucleic acids encod 
ing polypeptides having at least one enzyme activity as 
described herein (e.g., esterase enzyme activity, including 
chlorophyllase (a chlase) activity) using an amplification 
primer pair of the invention. The invention provides meth 
ods of making and/or identifying enzymes by amplification, 
e.g., polymerase chain reaction (PCR), using an amplifica 
tion primer pair of the invention. In one aspect, the ampli 
fication primer pair amplifies a nucleic acid from a library, 
e.g., a gene library, such as an environmental library. 
0042. The invention provides methods of amplifying a 
nucleic acid encoding a polypeptide having enzyme activity 
comprising amplification of a template nucleic acid with an 
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amplification primer sequence pair capable of amplifying a 
nucleic acid sequence of the invention, or fragments or 
Subsequences thereof. 
0043. The invention provides expression cassettes com 
prising a nucleic acid of the invention or a Subsequence 
thereof. In one aspect, the expression cassette can comprise 
the nucleic acid that is operably linked to a promoter. The 
promoter can be a viral, bacterial, mammalian or plant 
promoter. In one aspect, the plant promoter can be a potato, 
rice, corn, wheat, tobacco or barley promoter. The promoter 
can be a constitutive promoter. The constitutive promoter 
can comprise CaMV35S. In another aspect, the promoter 
can be an inducible promoter. In one aspect, the promoter 
can be a tissue-specific promoter or an environmentally 
regulated or a developmentally regulated promoter. Thus, 
the promoter can be, e.g., a seed-specific, a leaf-specific, a 
root-specific, a stem-specific or an abscission-induced pro 
moter. In one aspect, the expression cassette can further 
comprise a plant or plant virus expression vector. 
0044) The invention provides cloning vehicles compris 
ing an expression cassette (e.g., a vector) of the invention or 
a nucleic acid of the invention. The cloning vehicle can be 
a viral vector, a plasmid, a phage, a phagemid, a cosmid, a 
foSmid, a bacteriophage or an artificial chromosome. The 
viral vector can comprise an adenovirus vector, a retroviral 
vector or an adeno-associated viral vector. The cloning 
vehicle can comprise a bacterial artificial chromosome 
(BAC), a plasmid, a bacteriophage P1-derived vector (PAC), 
a yeast artificial chromosome (YAC), or a mammalian 
artificial chromosome (MAC). 
0045. The invention provides transformed cell compris 
ing a nucleic acid of the invention or an expression cassette 
(e.g., a vector) of the invention, or a cloning vehicle of the 
invention. In one aspect, the transformed cell can be a 
bacterial cell, a mammalian cell, a fungal cell, a yeast cell, 
an insect cell or a plant cell. In one aspect, the plant cell can 
be a cereal, a potato, wheat, rice, corn, tobacco or barley cell. 
0046. The invention provides transgenic non-human ani 
mals comprising a nucleic acid of the invention or an 
expression cassette (e.g., a vector) of the invention. In one 
aspect, the animal is a mouse. 
0047. The invention provides transgenic plants compris 
ing a nucleic acid of the invention or an expression cassette 
(e.g., a vector) of the invention. The transgenic plant can be 
a cereal plant, a corn plant, a potato plant, a tomato plant, a 
wheat plant, an oilseed plant, a rapeseed plant, a Soybean 
plant, a rice plant, a barley plant or a tobacco plant. 
0048. The invention provides transgenic seeds compris 
ing a nucleic acid of the invention or an expression cassette 
(e.g., a vector) of the invention. The transgenic seed can be 
a cereal plant, a corn seed, a wheat kernel, an oilseed, a 
rapeseed, a soybean seed, a palm kernel, a Sunflower seed, 
a sesame seed, a peanut or a tobacco plant seed. 
0049. The invention provides an antisense oligonucle 
otide comprising a nucleic acid sequence complementary to 
or capable of hybridizing under Stringent conditions to a 
nucleic acid of the invention. The invention provides meth 
ods of inhibiting the translation of a enzyme message (of an 
enzyme of the invention) in a cell comprising administering 
to the cell or expressing in the cell an antisense oligonucle 
otide comprising a nucleic acid sequence complementary to 
or capable of hybridizing under Stringent conditions to a 
nucleic acid of the invention. In one aspect, the antisense 
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oligonucleotide is between about 10 to 50, about 20 to 60, 
about 30 to 70, about 40 to 80, or about 60 to 100 bases in 
length. 
0050. The invention provides methods of inhibiting the 
translation of an enzyme message in a cell comprising 
administering to the cell or expressing in the cell an anti 
sense oligonucleotide comprising a nucleic acid sequence 
complementary to or capable of hybridizing under stringent 
conditions to a nucleic acid of the invention. The invention 
provides double-stranded inhibitory RNA (RNAi) molecules 
comprising a Subsequence of a sequence of the invention. In 
one aspect, the RNAi is about 15, 16, 17, 18, 19, 20, 21, 22. 
23, 24, 25 or more duplex nucleotides in length. The 
invention provides methods of inhibiting the expression of a 
polypeptide (e.g., an enzyme of the invention) in a cell 
comprising administering to the cell or expressing in the cell 
a double-stranded inhibitory RNA (iRNA), wherein the 
RNA comprises a Subsequence of a sequence of the inven 
tion. 

0051. The invention provides an isolated, synthetic or 
recombinant polypeptide comprising an amino acid 
sequence having at least about 50%, 51%, 52%. 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, or more, or complete (100%) 
sequence identity to an exemplary polypeptide or peptide of 
the invention over a region of at least about 20, 25, 30, 35, 
40, 45, 50, 55, 60, 65, 70, 75, 100, 125, 150, 175, 200, 225, 
250, 275, 300, 325, 350 or more residues, or over the full 
length of the polypeptide. In one aspect, the sequence 
identities are determined by analysis with a sequence com 
parison algorithm or by a visual inspection. Exemplary 
polypeptide or peptide sequences of the invention include 
SEQID NO:2, SEQID NO:4, SEQID NO:6, SEQID NO:8, 
SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID 
NO:16, SEQ ID NO:18 or SEQ ID NO:20, and subse 
quences thereof and variants thereof. Exemplary polypep 
tides also include fragments of at least about 10, 15, 20, 25, 
30, 35, 40, 45, 50, 75, 80, 85,90, 95, 100, 150, 200, 250, 
300,350, 400, 450, 500, 550, 600 or more residues in length, 
or over the full length of an enzyme. Exemplary polypeptide 
or peptide sequences of the invention include sequence 
encoded by a nucleic acid of the invention. Exemplary 
polypeptide or peptide sequences of the invention include 
polypeptides or peptides specifically bound by an antibody 
of the invention. The peptide can be, e.g., an immunogenic 
fragment, a motif (e.g., a binding site), a signal sequence, a 
prepro sequence, a catalytic domains (CDS) or an active site. 
0052. In one aspect, a polypeptide of the invention has an 
esterase activity, such as a chlorophyllase (a chlase) activity, 
or, has an enzyme activity comprising enzymatic modifica 
tion of a chlorophyll molecule, e.g., wherein the enzymatic 
modification comprises catabolism of the chlorophyll mol 
ecule. In one aspect, the esterase activity comprises a 
chlorophyll chlorophyllido-hydrolyase activity. 
0053 Another aspect of the invention provides an iso 
lated, synthetic or recombinant polypeptide or peptide 
including at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 
65, 70, 75, 80, 85,90, 95 or 100 or more consecutive bases 
of a polypeptide or peptide sequence of the invention, 
sequences substantially identical thereto, and the sequences 
complementary thereto. The peptide can be, e.g., an immu 
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nogenic fragment, a motif (e.g., a binding site), a signal 
sequence, a prepro sequence or a catalytic domains (CDS) or 
active site. 
0054 The invention provides biosynthetic systems com 
prising nucleic acids and/or plasmids of the invention in a 
cell, e.g., a yeast cell, a plant cell, a fungal cell, or a 
microbial (e.g., bacterial) cell. In one aspect, the biosyn 
thetic systems of the invention comprise coding sequences 
for all the enzymes necessary, or a subset thereof, for 
catabolism of a chlorophyll molecule. In one aspect, the 
coding sequences can be in a plasmid, a recombinant vector 
or virus and the like. 
0055. In one aspect, the enzyme activity of a polypeptide 
of the invention is thermostable. The polypeptide of the 
invention can retain activity under conditions comprising a 
temperature range of between about 1° C. to about 5° C. 
between about 5° C. to about 15° C., between about 15° C. 
to about 25° C., between about 25° C. to about 37° C., 
between about 37° C. to about 95°C., between about 55° C. 
to about 85°C., between about 70° C. to about 75° C., or 
between about 90° C. to about 95°C., or more. In another 
aspect, the enzyme activity of a polypeptide of the invention 
is thermotolerant. The polypeptide can retain activity after 
exposure to a temperature in the range from greater than 37° 
C. to about 95°C., or in the range from greater than 55° C. 
to about 85°C. In one aspect, the polypeptide can retain 
activity after exposure to a temperature in the range from 
greater than 90° C. to about 95° C. at pH 4.5. 
0056. In one aspect, the isolated, synthetic or recombi 
nant polypeptide can comprise the polypeptide of the inven 
tion that lacks a signal sequence. In one aspect, the isolated, 
synthetic or recombinant polypeptide can comprise the 
polypeptide of the invention comprising a heterologous 
signal sequence. 
0057. In one aspect, the invention provides chimeric 
proteins comprising a first domain comprising a signal 
sequence of the invention and at least a second domain. The 
protein can be a fusion protein. The second domain can 
comprise an enzyme. The chimeric enzyme can comprise all 
or a Subsequence of at least one polypeptide having an 
activity as described herein (e.g., esterase enzyme activity, 
including chlorophyllase (a chlase) activity). 
0058. The invention provides chimeric polypeptides 
comprising at least a first domain comprising signal peptide 
(SP), a prepro sequence and/or a catalytic domain (CD) of 
the invention and at least a second domain comprising a 
heterologous polypeptide or peptide, wherein the heterolo 
gous polypeptide or peptide is not naturally associated with 
the signal peptide (SP), prepro sequence and/or catalytic 
domain (CD). In one aspect, the heterologous polypeptide or 
peptide is not a polypeptide having activity comprising 
esterase enzyme activity or chlorophyll catabolism activity. 
The heterologous polypeptide or peptide can be amino 
terminal to, carboxy terminal to or on both ends of the signal 
peptide (SP), prepro sequence and/or catalytic domain (CD). 
0059. The invention provides isolated, synthetic or 
recombinant nucleic acids encoding a chimeric polypeptide, 
wherein the chimeric polypeptide comprises at least a first 
domain comprising signal peptide (SP), a prepro domain 
and/or a catalytic domain (CD) of the invention and at least 
a second domain comprising a heterologous polypeptide or 
peptide, wherein the heterologous polypeptide or peptide is 
not naturally associated with the signal peptide (SP), prepro 
domain and/or catalytic domain (CD). 
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0060. The invention provides isolated, synthetic or 
recombinant signal sequences (e.g., signal peptides) consist 
ing of or comprising a sequence as set forth in residues 1 to 
14, 1 to 15, 1 to 16, 1 to 17, 1 to 18, 1 to 19, 1 to 20, 1 to 
21, 1 to 22, 1 to 23, 1 to 24, 1 to 25, 1 to 26, 1 to 27, 1 to 
28, 1 to 28, 1 to 30, 1 to 31, 1 to 32, 1 to 33, 1 to 34, 1 to 
35, 1 to 36, 1 to 37, 1 to 38, 1 to 40, 1 to 41, 1 to 42, 1 to 
43 or 1 to 44, of a polypeptide of the invention, e.g., SEQ 
ID NO:2, SEQID NO:4, SEQID NO:6, SEQID NO:8, SEQ 
ID NO:10, SEQID NO:12, SEQID NO:14, SEQID NO:16, 
SEQ ID NO:18 or SEQ ID NO:20. The invention provides 
isolated, synthetic or recombinant signal sequences (e.g., 
signal peptides) consisting of or comprising a sequence as 
set forth in Table 1, below. 
0061. In one aspect, an enzyme of the invention has a 
specific activity at about 37°C. in the range from about 1 to 
about 1200 units per milligram of protein, or, about 100 to 
about 1000 units per milligram of protein. In another aspect, 
an enzyme of the invention has a specific activity from about 
100 to about 1000 units per milligram of protein, or, from 
about 500 to about 750 units per milligram of protein. 
Alternatively, an enzyme of the invention has a specific 
activity at 37°C. in the range from about 1 to about 750 units 
per milligram of protein, or, from about 500 to about 1200 
units per milligram of protein. In one aspect, an enzyme of 
the invention has a specific activity at 37° C. in the range 
from about 1 to about 500 units per milligram of protein, or, 
from about 750 to about 1000 units per milligram of protein. 
In another aspect, an enzyme of the invention has a specific 
activity at 37°C. in the range from about 1 to about 250 units 
per milligram of protein. Alternatively, an enzyme of the 
invention has comprises a specific activity at 37° C. in the 
range from about 1 to about 100 units per milligram of 
protein. In another aspect, the thermotolerance comprises 
retention of at least half of the specific activity of the enzyme 
at 37° C. after being heated to the elevated temperature. 
Alternatively, the thermotolerance can comprise retention of 
specific activity at 37°C. in the range from about 1 to about 
1200 units per milligram of protein, or, from about 500 to 
about 1000 units per milligram of protein, after being heated 
to the elevated temperature. In another aspect, the thermo 
tolerance can comprise retention of specific activity at 37°C. 
in the range from about 1 to about 500 units per milligram 
of protein after being heated to the elevated temperature. 
0062. The invention provides an isolated, synthetic or 
recombinant polypeptide of the invention, wherein the 
polypeptide comprises at least one glycosylation site. In one 
aspect, glycosylation can be an N-linked glycosylation. In 
one aspect, the polypeptide can be glycosylated after being 
expressed in a P. pastoris or a S. pombe. 
0063. In one aspect, a polypeptide of the invention can 
retain enzyme activity under conditions comprising about 
pH 6.5, pH 6, pH 5.5, pH 5, pH 4.5 or pH 4 or more acidic. 
In another aspect, a polypeptide of the invention retains 
activity under conditions comprising about pH 7, pH 7.5 pH 
8.0, pH 8.5, pH 9, pH 9.5, pH 10, pH 10.5 or pH 1 or more 
basic. In one aspect, a polypeptide of the invention retains 
activity under conditions comprising about pH 6.5, pH 6, pH 
5.5, pH 5, pH 4.5 or pH 4 or more acidic. In another aspect, 
a polypeptide of the invention retains activity under condi 
tions comprising about pH 7, pH 7.5 pH 8.0, pH 8.5, pH 9. 
pH 9.5, pH 10, pH 10.5 or pH 11 or more basic. 
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0064. The invention provides protein preparations com 
prising a polypeptide of the invention, wherein the protein 
preparation comprises a liquid, a solid or a gel. 
0065. The invention provides heterodimers comprising a 
polypeptide of the invention and a second protein or domain. 
In one aspect, the second member of the heterodimer is not 
a polypeptide of the invention but rather is a different 
enzyme or another protein. In one aspect, the second domain 
can be a polypeptide and the heterodimer can be a fusion 
protein. In one aspect, the second domain can be an epitope 
or a tag. In one aspect, the invention provides homodimers 
comprising a polypeptide of the invention. 
0066. The invention provides immobilized polypeptides 
of the invention, a polypeptide encoded by a nucleic acid of 
the invention, or a polypeptide comprising a polypeptide of 
the invention and a second domain. In one aspect, the 
polypeptide can be immobilized on a cell, a metal, a resin, 
a polymer, a ceramic, a glass, a microelectrode, a graphitic 
particle, a bead, a gel, a plate, an array or a capillary tube. 
0067. The invention provides arrays comprising an 
immobilized nucleic acid of the invention. The invention 
provides arrays comprising an antibody of the invention. 
0068. The invention provides isolated, synthetic or 
recombinant antibodies that specifically bind to a polypep 
tide of the invention or to a polypeptide encoded by a nucleic 
acid of the invention. The antibody can be a monoclonal or 
a polyclonal antibody. The invention provides hybridomas 
comprising an antibody of the invention, e.g., an antibody 
that specifically binds to a polypeptide of the invention or to 
a polypeptide encoded by a nucleic acid of the invention. 
0069. The invention provides method of isolating or 
identifying a polypeptide involved in chlorophyll catabolism 
or having an esterase (e.g., chlorophyllase) activity, wherein 
the method comprises the steps of: (a) providing an antibody 
of the invention; (b) providing a sample comprising 
polypeptides; and (c) contacting the sample of step (b) with 
the antibody of step (a) under conditions wherein the anti 
body can specifically bind to the polypeptide, thereby iso 
lating or identifying the polypeptide. 
0070 The invention provides methods of making an 
antibody that specifically binds to a polypeptide of the 
invention (e.g., an enzyme or another antibody of the 
invention) comprising administering to a non-human animal 
a nucleic acid of the invention or a polypeptide of the 
invention or Subsequences thereof in an amount Sufficient to 
generate a humoral immune response, thereby generating an 
antibody response. The invention provides methods of mak 
ing a humoral or cellular immune response comprising 
administering to a non-human animal a nucleic acid of the 
invention or a polypeptide of the invention or Subsequences 
thereof in an amount Sufficient to generate an immune 
response. 
0071. The invention provides methods of producing a 
recombinant polypeptide comprising the steps of: (a) pro 
viding a nucleic acid of the invention operably linked to a 
promoter, and (b) expressing the nucleic acid of step (a) 
under conditions that allow expression of the polypeptide, 
thereby producing a recombinant polypeptide. In one aspect, 
the method can further comprise transforming a host cell 
with the nucleic acid of step (a) followed by expressing the 
nucleic acid of step (a), thereby producing a recombinant 
polypeptide in a transformed cell. 
0072 The invention provides methods for identifying a 
polypeptide involved in chlorophyll catabolism or having an 
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esterase (e.g., chlorophyllase) activity, comprising the fol 
lowing steps: (a) providing a polypeptide of the invention; or 
a polypeptide encoded by a nucleic acid of the invention; (b) 
providing an appropriate Substrate (e.g., Substrate of the 
polypeptide; and (c) contacting the polypeptide or a frag 
ment or variant thereof of step (a) with the substrate of step 
(b) and detecting a decrease in the amount of Substrate or an 
increase in the amount of a reaction product, wherein a 
decrease in the amount of the Substrate or an increase in the 
amount of the reaction product detects a polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity. 
0073. The invention provides methods for identifying a 
substrate of a polypeptide involved in a chlorophyll catabo 
lism or having an esterase (e.g., chlorophyllase) activity, 
wherein the method comprises the following steps: (a) 
providing a polypeptide of the invention; or a polypeptide 
encoded by a nucleic acid of the invention; (b) providing a 
test Substrate; and (c) contacting the polypeptide of step (a) 
with the test substrate of step (b) and detecting a decrease in 
the amount of Substrate or an increase in the amount of 
reaction product, wherein a decrease in the amount of the 
Substrate or an increase in the amount of a reaction product 
identifies the test substrate a substrate of a polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity. 
0074 The invention provides methods of determining 
whether a test compound specifically binds to a polypeptide 
comprising the following steps: (a) expressing a nucleic acid 
or a vector comprising the nucleic acid under conditions 
permissive for translation of the nucleic acid to a polypep 
tide, wherein the nucleic acid comprises a nucleic acid of the 
invention, or, providing a polypeptide of the invention; (b) 
providing a test compound; (c) contacting the polypeptide 
with the test compound; and (d) determining whether the test 
compound of step (b) specifically binds to the polypeptide. 
0075. The invention provides methods for identifying a 
modulator of a polypeptide involved in chlorophyll catabo 
lism or having an esterase (e.g., chlorophyllase) activity, 
comprising the following steps: (a) providing a polypeptide 
of the invention or a polypeptide encoded by a nucleic acid 
of the invention; (b) providing a test compound; (c) con 
tacting the polypeptide of step (a) with the test compound of 
step (b) and measuring an activity of the polypeptide 
wherein a change in activity measured in the presence of the 
test compound compared to the activity in the absence of the 
test compound provides a determination that the test com 
pound modulates polypeptide activity. In one aspect, 
polypeptide activity can be measured by providing an appro 
priate Substrate (e.g., Substrate of the polypeptide involved 
in a chlorophyll catabolism or having an esterase (e.g., 
chlorophyllase) activity) and detecting a decrease in the 
amount of the Substrate or an increase in the amount of a 
reaction product, or, an increase in the amount of the 
Substrate or a decrease in the amount of a reaction product. 
A decrease in the amount of the Substrate or an increase in 
the amount of the reaction product with the test compound 
as compared to the amount of Substrate or reaction product 
without the test compound identifies the test compound as an 
activator of activity. An increase in the amount of the 
Substrate or a decrease in the amount of the reaction product 
with the test compound as compared to the amount of 
Substrate or reaction product without the test compound 
identifies the test compound as an inhibitor of activity. 
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0076. The invention provides computer systems compris 
ing a processor and a data storage device wherein said data 
storage device has stored thereon a polypeptide sequence or 
a nucleic acid sequence of the invention (e.g., a polypeptide 
encoded by a nucleic acid of the invention). In one aspect, 
the computer system can further comprise a sequence com 
parison algorithm and a data storage device having at least 
one reference sequence stored thereon. In another aspect, the 
sequence comparison algorithm comprises a computer pro 
gram that indicates polymorphisms. In one aspect, the 
computer system can further comprise an identifier that 
identifies one or more features in said sequence. The inven 
tion provides computer readable media having stored 
thereon a polypeptide sequence or a nucleic acid sequence of 
the invention. The invention provides methods for identify 
ing a feature in a sequence comprising the steps of: (a) 
reading the sequence using a computer program which 
identifies one or more features in a sequence, wherein the 
sequence comprises a polypeptide sequence or a nucleic acid 
sequence of the invention; and (b) identifying one or more 
features in the sequence with the computer program. The 
invention provides methods for comparing a first sequence 
to a second sequence comprising the steps of: (a) reading the 
first sequence and the second sequence through use of a 
computer program which compares sequences, wherein the 
first sequence comprises a polypeptide sequence or a nucleic 
acid sequence of the invention; and (b) determining differ 
ences between the first sequence and the second sequence 
with the computer program. The step of determining differ 
ences between the first sequence and the second sequence 
can further comprise the step of identifying polymorphisms. 
In one aspect, the method can further comprise an identifier 
that identifies one or more features in a sequence. In another 
aspect, the method can comprise reading the first sequence 
using a computer program and identifying one or more 
features in the sequence. 
0077. The invention provides methods for isolating or 
recovering a nucleic acid encoding a polypeptide having 
enzymatic activity involved in chlorophyll catabolism or 
having an esterase (e.g., chlorophyllase) activity from an 
environmental sample comprising the steps of: (a) providing 
an amplification primer sequence pair for amplifying a 
nucleic acid encoding a polypeptide involved in chlorophyll 
catabolism or having an esterase (e.g., chlorophyllase) activ 
ity, wherein the primer pair is capable of amplifying a 
nucleic acid of the invention; (b) isolating a nucleic acid 
from the environmental sample or treating the environmen 
tal sample Such that nucleic acid in the sample is accessible 
for hybridization to the amplification primer pair; and, (c) 
combining the nucleic acid of step (b) with the amplification 
primer pair of step (a) and amplifying nucleic acid from the 
environmental sample, thereby isolating or recovering a 
nucleic acid encoding a polypeptide involved in chlorophyll 
catabolism or having an esterase (e.g., chlorophyllase) activ 
ity from an environmental sample. In one aspect, one or each 
member of the amplification primer pair can comprise an 
oligonucleotide comprising at least about 10 to 50 or more 
consecutive bases of a sequence of the invention. In one 
aspect, the amplification primer pair is an amplification pair 
of the invention. 

0078. The invention provides methods for isolating or 
recovering a nucleic acid encoding a polypeptide involved in 
chlorophyll catabolism or having an esterase (e.g., chloro 
phyllase) activity from an environmental sample comprising 
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the steps of: (a) providing a polynucleotide probe compris 
ing a nucleic acid of the invention or a Subsequence thereof. 
(b) isolating a nucleic acid from the environmental sample 
or treating the environmental sample Such that nucleic acid 
in the sample is accessible for hybridization to a polynucle 
otide probe of step (a); (c) combining the isolated, synthetic 
nucleic acid or the treated environmental sample of step (b) 
with the polynucleotide probe of step (a); and (d) isolating 
a nucleic acid that specifically hybridizes with the poly 
nucleotide probe of step (a), thereby isolating or recovering 
a nucleic acid encoding a polypeptide involved in chloro 
phyll catabolism or having an esterase (e.g., chlorophyllase) 
activity from an environmental sample. The environmental 
sample can comprise a water sample, a liquid sample, a soil 
sample, an air sample or a biological sample. In one aspect, 
the biological sample can be derived from a bacterial cell, a 
protozoan cell, an insect cell, a yeast cell, a plant cell, a 
fungal cell or a mammalian cell. 
007.9 The invention provides methods of generating a 
variant of a nucleic acid encoding a polypeptide involved in 
chlorophyll catabolism or having an esterase (e.g., chloro 
phyllase) activity comprising the steps of: (a) providing a 
template nucleic acid comprising a nucleic acid of the 
invention; and (b) modifying, deleting or adding one or more 
nucleotides in the template sequence, or a combination 
thereof, to generate a variant of the template nucleic acid. In 
one aspect, the method can further comprise expressing the 
variant nucleic acid to generate a variant polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity. The modifications, additions 
or deletions can be introduced by a method comprising 
error-prone PCR, shuffling, oligonucleotide-directed 
mutagenesis, assembly PCR, sexual PCR mutagenesis, in 
Vivo mutagenesis, cassette mutagenesis, recursive ensemble 
mutagenesis, exponential ensemble mutagenesis, site-spe 
cific mutagenesis, gene reassembly, Gene Site Saturation 
Mutagenesis (GSSM), synthetic ligation reassembly (SLR) 
or a combination thereof. In another aspect, the modifica 
tions, additions or deletions are introduced by a method 
comprising recombination, recursive sequence recombina 
tion, phosphothioate-modified DNA mutagenesis, uracil 
containing template mutagenesis, gapped duplex mutagen 
esis, point mismatch repair mutagenesis, repair-deficient 
host strain mutagenesis, chemical mutagenesis, radiogenic 
mutagenesis, deletion mutagenesis, restriction-selection 
mutagenesis, restriction-purification mutagenesis, artificial 
gene synthesis, ensemble mutagenesis, chimeric nucleic 
acid multimer creation and a combination thereof. 

0080. In one aspect, the method can be iteratively 
repeated until a polypeptide involved in chlorophyll catabo 
lism or having an esterase (e.g., chlorophylase) activity 
having an altered or different activity or an altered or 
different stability from that of a polypeptide encoded by the 
template nucleic acid is produced. In one aspect, the variant 
polypeptide is thermotolerant, and retains some activity after 
being exposed to an elevated temperature. In another aspect, 
the variant polypeptide has increased glycosylation as com 
pared to the polypeptide encoded by a template nucleic acid. 
Alternatively, the variant polypeptide has activity under a 
high (or higher) temperature, wherein the enzyme encoded 
by the template nucleic acid is not active under the high 
temperature. In one aspect, the method can be iteratively 
repeated until an enzyme coding sequence having an altered 
codon usage from that of the template nucleic acid is 
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produced. In another aspect, the method can be iteratively 
repeated until an enzyme-encoding gene having higher or 
lower level of message expression or stability from that of 
the template nucleic acid is produced. 
0081. The invention provides methods for modifying 
codons in a nucleic acid encoding a polypeptide involved in 
chlorophyll catabolism or having an esterase (e.g., chloro 
phyllase) activity to increase its expression in a host cell, the 
method comprising the following steps: (a) providing a 
nucleic acid of the invention encoding a polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophylase) activity; and, (b) identifying a non 
preferred or a less preferred codon in the nucleic acid of step 
(a) and replacing it with a preferred or neutrally used codon 
encoding the same amino acid as the replaced codon, 
wherein a preferred codon is a codon over-represented in 
coding sequences in genes in the host cell and a non 
preferred or less preferred codon is a codon under-repre 
sented in coding sequences in genes in the host cell, thereby 
modifying the nucleic acid to increase its expression in a 
host cell. 

0082. The invention provides methods for modifying 
codons in a nucleic acid encoding a polypeptide involved in 
chlorophyll catabolism or having an esterase (e.g., chloro 
phyllase) activity; the method comprising the following 
steps: (a) providing a nucleic acid of the invention; and, (b) 
identifying a codon in the nucleic acid of step (a) and 
replacing it with a different codon encoding the same amino 
acid as the replaced codon, thereby modifying codons in a 
nucleic acid encoding the polypeptide. 
0083. The invention provides methods for modifying 
codons in a nucleic acid encoding a polypeptide having 
enzymatic activity involved in chlorophyll catabolism or 
having an esterase (e.g., chlorophyllase) activity to increase 
its expression in a host cell, the method comprising the 
following steps: (a) providing a nucleic acid of the invention 
encoding a polypeptide having enzymatic activity involved 
in chlorophyll catabolism or having an esterase (e.g., chlo 
rophyllase) activity; and, (b) identifying a non-preferred or 
a less preferred codon in the nucleic acid of step (a) and 
replacing it with a preferred or neutrally used codon encod 
ing the same amino acid as the replaced codon, wherein a 
preferred codon is a codon over-represented in coding 
sequences in genes in the host cell and a non-preferred or 
less preferred codon is a codon under-represented in coding 
sequences in genes in the host cell, thereby modifying the 
nucleic acid to increase its expression in a host cell. 
0084. The invention provides methods for modifying a 
codon in a nucleic acid encoding a polypeptide having 
enzymatic activity involved in chlorophyll catabolism or 
having an esterase (e.g., chlorophyllase) activity to decrease 
its expression in a host cell, the method comprising the 
following steps: (a) providing a nucleic acid of the inven 
tion; and (b) identifying at least one preferred codon in the 
nucleic acid of step (a) and replacing it with a non-preferred 
or less preferred codon encoding the same amino acid as the 
replaced codon, wherein a preferred codon is a codon 
over-represented in coding sequences in genes in a host cell 
and a non-preferred or less preferred codon is a codon 
under-represented in coding sequences in genes in the host 
cell, thereby modifying the nucleic acid to decrease its 
expression in a host cell. In one aspect, the host cell can be 
a bacterial cell, a fungal cell, an insect cell, a yeast cell, a 
plant cell or a mammalian cell. 
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I0085. The invention provides methods for producing a 
library of nucleic acids encoding a plurality of modified 
polypeptide active sites (catalytic domains (CDS)) or Sub 
strate binding sites of polypeptides having enzymatic activ 
ity involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity, wherein the modified active 
sites or substrate binding sites are derived from a first 
nucleic acid comprising a sequence encoding a first active 
site or a first Substrate binding site the method comprising 
the following steps: (a) providing a first nucleic acid encod 
ing a first active site or first Substrate binding site, wherein 
the first nucleic acid sequence comprises a sequence that 
hybridizes under Stringent conditions to a nucleic acid of the 
invention, and the nucleic acid encodes an active site or a 
Substrate binding site; (b) providing a set of mutagenic 
oligonucleotides that encode naturally-occurring amino acid 
variants at a plurality of targeted codons in the first nucleic 
acid; and, (c) using the set of mutagenic oligonucleotides to 
generate a set of active site-encoding or Substrate binding 
site-encoding variant nucleic acids encoding a range of 
amino acid variations at each amino acid codon that was 
mutagenized, thereby producing a library of nucleic acids 
encoding a plurality of modified active sites or substrate 
binding sites of polypeptides having enzymatic activity 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity. In one aspect, the method 
comprises mutagenizing the first nucleic acid of step (a) by 
a method comprising an optimized directed evolution sys 
tem, Gene Site-Saturation Mutagenesis (GSSM), synthetic 
ligation reassembly (SLR), error-prone PCR, shuffling, oli 
gonucleotide-directed mutagenesis, assembly PCR, sexual 
PCR mutagenesis, in vivo mutagenesis, cassette mutagen 
esis, recursive ensemble mutagenesis, exponential ensemble 
mutagenesis, site-specific mutagenesis, gene reassembly, 
synthetic ligation reassembly (SLR) and a combination 
thereof. In another aspect, the method comprises mutageniz 
ing the first nucleic acid of step (a) or variants by a method 
comprising recombination, recursive sequence recombina 
tion, phosphothioate-modified DNA mutagenesis, uracil 
containing template mutagenesis, gapped duplex mutagen 
esis, point mismatch repair mutagenesis, repair-deficient 
host strain mutagenesis, chemical mutagenesis, radiogenic 
mutagenesis, deletion mutagenesis, restriction-selection 
mutagenesis, restriction-purification mutagenesis, artificial 
gene synthesis, ensemble mutagenesis, chimeric nucleic 
acid multimer creation and a combination thereof. 

I0086. The invention provides methods for making a small 
molecule comprising the following steps: (a) providing a 
plurality of biosynthetic enzymes capable of synthesizing or 
modifying a small molecule, wherein one of the enzymes 
comprises a polypeptide of the invention or is encoded by a 
nucleic acid of the invention; (b) providing a Substrate for at 
least one of the enzymes of step (a); and (c) reacting the 
substrate of step (b) with the enzymes under conditions that 
facilitate a plurality of biocatalytic reactions to generate a 
small molecule by a series of biocatalytic reactions. The 
invention provides methods for modifying a small molecule 
comprising the following steps: (a) providing an enzyme, 
wherein the enzyme comprises a polypeptide of the inven 
tion, or, a polypeptide encoded by a nucleic acid of the 
invention, or a Subsequence thereof; (b) providing a small 
molecule; and (c) reacting the enzyme of step (a) with the 
small molecule of step (b) under conditions that facilitate an 
enzymatic reaction catalyzed by the polypeptide of the 
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invention, or, a polypeptide encoded by a nucleic acid of the 
invention, thereby modifying a small molecule. In one 
aspect, the method can comprise a plurality of Small mol 
ecule Substrates for the enzyme of step (a), thereby gener 
ating a library of modified small molecules produced by at 
least one enzymatic reaction catalyzed by an enzyme of the 
invention. In one aspect, the method can comprise a plurality 
of additional enzymes under conditions that facilitate a 
plurality of biocatalytic reactions by the enzymes to form a 
library of modified small molecules produced by the plu 
rality of enzymatic reactions. In another aspect, the method 
can further comprise the step of testing the library to 
determine if a particular modified small molecule that exhib 
its a desired activity is present within the library. The step of 
testing the library can further comprise the steps of system 
atically eliminating all but one of the biocatalytic reactions 
used to produce a portion of the plurality of the modified 
small molecules within the library by testing the portion of 
the modified small molecule for the presence or absence of 
the particular modified small molecule with a desired activ 
ity, and identifying at least one specific biocatalytic reaction 
that produces the particular modified small molecule of 
desired activity. 
0087. The invention provides methods for determining a 
functional fragment of a polypeptide of the invention, or, a 
polypeptide encoded by a nucleic acid of the invention, 
comprising the steps of: (a) providing a polypeptide of the 
invention, or a polypeptide encoded by a nucleic acid of the 
invention, or a subsequence thereof, and (b) deleting a 
plurality of amino acid residues from the sequence of step 
(a) and testing the remaining Subsequence for enzyme or 
binding activity, thereby determining a functional fragment 
of the enzyme. In one aspect, activity is measured by 
providing a Substrate and detecting a decrease in the amount 
of the Substrate or an increase in the amount of a reaction 
product. 
0088. The invention provides methods for whole cell 
engineering of new or modified phenotypes by using real 
time metabolic flux analysis, the method comprising the 
following steps: (a) making a modified cell by modifying the 
genetic composition of a cell, wherein the genetic compo 
sition is modified by addition to the cell of a nucleic acid of 
the invention; (b) culturing the modified cell to generate a 
plurality of modified cells; (c) measuring at least one meta 
bolic parameter of the cell by monitoring the cell culture of 
step (b) in real time; and, (d) analyzing the data of step (c) 
to determine if the measured parameter differs from a 
comparable measurement in an unmodified cell under simi 
lar conditions, thereby identifying an engineered phenotype 
in the cell using real-time metabolic flux analysis. In one 
aspect, the genetic composition of the cell can be modified 
by a method comprising deletion of a sequence or modifi 
cation of a sequence in the cell, or, knocking out the 
expression of a gene. In one aspect, the method can further 
comprise selecting a cell comprising a newly engineered 
phenotype. In another aspect, the method can comprise 
culturing the selected cell, thereby generating a new cell 
strain comprising a newly engineered phenotype. 
0089. The invention provides methods of increasing ther 
motolerance or thermostability of a polypeptide of the 
invention, or, a polypeptide encoded by a nucleic acid of the 
invention, the method comprising glycosylating a polypep 
tide comprising at least thirty contiguous amino acids of a 
polypeptide of the invention; or a polypeptide encoded by a 
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nucleic acid sequence of the invention, thereby increasing 
the thermotolerance or thermostability of the polypeptide. In 
one aspect, the specific activity can be thermostable or 
thermotolerant at a temperature in the range from greater 
than about 37° C. to about 95° C. 

0090 The invention provides methods for overexpress 
ing a recombinant polypeptide in a cell comprising express 
ing a vector comprising a nucleic acid comprising a nucleic 
acid of the invention or a nucleic acid sequence of the 
invention, wherein the sequence identities are determined by 
analysis with a sequence comparison algorithm or by visual 
inspection, wherein overexpression is effected by use of a 
high activity promoter, a dicistronic vector or by gene 
amplification of the vector. 
0091. The invention provides methods of making a trans 
genic plant comprising the following steps: (a) introducing 
a heterologous nucleic acid sequence into the cell, wherein 
the heterologous nucleic sequence comprises a nucleic acid 
sequence of the invention, thereby producing a transformed 
plant cell; and (b) producing a transgenic plant from the 
transformed cell. In one aspect, the step (a) can further 
comprise introducing the heterologous nucleic acid 
sequence by electroporation or microinjection of plant cell 
protoplasts. In another aspect, the step (a) can further 
comprise introducing the heterologous nucleic acid 
sequence directly to plant tissue by DNA particle bombard 
ment. Alternatively, the step (a) can further comprise intro 
ducing the heterologous nucleic acid sequence into the plant 
cell DNA using an Agrobacterium tumefaciens host. In one 
aspect, the plant cell can be a potato, corn, rice, wheat, 
tobacco, or barley cell. 
0092. The invention provides methods of expressing a 
heterologous nucleic acid sequence in a plant cell compris 
ing the following steps: (a) transforming the plant cell with 
a heterologous nucleic acid sequence operably linked to a 
promoter, wherein the heterologous nucleic sequence com 
prises a nucleic acid of the invention; (b) growing the plant 
under conditions wherein the heterologous nucleic acids 
sequence is expressed in the plant cell. The invention 
provides methods of expressing a heterologous nucleic acid 
sequence in a plant cell comprising the following steps: (a) 
transforming the plant cell with a heterologous nucleic acid 
sequence operably linked to a promoter, wherein the heter 
ologous nucleic sequence comprises a sequence of the 
invention; (b) growing the plant under conditions wherein 
the heterologous nucleic acids sequence is expressed in the 
plant cell. In another aspect, an enzyme of the invention can 
be prepared by expression of a polynucleotide of the inven 
tion in an organism such as a bacterium, a yeast, a plant, an 
insect, a fungus or an animal. Exemplary organisms for 
expressing polypeptides of the invention can be S. pombe, S. 
cerevisiae, Pichia sp., e.g., P. pastoris, E. coli, Streptomyces 
sp., Bacillus sp. and Lactobacillus sp. 
0093. Another aspect of the invention is a method of 
making a polypeptide of the invention. The method includes 
introducing a nucleic acid encoding the polypeptide into a 
host cell, wherein the nucleic acid is operably linked to a 
promoter and culturing the host cell under conditions that 
allow expression of the nucleic acid. Another aspect of the 
invention is a method of making a polypeptide or peptide of 
the invention. The method includes introducing a nucleic 
acid encoding the polypeptide into a host cell, wherein the 
nucleic acid is operably linked to a promoter and culturing 
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the host cell under conditions that allow expression of the 
nucleic acid, thereby producing the polypeptide. 
0094. Another aspect of the invention is a method of 
generating a variant including obtaining a nucleic acid 
having a sequence of the invention, sequences Substantially 
identical thereto, sequences complementary to a sequence of 
the invention, and fragments thereof, and changing one or 
more nucleotides in the sequence to another nucleotide, 
deleting one or more nucleotides in the sequence, or adding 
one or more nucleotides to the sequence. 
0095. The invention provides biosynthetic systems for 
the catabolism of chlorophyll comprising at least one 
enzyme of the invention. The invention provides biosyn 
thetic systems for the catabolism of chlorophyll comprising 
at least one nucleic acid encoding an enzyme involved in the 
catabolism of chlorophyll, wherein the nucleic acid com 
prises a sequence of the invention. In one aspect, the system 
comprises a plurality of enzyme-encoding nucleic acids, 
wherein the enzymes are involved in the catabolism of 
chlorophyll. In one aspect, the plurality of enzyme-encoding 
nucleic acids comprises all of the enzymes in a chlorophyll 
catabolism pathway. In one aspect, the plurality of enzyme 
encoding nucleic acids are contained in at least one plasmid, 
expression cassette or expression vector. 
0096. In one aspect, the biosynthetic system of the inven 
tion is contained in (comprises) a cell. The cell can be a 
bacterial cell, a mammalian cell, a fungal cell, a yeast cell, 
an insect cell or a plant cell. The yeast cell can be a Pichia 
sp. or a Saccharomyces sp., Such as a Pichia pastoris, 
Saccharomyces cerevisiae or Schizosaccharomyces pombe. 
0097. The details of one or more embodiments of the 
invention are set forth in the accompanying drawings and 
the description below. Other features, objects, and advan 
tages of the invention will be apparent from the description 
and drawings, and from the claims. 
0098 All publications, patents, patent applications, Gen 
Bank sequences and ATCC deposits, cited herein, including 
Appendix A, are hereby expressly incorporated by reference 
for all purposes. 

DESCRIPTION OF DRAWINGS 

0099 FIG. 1 is a schematic representation of chlorophyll 
(FIG. 1A), phytol (FIG. 1B) and chlorophyllide (FIG. 1C). 
0100 FIG. 2 and FIG. 3 illustrate data showing the 
results of an esterase (chlorophylase activity) activity assay 
using exemplary enzymes of the invention, as described in 
detail in Example 1, below. 
0101 FIG. 4 is a block diagram of an exemplary com 
puter system of the invention, as described in detail, below. 
0102 FIG. 5 is a flow diagram illustrating one aspect of 
a process of the invention for comparing a new nucleotide or 
protein sequence with a database of sequences in order to 
determine the homology levels between the new sequence 
and the sequences in the database, as described in detail, 
below. 
0103 FIG. 6 is a flow diagram illustrating one aspect of 
a process in a computer for determining whether two 
sequences are homologous, as described in detail, below. 
0104 FIG. 7 is a flow diagram illustrating one aspect of 
an identifier process 300 for detecting the presence of a 
feature in a sequence, as described in detail, below. 
0105 FIG. 8 illustrates the reaction of an exemplary 
esterase of the invention in chlorophyll degradation, as 
described in detail, below. 
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0106 FIG. 9 illustrates and compares traditional versus 
an exemplary enzymatic decoloring (bleaching) reaction of 
the invention, as described in detail, below. 
0107 FIG. 10 illustrates an exemplary enzymatic decol 
oring (bleaching) reaction of the invention, as described in 
detail, below. 
0.108 FIG. 11 illustrates an exemplary enzymatic decol 
oring (bleaching) process of the invention that combines 
degumming, enzymatic bleaching ("decoloring) and caus 
tic neutralization steps, as described in detail, below. 
0109 FIG. 12 illustrates an exemplary enzymatic decol 
oring (bleaching) process of the invention as described in 
detail, below. 
0110 FIG. 13 illustrates an exemplary oilseed refining 
scheme comprising extraction, refining and modification of 
an oilseed using an esterase of the invention, as described in 
detail, below. 
0111 FIG. 14 illustrates an exemplary industrial process 
of the invention—a biodegumming process, comprising use 
of at least one polypeptide of the invention, as described in 
detail, below. 
0112 FIG. 15 illustrates another exemplary industrial 
process of the invention comprising use of at least one 
polypeptide of the invention, as described in detail, below. 
0113 FIG. 16 illustrates another exemplary industrial 
process of the invention comprising use of at least one 
polypeptide of the invention having chlorophyllase enzyme 
activity. 
0114. Like reference symbols in the various drawings 
indicate like elements. 

DETAILED DESCRIPTION 

0115 The present invention provides novel compositions 
and processes for the enzymatic treatment ("bleaching” or 
"de-colorizing”) of chlorophyll-containing or chlorophyll 
contaminated compositions, e.g., plant, animal or algal 
preparations, foods, feeds or oils. In one aspect, the treat 
ment (or, “enzymatic bleaching” or "de-colorizing”) of 
chlorophyll used in the compositions and methods of the 
invention comprises use of a chlorophyllase enzyme, or 
other enzyme involved in chlorophyll catabolism, to modify 
chlorophyll, e.g., to facilitate removal of the color-bearing 
porphyrin ring by, e.g., aqueous extraction. Chlorophyllase 
catalyzes the hydrolysis of chlorophyll to generate chloro 
phyllide, which can be acqueous extracted, and phytol, which 
remains in the oil phase. 
0116 For example, in one aspect, the invention provides 
compositions and processes for the enzymatic processing 
(e.g., hydrolysis) of chlorophyll in a feed, food or oil, e.g., 
a vegetable oils, including oils processed from oilseeds. Such 
as canola (rapeseed) oil or soybean oil, or oil fruits, such as 
palm oil. In one aspect, the invention provides enzymatic 
bleaching methods using a chlorophylase enzyme for the 
enzymatic hydrolysis of a chlorophyll or any color-bearing 
porphyrin ring in an animal or a plant oil, e.g., vegetable oils. 
0117 The invention includes methods for enzymatically 
treating (e.g., "bleaching) chlorophyll-containing foods or 
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oils via in vitro or in vivo techniques, e.g., whole cells 
protocols, such as fermentation or other biocatalytic pro 
CCSSCS. 

Generating and Manipulating Nucleic Acids 
0118. The invention provides isolated, recombinant and 
synthetic nucleic acids (e.g., an exemplary nucleic acid of 
the invention, including SEQID NO:1, SEQID NO:3, SEQ 
ID NO:5, SEQ ID NO:7, SEQ ID NO:9, SEQ ID NO:11, 
SEQID NO:13, SEQID NO:15, SEQID NO:17 or SEQ ID 
NO:19), and sequences having a sequence identity to an 
exemplary nucleic acid; nucleic acids encoding polypeptides 
of the invention, e.g., the exemplary amino acid sequences 
as set forth in SEQID NO:2, SEQID NO:4, SEQ ID NO:6, 
SEQ ID NO:8, SEQ ID NO:10, SEQ ID NO:12, SEQ ID 
NO:14, SEQID NO:16, SEQID NO:18 or SEQID NO:20). 
The invention also provides expression cassettes Such as 
expression vectors, comprising nucleic acids of the inven 
tion, which include polynucleotides which encode the 
polypeptides of the invention. The invention also includes 
methods for discovering new polypeptide sequences using 
the nucleic acids of the invention. The invention also 
includes methods for inhibiting the expression of genes, 
transcripts and polypeptides using the nucleic acids of the 
invention. Also provided are methods for modifying the 
nucleic acids of the invention by, e.g., synthetic ligation 
reassembly, optimized directed evolution system and/or 
saturation mutagenesis. 
0119 The nucleic acids of the invention can be made, 
isolated and/or manipulated by, e.g., cloning and expression 
of cDNA libraries, amplification of message or genomic 
DNA by PCR, and the like. 
0120 In practicing the methods of the invention, homolo 
gous genes can be modified by manipulating a template 
nucleic acid, as described herein. The invention can be 
practiced in conjunction with any method or protocol or 
device known in the art, which are well described in the 
Scientific and patent literature. 
0121 One aspect of the invention is an isolated nucleic 
acid comprising one of the sequences of the invention, or a 
fragment comprising at least 10, 15, 20, 25, 30, 35, 40, 50. 
75, 100, 150, 200, 300, 400, or 500 consecutive bases of a 
nucleic acid of the invention. The isolated, nucleic acids may 
comprise DNA, including cDNA, genomic DNA and syn 
thetic DNA. The DNA may be double-stranded or single 
Stranded and if single stranded may be the coding Strand or 
non-coding (anti-sense) Strand. Alternatively, the isolated 
nucleic acids may comprise RNA. 
0122) The isolated nucleic acids of the invention may be 
used to prepare one of the polypeptides of the invention, or 
fragments comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 
50, 75, 100, or 150 consecutive amino acids of one of the 
polypeptides of the invention. 
0123. Accordingly, another aspect of the invention is an 
isolated nucleic acid which encodes one of the polypeptides 
of the invention, or fragments comprising at least 5, 10, 15. 
20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino 
acids of one of the polypeptides of the invention. The coding 
sequences of these nucleic acids may be identical to one of 
the coding sequences of one of the nucleic acids of the 
invention or may be different coding sequences which 
encode one of the of the invention having at least 5, 10, 15, 
20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino 
acids of one of the polypeptides of the invention, as a result 
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of the redundancy or degeneracy of the genetic code. The 
genetic code is well known to those of skill in the art and can 
be obtained, for example, on page 214 of B. Lewin, Genes 
VI, Oxford University Press, 1997. 
0.124. The isolated nucleic acid which encodes one of the 
polypeptides of the invention, but is not limited to: only the 
coding sequence of a nucleic acid of the invention and 
additional coding sequences, such as leader sequences or 
proprotein sequences and non-coding sequences, such as 
introns or non-coding sequences 5' and/or 3' of the coding 
sequence. Thus, as used herein, the term “polynucleotide 
encoding a polypeptide' encompasses a polynucleotide 
which includes only the coding sequence for the polypeptide 
as well as a polynucleotide which includes additional coding 
and/or non-coding sequence. 
0.125. Alternatively, the nucleic acid sequences of the 
invention, may be mutagenized using conventional tech 
niques. Such as site directed mutagenesis, or other tech 
niques familiar to those skilled in the art, to introduce silent 
changes into the polynucleotides o of the invention. As used 
herein, “silent changes include, for example, changes 
which do not alter the amino acid sequence encoded by the 
polynucleotide. Such changes may be desirable in order to 
increase the level of the polypeptide produced by host cells 
containing a vector encoding the polypeptide by introducing 
codons or codon pairs which occur frequently in the host 
organism. 
0.126 The invention also relates to polynucleotides which 
have nucleotide changes which result in amino acid substi 
tutions, additions, deletions, fusions and truncations in the 
polypeptides of the invention. Such nucleotide changes may 
be introduced using techniques such as site directed 
mutagenesis, random chemical mutagenesis, exonuclease III 
deletion and other recombinant DNA techniques. Alterna 
tively. Such nucleotide changes may be naturally occurring 
allelic variants which are isolated by identifying nucleic 
acids which specifically hybridize to probes comprising at 
least 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 300, 
400, or 500 consecutive bases of one of the sequences of the 
invention (or the sequences complementary thereto) under 
conditions of high, moderate, or low stringency as provided 
herein. 

0127. As used herein, the term "isolated” means that the 
material is removed from its original environment (e.g., the 
natural environment if it is naturally occurring). For 
example, a naturally-occurring polynucleotide or polypep 
tide present in a living animal is not isolated, but the same 
polynucleotide or polypeptide, separated from Some or all of 
the coexisting materials in the natural system, is isolated. 
Such polynucleotides could be part of a vector and/or such 
polynucleotides or polypeptides could be part of a compo 
sition and still be isolated in that such vector or composition 
is not part of its natural environment. As used herein, the 
term “purified' does not require absolute purity; rather, it is 
intended as a relative definition. Individual nucleic acids 
obtained from a library have been conventionally purified to 
electrophoretic homogeneity. The sequences obtained from 
these clones could not be obtained directly either from the 
library or from total human DNA. The purified nucleic acids 
of the invention have been purified from the remainder of the 
genomic DNA in the organism by at least 10-10 fold. 
However, the term “purified also includes nucleic acids 
which have been purified from the remainder of the genomic 
DNA or from other sequences in a library or other environ 
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ment by at least one order of magnitude, typically two or 
three orders and more typically four or five orders of 
magnitude. 
0128. As used herein, the term “recombinant’ means that 
the nucleic acid is adjacent to a “backbone' nucleic acid to 
which it is not adjacent in its natural environment. Addi 
tionally, to be "enriched the nucleic acids will represent 5% 
or more of the number of nucleic acid inserts in a population 
of nucleic acid backbone molecules. Backbone molecules 
according to the invention include nucleic acids such as 
expression vectors, self-replicating nucleic acids, viruses, 
integrating nucleic acids and other vectors or nucleic acids 
used to maintain or manipulate a nucleic acid insert of 
interest. Typically, the enriched nucleic acids represent 15% 
or more of the number of nucleic acid inserts in the popu 
lation of recombinant backbone molecules. More typically, 
the enriched nucleic acids represent 50% or more of the 
number of nucleic acid inserts in the population of recom 
binant backbone molecules. In a one aspect, the enriched 
nucleic acids represent 90% or more of the number of 
nucleic acid inserts in the population of recombinant back 
bone molecules. 
0129. “Recombinant polypeptides or proteins refer to 
polypeptides or proteins produced by recombinant DNA 
techniques; i.e., produced from cells transformed by an 
exogenous DNA construct encoding the desired polypeptide 
or protein. “Synthetic' polypeptides or protein are those 
prepared by chemical synthesis. Solid-phase chemical pep 
tide synthesis methods can also be used to synthesize the 
polypeptide or fragments of the invention. Such method 
have been known in the art since the early 1960's (Merri 
field, R. B., J. Am. Chem. Soc., 85:2149-2154, 1963) (See 
also Stewart, J. M. and Young, J. D., Solid Phase Peptide 
Synthesis 2nd Ed., Pierce Chemical Co., Rockford, Ill., pp. 
11-12)) and have recently been employed in commercially 
available laboratory peptide design and synthesis kits (Cam 
bridge Research Biochemicals). Such commercially avail 
able laboratory kits have generally utilized the teachings of 
H. M. Geysen et al. Proc. Natl. Acad. Sci., USA, 81:3998 
(1984) and provide for synthesizing peptides upon the tips of 
a multitude of “rods” or “pins' all of which are connected to 
a single plate. When such a system is utilized, a plate of rods 
or pins is inverted and inserted into a second plate of 
corresponding wells or reservoirs, which contain solutions 
for attaching or anchoring an appropriate amino acid to the 
pin's or rod's tips. By repeating Such a process step, i.e., 
inverting and inserting the rods and pin's tips into appro 
priate Solutions, amino acids are built into desired peptides. 
In addition, a number of available FMOC peptide synthesis 
systems are available. For example, assembly of a polypep 
tide or fragment can be carried out on a Solid Support using 
an Applied Biosystems, Inc. Model 431A automated peptide 
synthesizer. Such equipment provides ready access to the 
peptides of the invention, either by direct synthesis or by 
synthesis of a series of fragments that can be coupled using 
other known techniques. 
0130. A promoter sequence is “operably linked to a 
coding sequence when RNA polymerase which initiates 
transcription at the promoter will transcribe the coding 
sequence into mRNA. 
0131 “Plasmids” are designated by a lower case “p 
preceded and/or followed by capital letters and/or numbers. 
The starting plasmids herein are either commercially avail 
able, publicly available on an unrestricted basis, or can be 
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constructed from available plasmids in accord with pub 
lished procedures. In addition, equivalent plasmids to those 
described herein are known in the art and will be apparent 
to the ordinarily skilled artisan. 
I0132 “Digestion of DNA refers to catalytic cleavage of 
the DNA with a restriction enzyme that acts only at certain 
sequences in the DNA. The various restriction enzymes used 
herein are commercially available and their reaction condi 
tions, cofactors and other requirements were used as would 
be known to the ordinarily skilled artisan. For analytical 
purposes, typically lug of plasmid or DNA fragment is used 
with about 2 units of enzyme in about 20 ul of buffer 
solution. For the purpose of isolating DNA fragments for 
plasmid construction, typically 5 to 50 lug of DNA are 
digested with 20 to 250 units of enzyme in a larger volume. 
Appropriate buffers and Substrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incu 
bation times of about 1 hour at 37° C. are ordinarily used, 
but may vary in accordance with the Suppliers instructions. 
After digestion, gel electrophoresis may be performed to 
isolate the desired fragment. 
I0133) “Hybridization” refers to the process by which a 
nucleic acid strand joins with a complementary strand 
through base pairing. Hybridization reactions can be sensi 
tive and selective so that a particular sequence of interest can 
be identified even in samples in which it is present at low 
concentrations. Suitably stringent conditions can be defined 
by, for example, the concentrations of Salt or formamide in 
the prehybridization and hybridization solutions, or by the 
hybridization temperature and are well known in the art. In 
particular, stringency can be increased by reducing the 
concentration of salt, increasing the concentration of forma 
mide, or raising the hybridization temperature. In alternative 
aspects, nucleic acids of the invention are defined by their 
ability to hybridize under various stringency conditions 
(e.g., high, medium, and low), as set forth herein. 
I0134) For example, hybridization under high stringency 
conditions could occur in about 50% formamide at about 37° 
C. to 42° C. Hybridization could occur under reduced 
stringency conditions in about 35% to 25% formamide at 
about 30° C. to 35° C. In particular, hybridization could 
occur under high stringency conditions at 42° C. in 50% 
formamide, 5xSSPE, 0.3% SDS and 200 n/ml sheared and 
denatured salmon sperm DNA. Hybridization could occur 
under reduced Stringency conditions as described above, but 
in 35% formamide at a reduced temperature of 35° C. The 
temperature range corresponding to a particular level of 
stringency can be further narrowed by calculating the purine 
to pyrimidine ratio of the nucleic acid of interest and 
adjusting the temperature accordingly. Variations on the 
above ranges and conditions are well known in the art. 
I0135. The term “variant” refers to polynucleotides or 
polypeptides of the invention modified at one or more base 
pairs, codons, introns, exons, or amino acid residues (respec 
tively) yet still retain the biological activity of an enzyme of 
the invention. Variants can be produced by any number of 
means included methods such as, for example, error-prone 
PCR, shuffling, oligonucleotide-directed mutagenesis, 
assembly PCR, sexual PCR mutagenesis, in vivo mutagen 
esis, cassette mutagenesis, recursive ensemble mutagenesis, 
exponential ensemble mutagenesis, site-specific mutagen 
esis, gene reassembly, GSSM and any combination thereof. 
I0136. The term “Saturation Mutagenesis” or “Gene Site 
Saturation Mutagenesis” or “GSSM includes a method that 
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uses degenerate oligonucleotide primers to introduce point 
mutations into a polynucleotide, as described in detail, 
below. 

0.137 The term “optimized directed evolution system” or 
“optimized directed evolution includes a method for reas 
sembling fragments of related nucleic acid sequences, e.g., 
related genes, and explained in detail, below. 
0.138. The term “synthetic ligation reassembly” or “SLR' 
includes a method of ligating oligonucleotide fragments in a 
non-stochastic fashion, and explained in detail, below. 
0.139. The phrases “nucleic acid” or “nucleic acid 
sequence' as used herein refer to an oligonucleotide, nucle 
otide, polynucleotide, or to a fragment of any of these, to 
DNA or RNA of genomic or synthetic origin which may be 
single-stranded or double-stranded and may represent a 
sense or antisense (complementary) Strand, to peptide 
nucleic acid (PNA), or to any DNA-like or RNA-like 
material, natural or synthetic in origin. The phrases “nucleic 
acid' or “nucleic acid sequence' includes oligonucleotide, 
nucleotide, polynucleotide, or to a fragment of any of these, 
to DNA or RNA (e.g., mRNA, rRNA, tRNA, iRNA) of 
genomic or synthetic origin which may be single-stranded or 
double-stranded and may represent a sense or antisense 
strand, to peptide nucleic acid (PNA), or to any DNA-like or 
RNA-like material, natural or synthetic in origin, including, 
e.g., iRNA, ribonucleoproteins (e.g., e.g., double stranded 
iRNAs, e.g., iRNPs). The term encompasses nucleic acids, 
i.e., oligonucleotides, containing known analogues of natu 
ral nucleotides. The term also encompasses nucleic-acid-like 
structures with synthetic backbones, see e.g., Mata (1997) 
Toxicol. Appl. Pharmacol. 144:189-197; Strauss-Soukup 
(1997) Biochemistry 36:8692-8698; Samstag (1996) Anti 
sense Nucleic Acid Drug Dev 6:153-156. “Oligonucleotide' 
includes either a single stranded polydeoxynucleotide or two 
complementary polydeoxynucleotide strands which may be 
chemically synthesized. Such synthetic oligonucleotides 
have no 5' phosphate and thus will not ligate to another 
oligonucleotide without adding a phosphate with an ATP in 
the presence of a kinase. A synthetic oligonucleotide can 
ligate to a fragment that has not been dephosphorylated. 
0140. A “coding sequence of or a “nucleotide sequence 
encoding a particular polypeptide or protein, is a nucleic 
acid sequence which is transcribed and translated into a 
polypeptide or protein when placed under the control of 
appropriate regulatory sequences. 
0141. The term “gene' means the segment of DNA 
involved in producing a polypeptide chain; it includes 
regions preceding and following the coding region (leader 
and trailer) as well as, where applicable, intervening 
sequences (introns) between individual coding segments 
(exons). “Operably linked as used herein refers to a func 
tional relationship between two or more nucleic acid (e.g., 
DNA) segments. In one aspect, it refers to the functional 
relationship of transcriptional regulatory sequence to a tran 
scribed sequence. For example, a promoter is operably 
linked to a coding sequence, such as a nucleic acid of the 
invention, if it stimulates or modulates the transcription of 
the coding sequence in an appropriate host cell or other 
expression system. In one aspect, promoter transcriptional 
regulatory sequences that are operably linked to a tran 
scribed sequence are physically contiguous to the tran 
scribed sequence, i.e., they are cis-acting. However, some 
transcriptional regulatory sequences, such as enhancers, 
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need not be physically contiguous or located in close proX 
imity to the coding sequences whose transcription they 
enhance. 

0142. The term “expression cassette' as used herein 
refers to a nucleotide sequence which is capable of affecting 
expression of a structural gene (i.e., a protein coding 
sequence. Such as an enzyme of the invention) in a host 
compatible with Such sequences. Expression cassettes 
include at least a promoter operably linked with the polypep 
tide coding sequence; and, optionally, with other sequences, 
e.g., transcription termination signals. Additional factors 
necessary or helpful in effecting expression may also be 
used, e.g., enhancers. Thus, expression cassettes also include 
plasmids, expression vectors, recombinant viruses, any form 
of recombinant “naked DNA vector, and the like. A “vec 
tor” comprises a nucleic acid which can infect, transfect, 
transiently or permanently transduce a cell. It will be rec 
ognized that a vector can be a naked nucleic acid, or a 
nucleic acid complexed with protein or lipid. The vector 
optionally comprises viral or bacterial nucleic acids and/or 
proteins, and/or membranes (e.g., a cell membrane, a viral 
lipid envelope, etc.). Vectors include, but are not limited to 
replicons (e.g., RNA replicons, bacteriophages) to which 
fragments of DNA may be attached and become replicated. 
Vectors thus include, but are not limited to RNA, autono 
mous self-replicating circular or linear DNA or RNA (e.g., 
plasmids, viruses, and the like, see, e.g., U.S. Pat. No. 
5,217.879), and include both the expression and non-expres 
sion plasmids. Where a recombinant microorganism or cell 
culture is described as hosting an “expression vector' this 
includes both extra-chromosomal circular and linear DNA 
and DNA that has been incorporated into the host chromo 
some(s). Where a vector is being maintained by a host cell, 
the vector may either be stably replicated by the cells during 
mitosis as an autonomous structure, or is incorporated 
within the host’s genome. 
0143. As used herein, the term “promoter” includes all 
sequences capable of driving transcription of a coding 
sequence in a cell, e.g., a plant cell. Thus, promoters used in 
the constructs of the invention include cis-acting transcrip 
tional control elements and regulatory sequences that are 
involved in regulating or modulating the timing and/or rate 
of transcription of a gene. For example, a promoter can be 
a cis-acting transcriptional control element, including an 
enhancer, a promoter, a transcription terminator, an origin of 
replication, a chromosomal integration sequence, 5' and 3' 
untranslated regions, or an intronic sequence, which are 
involved in transcriptional regulation. These cis-acting 
sequences typically interact with proteins or other biomol 
ecules to carry out (turn on/off, regulate, modulate, etc.) 
transcription. “Constitutive' promoters are those that drive 
expression continuously under most environmental condi 
tions and states of development or cell differentiation. 
“Inducible' or “regulatable promoters direct expression of 
the nucleic acid of the invention under the influence of 
environmental conditions or developmental conditions. 
Examples of environmental conditions that may affect tran 
Scription by inducible promoters include anaerobic condi 
tions, elevated temperature, drought, or the presence of light. 
0144 “Tissue-specific' promoters are transcriptional 
control elements that are only active in particular cells or 
tissues or organs, e.g., in plants or animals. Tissue-specific 
regulation may be achieved by certain intrinsic factors 
which ensure that genes encoding proteins specific to a 
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given tissue are expressed. Such factors are known to exist 
in mammals and plants so as to allow for specific tissues to 
develop. 
(0145 
0146 The present invention provides novel compositions 
and processes for enzymatically treating (e.g., "bleaching) 
chlorophyll-containing compositions such as plants, algae, 
foods or oils. The skilled artisan will recognize that com 
pounds used in the methods of the invention (e.g., catalytic, 
starting or intermediate compounds) can be synthesized 
using a variety of procedures and methodologies, which are 
well described in the Scientific and patent literature., e.g., 
Organic Syntheses Collective Volumes, Gilman et al. (Eds) 
John Wiley & Sons, Inc., NY: Venuti (1989) Pharm Res. 
6:867-873. The invention can be practiced in conjunction 
with any method or protocol known in the art, which are well 
described in the scientific and patent literature. 
0147 The nucleic acids used to practice this invention, 
whether RNA, iRNA, antisense nucleic acid, cDNA, 
genomic DNA, vectors, viruses or hybrids thereof, may be 
isolated from a variety of sources, genetically engineered, 
amplified, and/or expressed/generated recombinantly. 
Recombinant polypeptides (e.g., enzymes of the invention) 
generated from these nucleic acids can be individually 
isolated or cloned and tested for a desired activity. Any 
recombinant expression system can be used, including bac 
terial, mammalian, yeast, insect or plant cell expression 
systems. 
0148 Alternatively, these nucleic acids can be synthe 
sized in vitro by well-known chemical synthesis techniques, 
as described in, e.g., Adams (1983) J. Am. Chem. Soc. 
105:661; Belousov (1997) Nucleic Acids Res. 25:3440 
3444; Frenkel (1995) Free Radic. Biol. Med. 19:373-380; 
Blommers (1994) Biochemistry 33:7886-7896: Narang 
(1979) Meth. Enzymol. 68:90; Brown (1979) Meth. Enzy 
mol. 68:109; Beaucage (1981) Tetra. Lett. 22:1859; U.S. 
Pat. No. 4,458,066. 
0149 Techniques for the manipulation of nucleic acids, 
Such as, e.g., Subcloning, labeling probes (e.g., random 
primer labeling using Klenow polymerase, nick translation, 
amplification), sequencing, hybridization and the like are 
well described in the Scientific and patent literature, see, e.g., 
Sambrook, ed., MOLECULAR CLONING: A LABORA 
TORY MANUAL (2ND ED.), Vols. 1-3, Cold Spring Har 
bor Laboratory, (1989); CURRENT PROTOCOLS IN 
MOLECULAR BIOLOGY, Ausubel, ed. John Wiley & 
Sons, Inc., New York (1997); LABORATORY TECH 
NIQUES IN BIOCHEMISTRY AND MOLECULAR 
BIOLOGY: HYBRIDIZATION WITH NUCLEIC ACID 
PROBES, Part I. Theory and Nucleic Acid Preparation, 
Tijssen, ed. Elsevier, N.Y. (1993). 
0150. Another useful means of obtaining and manipulat 
ing nucleic acids used to practice the methods of the 
invention is to clone from genomic samples, and, if desired, 
screen and re-clone inserts isolated or amplified from, e.g., 
genomic clones or cDNA clones. Sources of nucleic acid 
used in the methods of the invention include genomic or 
cDNA libraries contained in, e.g., mammalian artificial 
chromosomes (MACs), see, e.g., U.S. Pat. Nos. 5,721,118; 
6,025, 155; human artificial chromosomes, see, e.g., Rosen 
feld (1997) Nat. Genet. 15:333-335; yeast artificial chromo 
somes (YAC); bacterial artificial chromosomes (BAC); P1 
artificial chromosomes, see, e.g., Woon (1998) Genomics 
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50:306-316; P1-derived vectors (PACs), see, e.g., Kern 
(1997) Biotechniques 23:120-124; cosmids, recombinant 
viruses, phages or plasmids. 
0151. The present invention provides novel compositions 
and processes for enzymatically treating (e.g., "bleaching) 
chlorophyll-containing compositions such as plants, algae, 
foods or oils. The skilled artisan will recognize that com 
pounds used in the methods of the invention (e.g., catalytic, 
starting or intermediate compounds) can be synthesized 
using a variety of procedures and methodologies, which are 
well described in the Scientific and patent literature., e.g., 
Organic Syntheses Collective Volumes, Gilman et al. (Eds) 
John Wiley & Sons, Inc., NY: Venuti (1989) Pharm Res. 
6:867-873. The invention can be practiced in conjunction 
with any method or protocol known in the art, which are well 
described in the scientific and patent literature. 
0152. In one aspect, a nucleic acid encoding a polypep 
tide of the invention is assembled in appropriate phase with 
a leader sequence capable of directing secretion of the 
translated polypeptide or fragment thereof. 
0153. The invention provides fusion proteins and nucleic 
acids encoding them. A polypeptide of the invention can be 
fused to a heterologous peptide or polypeptide, such as 
N-terminal identification peptides which impart desired 
characteristics, such as increased stability or simplified 
purification. Peptides and polypeptides of the invention can 
also be synthesized and expressed as fusion proteins with 
one or more additional domains linked thereto for, e.g., 
producing a more immunogenic peptide, to more readily 
isolate a recombinantly synthesized peptide, to identify and 
isolate antibodies and antibody-expressing B cells, and the 
like. Detection and purification facilitating domains include, 
e.g., metal chelating peptides such as polyhistidine tracts 
and histidine-tryptophan modules that allow purification on 
immobilized metals, protein A domains that allow purifica 
tion on immobilized immunoglobulin, and the domain uti 
lized in the FLAGS extension/affinity purification system 
(Immunex Corp, Seattle Wash.). The inclusion of a cleavable 
linker sequences such as Factor Xa or enterokinase (Invit 
rogen, San Diego Calif.) between a purification domain and 
the motif-comprising peptide or polypeptide to facilitate 
purification. For example, an expression vector can include 
an epitope-encoding nucleic acid sequence linked to six 
histidine residues followed by a thioredoxin and an enter 
okinase cleavage site (see e.g., Williams (1995) Biochem 
istry 34:1787-1797; Dobeli (1998) Protein Expr. Purif. 
12:404-414). The histidine residues facilitate detection and 
purification while the enterokinase cleavage site provides a 
means for purifying the epitope from the remainder of the 
fusion protein. Technology pertaining to vectors encoding 
fusion proteins and application of fusion proteins are well 
described in the scientific and patent literature, see e.g., 
Kroll (1993) DNA Cell. Biol., 12:441-53. 
0154 Transcriptional and Translational Control 
Sequences 
0155 The invention provides nucleic acid (e.g., DNA) 
sequences of the invention operatively linked to expression 
(e.g., transcriptional or translational) control sequence(s), 
e.g., promoters or enhancers, to direct or modulate RNA 
synthesis/expression. The expression control sequence can 
be in an expression vector. Exemplary bacterial promoters 
include lacI, lacZ, T3, T7, gpt, lambda PR, PL and trp. 
Exemplary eukaryotic promoters include CMV immediate 
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early, HSV thymidine kinase, early and late SV40, LTRs 
from retrovirus, and mouse metallothionein I. 
0156 Promoters suitable for expressing a polypeptide in 
bacteria include the E. coli lac or trp promoters, the lacI 
promoter, the lacz promoter, the T3 promoter, the T7 
promoter, the gpt promoter, the lambda PR promoter, the 
lambda PL promoter, promoters from operons encoding 
glycolytic enzymes Such as 3-phosphoglycerate kinase 
(PGK), and the acid phosphatase promoter. Eukaryotic pro 
moters include the CMV immediate early promoter, the 
HSV thymidine kinase promoter, heat shock promoters, the 
early and late SV40 promoter, LTRs from retroviruses, and 
the mouse metallothionein-I promoter. Other promoters 
known to control expression of genes in prokaryotic or 
eukaryotic cells or their viruses may also be used. Promoters 
Suitable for expressing the polypeptide or fragment thereof 
in bacteria include the E. coli lac or trp promoters, the lacI 
promoter, the lacz promoter, the T3 promoter, the T7 
promoter, the gpt promoter, the lambda PR promoter, the 
lambda PL promoter, promoters from operons encoding 
glycolytic enzymes Such as 3-phosphoglycerate kinase 
(PGK) and the acid phosphatase promoter. Fungal promoters 
include the V factor promoter. Eukaryotic promoters include 
the CMV immediate early promoter, the HSV thymidine 
kinase promoter, heat shock promoters, the early and late 
SV40 promoter, LTRs from retroviruses and the mouse 
metallothionein-I promoter. Other promoters known to con 
trol expression of genes in prokaryotic or eukaryotic cells or 
their viruses may also be used. 
(O157 Tissue-Specific Plant Promoters 
0158. The invention provides expression cassettes that 
can be expressed in a tissue-specific manner, e.g., that can 
express an enzyme of the invention in a tissue-specific 
manner. The invention also provides plants or seeds that 
express an enzyme of the invention in a tissue-specific 
manner. The tissue-specificity can be seed specific, stem 
specific, leaf specific, root specific, fruit specific and the 
like. 

0159. In one aspect, a constitutive promoter such as the 
CaMV 35S promoter can be used for expression in specific 
parts of the plant or seed or throughout the plant. For 
example, for overexpression, a plant promoter fragment can 
be employed which will direct expression of a nucleic acid 
in Some or all tissues of a plant, e.g., a regenerated plant. 
Such promoters are referred to herein as “constitutive' 
promoters and are active under most environmental condi 
tions and states of development or cell differentiation. 
Examples of constitutive promoters include the cauliflower 
mosaic virus (CaMV) 35S transcription initiation region, the 
1'- or 2'-promoter derived from T-DNA of Agrobacterium 
tumefaciens, and other transcription initiation regions from 
various plant genes known to those of skill. Such genes 
include, e.g., ACT11 from Arabidopsis (Huang (1996) Plant 
Mol Biol 33:125-139); Cat3 from Arabidopsis (GenBank 
No. U43147, Zhong (1996) Mol. Gen. Genet. 251:196-203); 
the gene encoding Stearoyl-acyl carrier protein desaturase 
from Brassica napus (Genbank No. X74782, Solocombe 
(1994) Plant Physiol. 104:1167-1176); GPc1 from maize 
(GenBank No. X15596: Martinez (1989) J. Mol. Biol. 
208:551-565); the Gpc2 from maize (GenBank No. U45855, 
Manjunath (1997) Plant Mol. Biol. 33:97-112); plant pro 
moters described in U.S. Pat. Nos. 4,962,028; 5,633,440. 
0160 The invention uses tissue-specific or constitutive 
promoters derived from viruses which can include, e.g., the 
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tobamovirus subgenomic promoter (Kumagai (1995) Proc. 
Natl. Acad. Sci. USA 92:1679-1683; the rice tungro bacil 
liform virus (RTBV), which replicates only in phloem cells 
in infected rice plants, with its promoter which drives strong 
phloem-specific reporter gene expression; the cassava vein 
mosaic virus (CVMV) promoter, with highest activity in 
vascular elements, in leaf mesophyll cells, and in root tips 
(Verdaguer (1996) Plant Mol. Biol. 31:1129-1139). 
0.161 Alternatively, the plant promoter may direct 
expression of enzyme-expressing nucleic acid in a specific 
tissue, organ or cell type (i.e. tissue-specific promoters) or 
may be otherwise under more precise environmental or 
developmental control or under the control of an inducible 
promoter. Examples of environmental conditions that may 
affect transcription include anaerobic conditions, elevated 
temperature, the presence of light, or sprayed with chemi 
cals/hormones. For example, the invention incorporates the 
drought-inducible promoter of maize (Busk (1997) supra); 
the cold, drought, and high salt inducible promoter from 
potato (Kirch (1997) Plant Mol. Biol. 33:897909). 
0162 Tissue-specific promoters can promote transcrip 
tion only within a certain time frame of developmental stage 
within that tissue. See, e.g., Blazquez (1998) Plant Cell 
10:791-800, characterizing the Arabidopsis LEAFY gene 
promoter. See also Cardon (1997) Plant J 12:367-77, 
describing the transcription factor SPL3, which recognizes a 
conserved sequence motif in the promoter region of the A. 
thaliana floral meristem identity gene AP1; and Mandel 
(1995) Plant Molecular Biology, Vol. 29, pp. 995-1004, 
describing the meristem promoter eIF4. Tissue specific 
promoters which are active throughout the life cycle of a 
particular tissue can be used. In one aspect, the nucleic acids 
of the invention are operably linked to a promoter active 
primarily only in cotton fiber cells. In one aspect, the nucleic 
acids of the invention are operably linked to a promoter 
active primarily during the stages of cotton fiber cell elon 
gation, e.g., as described by Rinehart (1996) supra. The 
nucleic acids can be operably linked to the Fbl2A gene 
promoter to be preferentially expressed in cotton fiber cells 
(Ibid). See also, John (1997) Proc. Natl. Acad. Sci. USA 
89:5769-5773: John, et al., U.S. Pat. Nos. 5,608,148 and 
5,602,321, describing cotton fiber-specific promoters and 
methods for the construction of transgenic cotton plants. 
Root-specific promoters may also be used to express the 
nucleic acids of the invention. Examples of root-specific 
promoters include the promoter from the alcohol dehydro 
genase gene (DeLisle (1990) Int. Rev. Cytol. 123:39-60). 
Other promoters that can be used to express the nucleic acids 
of the invention include, e.g., ovule-specific, embryo-spe 
cific, endosperm-specific, integument-specific, seed coat 
specific promoters, or some combination thereof a leaf 
specific promoter (see, e.g., Busk (1997) Plant J. 11:1285 
1295, describing a leaf-specific promoter in maize); the 
ORF13 promoter from Agrobacterium rhizogenes (which 
exhibits high activity in roots, see, e.g., Hansen (1997) 
Supra); a maize pollen specific promoter (see, e.g., Guerrero 
(1990) Mol. Gen. Genet. 224:161 168); a tomato promoter 
active during fruit ripening, senescence and abscission of 
leaves and, to a lesser extent, of flowers can be used (see, 
e.g., Blume (1997) Plant J. 12:731 746); a pistil-specific 
promoter from the potato SK2 gene (see, e.g., Ficker (1997) 
Plant Mol. Biol. 35:425 431); the Blec4 gene from pea, 
which is active in epidermal tissue of vegetative and floral 
shoot apices of transgenic alfalfa making it a useful tool to 
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target the expression of foreign genes to the epidermal layer 
of actively growing shoots or fibers; the ovule-specific 
BEL1 gene (see, e.g., Reiser (1995) Cell 83:735-742, Gen 
Bank No. U39944); and/or, the promoter in Klee, U.S. Pat. 
No. 5,589,583, describing a plant promoter region is capable 
of conferring high levels of transcription in meristematic 
tissue and/or rapidly dividing cells. 
0163 Alternatively, plant promoters which are inducible 
upon exposure to plant hormones, such as auxins, are used 
to express the nucleic acids of the invention. For example, 
the invention can use the auxin-response elements E1 pro 
moter fragment (AuXREs) in the Soybean (Glycine max L.) 
(Liu (1997) Plant Physiol. 115:397–407); the auxin-respon 
sive Arabidopsis GST6 promoter (also responsive to sali 
cylic acid and hydrogen peroxide) (Chen (1996) Plant J. 10: 
955-966); the auxin-inducible parC promoter from tobacco 
(Sakai (1996) 37:906-913); a plant biotin response element 
(Streit (1997) Mol. Plant. Microbe Interact. 10:933-937): 
and, the promoter responsive to the stress hormone abscisic 
acid (Sheen (1996) Science 274: 1900-1902). 
0164. The nucleic acids of the invention can also be 
operably linked to plant promoters which are inducible upon 
exposure to chemicals reagents which can be applied to the 
plant, Such as herbicides or antibiotics. For example, the 
maize In2-2 promoter, activated by benzenesulfonamide 
herbicide safeners, can be used (De Veylder (1997) Plant 
Cell Physiol. 38:568-577); application of different herbicide 
safeners induces distinct gene expression patterns, including 
expression in the root, hydathodes, and the shoot apical 
meristem. Coding sequence can be under the control of e.g., 
a tetracycline-inducible promoter, e.g., as described with 
transgenic tobacco plants containing the Avena sativa L. 
(oat) arginine decarboxylase gene (Masgrau (1997) Plant J. 
11:465-473); or, a salicylic acid-responsive element (Stange 
(1997) Plant J. 11:1315-1324). Using chemically—(e.g., 
hormone- or pesticide-) induced promoters, i.e., promoter 
responsive to a chemical which can be applied to the 
transgenic plant in the field, expression of a polypeptide of 
the invention can be induced at a particular stage of devel 
opment of the plant. Thus, the invention also provides for 
transgenic plants containing an inducible gene encoding for 
polypeptides of the invention whose host range is limited to 
target plant species, such as corn, rice, barley, wheat, potato 
or other crops, inducible at any stage of development of the 
crop. 
0.165. One of skill will recognize that a tissue-specific 
plant promoter may drive expression of operably linked 
sequences in tissues other than the target tissue. Thus, a 
tissue-specific promoter is one that drives expression pref 
erentially in the target tissue or cell type, but may also lead 
to Some expression in other tissues as well. 
0166 The nucleic acids of the invention can also be 
operably linked to plant promoters which are inducible upon 
exposure to chemicals reagents. These reagents include, e.g., 
herbicides, synthetic auxins, or antibiotics which can be 
applied, e.g., sprayed, onto transgenic plants. Inducible 
expression of the enzyme-producing nucleic acids of the 
invention will allow the grower to select plants with the 
optimal enzyme expression and/or activity. The develop 
ment of plant parts can thus controlled. In this way the 
invention provides the means to facilitate the harvesting of 
plants and plant parts. For example, in various embodi 
ments, the maize In2-2 promoter, activated by benzene 
sulfonamide herbicide safeners, is used (De Veylder (1997) 
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Plant Cell Physiol. 38:568-577): application of different 
herbicide Safeners induces distinct gene expression patterns, 
including expression in the root, hydathodes, and the shoot 
apical meristem. Coding sequences of the invention are also 
under the control of a tetracycline-inducible promoter, e.g., 
as described with transgenic tobacco plants containing the 
Avena sativa L. (oat) arginine decarboxylase gene (Masgrau 
(1997) Plant J. 11:465-473); or, a salicylic acid-responsive 
element (Stange (1997) Plant J. 11:1315-1324). 
0167. In some aspects, proper polypeptide expression 
may require polyadenylation region at the 3'-end of the 
coding region. The polyadenylation region can be derived 
from the natural gene, from a variety of other plant (or 
animal or other) genes, or from genes in the Agrobacterial 
T-DNA 
0.168. The term “plant” includes whole plants, plant parts 
(e.g., leaves, stems, flowers, roots, etc.), plant protoplasts, 
seeds and plant cells and progeny of same. The class of 
plants which can be used in the method of the invention is 
generally as broad as the class of higher plants amenable to 
transformation techniques, including angiosperms (mono 
cotyledonous and dicotyledonous plants), as well as gym 
nosperms. It includes plants of a variety of ploidy levels, 
including polyploid, diploid, haploid and hemizygous states. 
As used herein, the term “transgenic plant' includes plants 
or plant cells into which a heterologous nucleic acid 
sequence has been inserted, e.g., the nucleic acids and 
various recombinant constructs (e.g., expression cassettes) 
of the invention. 
0169 Expression Vectors and Cloning Vehicles 
0170 The invention provides expression vectors and 
cloning vehicles comprising nucleic acids of the invention, 
e.g., sequences encoding the enzymes of the invention. 
Expression vectors and cloning vehicles of the invention can 
comprise viral particles, baculovirus, phage, plasmids, 
phagemids, cosmids, fosmids, bacterial artificial chromo 
Somes, viral DNA (e.g., vaccinia, adenovirus, foul pox virus, 
pseudorabies and derivatives of SV40), P1-based artificial 
chromosomes, yeast plasmids, yeast artificial chromosomes, 
and any other vectors specific for specific hosts of interest 
(such as Bacillus, Aspergillus and yeast). Vectors of the 
invention can include chromosomal, non-chromosomal and 
synthetic DNA sequences. Large numbers of Suitable vec 
tors are known to those of skill in the art, and are commer 
cially available. Exemplary vectors are include: bacterial: 
pOE vectors (Qiagen), pBluescript plasmids, pNH vectors, 
(lambda-ZAP vectors (Stratagene); ptrc99a, pKK223-3, 
pDR540, pRIT2T (Pharmacia); Eukaryotic: pXT1, pSG5 
(Stratagene), pSVK3, pBPV, pMSG, pSVLSV40 (Pharma 
cia). However, any other plasmid or other vector may be 
used so long as they are replicable and viable in the host. 
Low copy number or high copy number vectors may be 
employed with the present invention. 
0171 “Plasmids’ can be commercially available, pub 
licly available on an unrestricted basis, or can be constructed 
from available plasmids in accord with published proce 
dures. Equivalent plasmids to those described herein are 
known in the art and will be apparent to the ordinarily skilled 
artisan. 
0172. The expression vector can comprise a promoter, a 
ribosome binding site for translation initiation and a tran 
Scription terminator. The vector may also include appropri 
ate sequences for amplifying expression. Mammalian 
expression vectors can comprise an origin of replication, any 
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necessary ribosome binding sites, a polyadenylation site, 
splice donor and acceptor sites, transcriptional termination 
sequences, and 5' flanking non-transcribed sequences. In 
some aspects, DNA sequences derived from the SV40 splice 
and polyadenylation sites may be used to provide the 
required non-transcribed genetic elements. 
0173. In one aspect, the expression vectors contain one or 
more selectable marker genes to permit selection of host 
cells containing the vector. Such selectable markers include 
genes encoding dihydrofolate reductase or genes conferring 
neomycin resistance for eukaryotic cell culture, genes con 
ferring tetracycline or amplicillin resistance in E. coli, and 
the S. cerevisiae TRP1 gene. Promoter regions can be 
selected from any desired gene using chloramphenicol trans 
ferase (CAT) vectors or other vectors with selectable mark 
CS 

0.174 Vectors for expressing the polypeptide or fragment 
thereof in eukaryotic cells can also contain enhancers to 
increase expression levels. Enhancers are cis-acting ele 
ments of DNA, usually from about 10 to about 300 bp in 
length that act on a promoter to increase its transcription. 
Examples include the SV40 enhancer on the late side of the 
replication origin bp 100 to 270, the cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late side of 
the replication origin, and the adenovirus enhancers. 
0.175. A nucleic acid sequence can be inserted into a 
vector by a variety of procedures. In general, the sequence 
is ligated to the desired position in the vector following 
digestion of the insert and the vector with appropriate 
restriction endonucleases. Alternatively, blunt ends in both 
the insert and the vector may be ligated. A variety of cloning 
techniques are known in the art, e.g., as described in Ausubel 
and Sambrook. Such procedures and others are deemed to be 
within the scope of those skilled in the art. 
0176 The vector can be in the form of a plasmid, a viral 
particle, or a phage. Other vectors include chromosomal, 
non-chromosomal and synthetic DNA sequences, deriva 
tives of SV40; bacterial plasmids, phage DNA, baculovirus, 
yeast plasmids, vectors derived from combinations of plas 
mids and phage DNA, viral DNA such as vaccinia, aden 
ovirus, fowl pox virus, and pseudorabies. A variety of 
cloning and expression vectors for use with prokaryotic and 
eukaryotic hosts are described by, e.g., Sambrook. 
0177 Particular bacterial vectors which can be used 
include the commercially available plasmids comprising 
genetic elements of the well known cloning vector pBR322 
(ATCC 37017), pKK223-3 (Pharmacia Fine Chemicals, 
Uppsala, Sweden), GEM1 (Promega Biotec, Madison, Wis., 
USA) pOE70, pGE60, pGE-9 (Qiagen), pID10, psiX174 
pBluescript II KS, pNH8A, pNH16a, pNH18A, pNH46A 
(Stratagene), ptrc99a, pKK223-3, pKK233-3, DR540, 
pRIT5 (Pharmacia), pKK232-8 and pCM7. Particular 
eukaryotic vectors include pSV2CAT, pOG44, pXT1, pSG 
(Stratagene) pSVK3, pBPV, pMSG, and pSVL (Pharmacia). 
However, any other vector may be used as long as it is 
replicable and viable in the host cell. 
0.178 The nucleic acids of the invention can be expressed 
in expression cassettes, vectors or viruses and transiently or 
stably expressed in plant cells and seeds. One exemplary 
transient expression system uses episomal expression sys 
tems, e.g., cauliflower mosaic virus (CaMV) viral RNA 
generated in the nucleus by transcription of an episomal 
mini-chromosome containing Supercoiled DNA, see, e.g., 
Covey (1990) Proc. Natl. Acad. Sci. USA 87: 1633-1637. 
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Alternatively, coding sequences, i.e., all or Sub-fragments of 
sequences of the invention can be inserted into a plant host 
cell genome becoming an integral part of the host chromo 
Somal DNA. Sense or antisense transcripts can be expressed 
in this manner. A vector comprising the sequences (e.g., 
promoters or coding regions) from nucleic acids of the 
invention can comprise a marker gene that confers a select 
able phenotype on a plant cell or a seed. For example, the 
marker may encode biocide resistance, particularly antibi 
otic resistance, Such as resistance to kanamycin, G418, 
bleomycin, hygromycin, or herbicide resistance, such as 
resistance to chlorosulfuron or Basta. 
0179 Expression vectors capable of expressing nucleic 
acids and proteins in plants are well known in the art, and 
can include, e.g., vectors from Agrobacterium spp., potato 
virus X (see, e.g., Angell (1997) EMBO J. 16:3675-3684), 
tobacco mosaic virus (see, e.g., Casper (1996) Gene 173: 
69-73), tomato bushy stunt virus (see, e.g., Hillman (1989) 
Virology 169:42-50), tobacco etch virus (see, e.g., Dolja 
(1997) Virology 234:243-252), bean golden mosaic virus 
(see, e.g., Morinaga (1993) Microbiol Immunol. 37:471 
476), cauliflower mosaic virus (see, e.g., Cecchini (1997) 
Mol. Plant. Microbe Interact. 10:1094-1101), maize Ac/Ds 
transposable element (see, e.g., Rubin (1997) Mol. Cell. 
Biol. 17:6294-6302; Kunze (1996) Curr. Top. Microbiol. 
Immunol. 204:161-194), and the maize suppressor-mutator 
(Spm) transposable element (see, e.g., Schlappi (1996) Plant 
Mol. Biol. 32:717-725); and derivatives thereof. 
0180. In one aspect, the expression vector can have two 
replication systems to allow it to be maintained in two 
organisms, for example in mammalian or insect cells for 
expression and in a prokaryotic host for cloning and ampli 
fication. Furthermore, for integrating expression vectors, the 
expression vector can contain at least one sequence homolo 
gous to the host cell genome. It can contain two homologous 
sequences which flank the expression construct. The inte 
grating vector can be directed to a specific locus in the host 
cell by selecting the appropriate homologous sequence for 
inclusion in the vector. Constructs for integrating vectors are 
well known in the art. 

0181 Expression vectors of the invention may also 
include a selectable marker gene to allow for the selection of 
bacterial strains that have been transformed, e.g., genes 
which render the bacteria resistant to drugs such as ampi 
cillin, chloramphenicol, erythromycin, kanamycin, neomy 
cin and tetracycline. Selectable markers can also include 
biosynthetic genes, such as those in the histidine, tryptophan 
and leucine biosynthetic pathways. 
0182. The DNA sequence in the expression vector is 
operatively linked to an appropriate expression control 
sequence(s) (promoter) to direct RNA synthesis. Particular 
named bacterial promoters include lacI, lac7, T3, T7, gpt, 
lambda P, P, and trp. Eukaryotic promoters include CMV 
immediate early, HSV thymidine kinase, early and late 
SV40, LTRs from retrovirus and mouse metallothionein-I. 
Selection of the appropriate vector and promoter is well 
within the level of ordinary skill in the art. The expression 
vector also contains a ribosome binding site for translation 
initiation and a transcription terminator. The vector may also 
include appropriate sequences for amplifying expression. 
Promoter regions can be selected from any desired gene 
using chloramphenicol transferase (CAT) vectors or other 
vectors with selectable markers. In addition, the expression 
vectors in one aspect contain one or more selectable marker 



US 2008/0070291 A1 

genes to provide a phenotypic trait for selection of trans 
formed host cells such as dihydrofolate reductase or neo 
mycin resistance for eukaryotic cell culture, or Such as 
tetracycline or amplicillin resistance in E. coli. 
0183 Mammalian expression vectors may also comprise 
an origin of replication, any necessary ribosome binding 
sites, a polyadenylation site, splice donor and acceptor sites, 
transcriptional termination sequences and 5' flanking non 
transcribed sequences. In some aspects, DNA sequences 
derived from the SV40 splice and polyadenylation sites may 
be used to provide the required nontranscribed genetic 
elements. 
0184 Vectors for expressing the polypeptide or fragment 
thereof in eukaryotic cells may also contain enhancers to 
increase expression levels. Enhancers are cis-acting ele 
ments of DNA, usually from about 10 to about 300 bp in 
length that act on a promoter to increase its transcription. 
Examples include the SV40 enhancer on the late side of the 
replication origin bp 100 to 270, the cytomegalovirus early 
promoter enhancer, the polyoma enhancer on the late side of 
the replication origin and the adenovirus enhancers. 
0185. In addition, the expression vectors typically con 
tain one or more selectable marker genes to permit selection 
of host cells containing the vector. Such selectable markers 
include genes encoding dihydrofolate reductase or genes 
conferring neomycin resistance for eukaryotic cell culture, 
genes conferring tetracycline or amplicillin resistance in E. 
coli and the S. cerevisiae TRP1 gene. 
0186. In some aspects, the nucleic acid encoding one of 
the polypeptides of the invention, or fragments comprising 
at least about 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 
150 consecutive amino acids thereof is assembled in appro 
priate phase with a leader sequence capable of directing 
secretion of the translated polypeptide or fragment thereof. 
Optionally, the nucleic acid can encode a fusion polypeptide 
in which one of the polypeptides of the invention, or 
fragments comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 
50, 75, 100, or 150 consecutive amino acids thereof is fused 
to heterologous peptides or polypeptides, such as N-terminal 
identification peptides which impart desired characteristics, 
Such as increased Stability or simplified purification. 
0187. The appropriate DNA sequence may be inserted 
into the vector by a variety of procedures. In general, the 
DNA sequence is ligated to the desired position in the vector 
following digestion of the insert and the vector with appro 
priate restriction endonucleases. Alternatively, blunt ends in 
both the insert and the vector may be ligated. A variety of 
cloning techniques are disclosed in Ausubel et al. Current 
Protocols in Molecular Biology, John Wiley 503 Sons, Inc. 
1997 and Sambrook et al., Molecular Cloning: A Laboratory 
Manual 2nd Ed., Cold Spring Harbor Laboratory Press 
(1989. Such procedures and others are deemed to be within 
the scope of those skilled in the art. 
0188 The vector may be, for example, in the form of a 
plasmid, a viral particle, or a phage. Other vectors include 
chromosomal, nonchromosomal and synthetic DNA 
sequences, derivatives of SV40; bacterial plasmids, phage 
DNA, baculovirus, yeast plasmids, vectors derived from 
combinations of plasmids and phage DNA, viral DNA such 
as vaccinia, adenovirus, fowlpox virus and pseudorabies. A 
variety of cloning and expression vectors for use with 
prokaryotic and eukaryotic hosts are described by Sam 
brook, et al., Molecular Cloning. A Laboratory Manual 2nd 
Ed., Cold Spring Harbor, N.Y., (1989). 
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(0189 Host Cells and Transformed Cells 
0190. The invention also provides a transformed cell 
comprising a nucleic acid sequence of the invention, e.g., a 
sequence encoding an enzyme of the invention, or a vector 
of the invention. The host cell may be any of the host cells 
familiar to those skilled in the art, including prokaryotic 
cells, eukaryotic cells, such as bacterial cells, fungal cells, 
yeast cells, mammalian cells, insect cells, or plant cells. 
Exemplary bacterial cells include E. coli, Lactococcus lac 
tis, Streptomyces, Bacillus subtilis, Bacillus cereus, Salmo 
nella typhimurium or any species within the genera Bacillus, 
Streptomyces and Staphylococcus. Exemplary insect cells 
include Drosophila S2 and Spodoptera Sf9. Exemplary 
yeast cells include Pichia pastoris, Saccharomyces cerevi 
siae or Schizosaccharomyces pombe. Exemplary animal 
cells include CHO, COS or Bowes melanoma or any mouse 
or human cell line. The selection of an appropriate host is 
within the abilities of those skilled in the art. Techniques for 
transforming a wide variety of higher plant species are well 
known and described in the technical and scientific litera 
ture. See, e.g., Weising (1988) Ann. Rev. Genet. 22:421-477; 
U.S. Pat. No. 5,750,870. 
(0191 The vector can be introduced into the host cells 
using any of a variety of techniques, including transforma 
tion, transfection, transduction, viral infection, gene guns, or 
Ti-mediated gene transfer. Particular methods include cal 
cium phosphate transfection, DEAE-Dextran mediated 
transfection, lipofection, or electroporation (Davis, L., Dib 
ner, M. Battey, I., Basic Methods in Molecular Biology, 
(1986)). 
0.192 In one aspect, the nucleic acids or vectors of the 
invention are introduced into the cells for Screening, thus, 
the nucleic acids enter the cells in a manner suitable for 
Subsequent expression of the nucleic acid. The method of 
introduction is largely dictated by the targeted cell type. 
Exemplary methods include CaPO precipitation, liposome 
fusion, lipofection (e.g., LIPOFECTINTM), electroporation, 
viral infection, etc. The candidate nucleic acids may stably 
integrate into the genome of the host cell (for example, with 
retroviral introduction) or may exist either transiently or 
stably in the cytoplasm (i.e. through the use of traditional 
plasmids, utilizing standard regulatory sequences, selection 
markers, etc.). As many pharmaceutically important screens 
require human or model mammalian cell targets, retroviral 
vectors capable of transfecting Such targets can be used. 
0193 Where appropriate, the engineered host cells can be 
cultured in conventional nutrient media modified as appro 
priate for activating promoters, selecting transformants or 
amplifying the genes of the invention. Following transfor 
mation of a Suitable host strain and growth of the host strain 
to an appropriate cell density, the selected promoter may be 
induced by appropriate means (e.g., temperature shift or 
chemical induction) and the cells may be cultured for an 
additional period to allow them to produce the desired 
polypeptide or fragment thereof. 
0194 Cells can be harvested by centrifugation, disrupted 
by physical or chemical means, and the resulting crude 
extract is retained for further purification. Microbial cells 
employed for expression of proteins can be disrupted by any 
convenient method, including freeze-thaw cycling, Sonica 
tion, mechanical disruption, or use of cell lysing agents. 
Such methods are well known to those skilled in the art. The 
expressed polypeptide or fragment thereof can be recovered 
and purified from recombinant cell cultures by methods 
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including ammonium sulfate or ethanol precipitation, acid 
extraction, anion or cation exchange chromatography, phos 
phocellulose chromatography, hydrophobic interaction 
chromatography, affinity chromatography, hydroxylapatite 
chromatography and lectin chromatography. Protein refold 
ing steps can be used, as necessary, in completing configu 
ration of the polypeptide. If desired, high performance liquid 
chromatography (HPLC) can be employed for final purifi 
cation steps. 
0195 The constructs in host cells can be used in a 
conventional manner to produce the gene product encoded 
by the recombinant sequence. Depending upon the host 
employed in a recombinant production procedure, the 
polypeptides produced by host cells containing the vector 
may be glycosylated or may be non-glycosylated. Polypep 
tides of the invention may or may not also include an initial 
methionine amino acid residue. 
0196. Cell-free translation systems can also be employed 

to produce a polypeptide of the invention. Cell-free trans 
lation systems can use mRNAs transcribed from a DNA 
construct comprising a promoter operably linked to a nucleic 
acid encoding the polypeptide or fragment thereof. In some 
aspects, the DNA construct may be linearized prior to 
conducting an in vitro transcription reaction. The transcribed 
mRNA is then incubated with an appropriate cell-free trans 
lation extract, Such as a rabbit reticulocyte extract, to pro 
duce the desired polypeptide or fragment thereof. 
0197) The expression vectors can contain one or more 
selectable marker genes to provide a phenotypic trait for 
selection of transformed host cells such as dihydrofolate 
reductase or neomycin resistance for eukaryotic cell culture, 
or Such as tetracycline or amplicillin resistance in E. coli. 
0198 Host cells containing the polynucleotides of inter 

est, e.g., nucleic acids of the invention, can be cultured in 
conventional nutrient media modified as appropriate for 
activating promoters, selecting transformants or amplifying 
genes. The culture conditions, such as temperature, pH and 
the like, are those previously used with the host cell selected 
for expression and will be apparent to the ordinarily skilled 
artisan. The clones which are identified as having the 
specified enzyme activity may then be sequenced to identify 
the polynucleotide sequence encoding an enzyme having the 
enhanced activity. 
0199 The invention provides a method for overexpress 
ing a recombinant enzyme in a cell comprising expressing a 
vector comprising a nucleic acid of the invention, e.g., a 
nucleic acid comprising a nucleic acid sequence with at least 
about 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 
59%, 60%, 61%, 62%, 63%, 64%. 65%, 66%, 67%, 68%, 
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99%, or more sequence identity to an exemplary sequence of 
the invention over a region of at least about 50, 75, 100, 150, 
200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 
800, 850, 900, 950, 1000, 1050, 1100, 1150 or more resi 
dues, or the full length of a gene or a transcript, wherein the 
sequence identities are determined by analysis with a 
sequence comparison algorithm or by visual inspection, or, 
a nucleic acid that hybridizes under stringent conditions to 
a nucleic acid sequence of the invention. The overexpression 
can be effected by any means, e.g., use of a high activity 
promoter, a dicistronic vector or by gene amplification of the 
Vector. 
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0200. The nucleic acids of the invention can be 
expressed, or overexpressed, in any in vitro or in vivo 
expression system. Any cell culture systems can be 
employed to express, or over-express, recombinant protein, 
including bacterial, insect, yeast, fungal or mammalian 
cultures. Over-expression can be effected by appropriate 
choice of promoters, enhancers, vectors (e.g., use of replicon 
vectors, dicistronic vectors (see, e.g., Gurtu (1996) Bio 
chem. Biophys. Res. Commun. 229:295-8), media, culture 
systems and the like. In one aspect, gene amplification using 
Selection markers, e.g., glutamine Synthetase (see, e.g., 
Sanders (1987) Dev. Biol. Stand. 66:55-63), in cell systems 
are used to overexpress the polypeptides of the invention. 
0201 The host cell may be any of the host cells familiar 
to those skilled in the art, including prokaryotic cells, 
eukaryotic cells, mammalian cells, insect cells, or plant 
cells. As representative examples of appropriate hosts, there 
may be mentioned: bacterial cells, such as E. coli, Strepto 
myces, Bacillus subtilis, Salmonella typhimurium and vari 
ous species within the genera Streptomyces and Staphyllo 
coccus, fungal cells, such as yeast, insect cells such as 
Drosophila S2 and Spodoptera Sf9, animal cells such as 
CHO, COS or Bowes melanoma and adenoviruses. The 
selection of an appropriate host is within the abilities of 
those skilled in the art. 
0202 The vector may be introduced into the host cells 
using any of a variety of techniques, including transforma 
tion, transfection, transduction, viral infection, gene guns, or 
Ti-mediated gene transfer. Particular methods include cal 
cium phosphate transfection, DEAE-Dextran mediated 
transfection, lipofection, or electroporation (Davis, L., Dib 
ner, M., Battey, I., Basic Methods in Molecular Biology, 
(1986)). 
0203 Where appropriate, the engineered host cells can be 
cultured in conventional nutrient media modified as appro 
priate for activating promoters, selecting transformants or 
amplifying the genes of the invention. Following transfor 
mation of a Suitable host strain and growth of the host strain 
to an appropriate cell density, the selected promoter may be 
induced by appropriate means (e.g., temperature shift or 
chemical induction) and the cells may be cultured for an 
additional period to allow them to produce the desired 
polypeptide or fragment thereof. 
0204 Cells are typically harvested by centrifugation, 
disrupted by physical or chemical means and the resulting 
crude extract is retained for further purification. Microbial 
cells employed for expression of proteins can be disrupted 
by any convenient method, including freeze-thaw cycling, 
Sonication, mechanical disruption, or use of cell lysing 
agents. Such methods are well known to those skilled in the 
art. The expressed polypeptide or fragment thereof can be 
recovered and purified from recombinant cell cultures by 
methods including ammonium sulfate or ethanol precipita 
tion, acid extraction, anion or cation exchange chromatog 
raphy, phosphocellulose chromatography, hydrophobic 
interaction chromatography, affinity chromatography, 
hydroxylapatite chromatography and lectin chromatogra 
phy. Protein refolding steps can be used, as necessary, in 
completing configuration of the polypeptide. If desired, high 
performance liquid chromatography (HPLC) can be 
employed for final purification steps. 
0205 Various mammalian cell culture systems can also 
be employed to express recombinant protein. Examples of 
mammalian expression systems include the COS-7 lines of 
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monkey kidney fibroblasts (described by Gluzman, Cell, 
23:175, 1981) and other cell lines capable of expressing 
proteins from a compatible vector, such as the C127, 3T3, 
CHO, HeLa and BHK cell lines. 
0206. The constructs in host cells can be used in a 
conventional manner to produce the gene product encoded 
by the recombinant sequence. Depending upon the host 
employed in a recombinant production procedure, the 
polypeptides produced by host cells containing the vector 
may be glycosylated or may be non-glycosylated. Polypep 
tides of the invention may or may not also include an initial 
methionine amino acid residue. 
0207 Alternatively, the polypeptides of the invention, or 
fragments comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 
50, 75, 100, or 150 or more consecutive amino acids thereof 
can be synthetically produced by conventional peptide Syn 
thesizers. In other aspects, fragments or portions of the 
polypeptides may be employed for producing the corre 
sponding full-length polypeptide by peptide synthesis; 
therefore, the fragments may be employed as intermediates 
for producing the full-length polypeptides. 
0208 Cell-free translation systems can also be employed 
to produce one of the polypeptides of the invention, or 
fragments comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 
50, 75, 100, or 150 consecutive amino acids thereof using 
mRNAs transcribed from a DNA construct comprising a 
promoter operably linked to a nucleic acid encoding the 
polypeptide or fragment thereof. In some aspects, the DNA 
construct may be linearized prior to conducting an in vitro 
transcription reaction. The transcribed mRNA is then incu 
bated with an appropriate cell-free translation extract, Such 
as a rabbit reticulocyte extract, to produce the desired 
polypeptide or fragment thereof. 
0209 Amplification of Nucleic Acids 
0210. In practicing the invention, nucleic acids of the 
invention and nucleic acids encoding enzymes of the inven 
tion, or modified nucleic acids of the invention, can be 
reproduced by amplification. Amplification can also be used 
to clone or modify the nucleic acids of the invention. Thus, 
the invention provides amplification primer sequence pairs 
for amplifying nucleic acids of the invention. One of skill in 
the art can design amplification primer sequence pairs for 
any part of or the full length of these sequences. 
0211. In one aspect, the invention provides a nucleic acid 
amplified by a primer pair of the invention, e.g., a primer 
pair as set forth by about the first (the 5') 12, 13, 14, 15, 16, 
17, 18, 19, 20, 21, 22, 23, 24, or 25 residues of a nucleic acid 
of the invention, and about the first (the 5') 15, 16, 17, 18, 
19, 20, 21, 22, 23, 24, or 25 residues of the complementary 
Strand. 
0212. The invention provides an amplification primer 
sequence pair for amplifying a nucleic acid encoding a 
polypeptide having an enzyme activity, wherein the primer 
pair is capable of amplifying a nucleic acid comprising a 
sequence of the invention, or fragments or Subsequences 
thereof. One or each member of the amplification primer 
sequence pair can comprise an oligonucleotide comprising 
at least about 10 to 50 consecutive bases of the sequence, or 
about 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, or 25 
consecutive bases of the sequence. The invention provides 
amplification primer pairs, wherein the primer pair com 
prises a first member having a sequence as set forth by about 
the first (the 5') 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 
24, or 25 residues of a nucleic acid of the invention, and a 
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second member having a sequence as set forth by about the 
first (the 5') 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 
or 25 residues of the complementary strand of the first 
member. The invention provides enzyme-encoding nucleic 
acids generated by amplification, e.g., polymerase chain 
reaction (PCR), using an amplification primer pair of the 
invention. The invention provides methods of making 
enzyme-encoding nucleic acids by amplification, e.g., poly 
merase chain reaction (PCR), using an amplification primer 
pair of the invention. In one aspect, the amplification primer 
pair amplifies a nucleic acid from a library, e.g., a gene 
library, such as an environmental library. 
0213 Amplification reactions can also be used to quan 
tify the amount of nucleic acid in a sample (such as the 
amount of message in a cell sample), label the nucleic acid 
(e.g., to apply it to an array or a blot), detect the nucleic acid, 
or quantify the amount of a specific nucleic acid in a sample. 
In one aspect of the invention, message isolated from a cell 
or a cDNA library are amplified. 
0214. The skilled artisan can select and design suitable 
oligonucleotide amplification primers. Amplification meth 
ods are also well known in the art, and include, e.g., 
polymerase chain reaction, PCR (see, e.g., PCR PROTO 
COLS, A GUIDE TO METHODS AND APPLICATIONS, 
ed. Innis, Academic Press, N.Y. (1990) and PCR STRATE 
GIES (1995), ed. Innis, Academic Press, Inc., N.Y., ligase 
chain reaction (LCR) (see, e.g., Wu (1989) Genomics 4:560; 
Landegren (1988) Science 241:1077; Barringer (1990) Gene 
89:117); transcription amplification (see, e.g., Kwoh (1989) 
Proc. Natl. Acad. Sci. USA 86: 1173); and, self-sustained 
sequence replication (see, e.g., Guatelli (1990) Proc. Natl. 
Acad. Sci. USA 87: 1874); Q Beta replicase amplification 
(see, e.g., Smith (1997) J. Clin. Microbiol. 35:1477-1491), 
automated Q-beta replicase amplification assay (see, e.g., 
Burg (1996) Mol. Cell. Probes 10:257-271) and other RNA 
polymerase mediated techniques (e.g., NASBA, Cangene, 
Mississauga, Ontario); see also Berger (1987) Methods 
Enzymol. 152:307-316; Sambrook: Ausubel; U.S. Pat. Nos. 
4,683,195 and 4,683.202: Sooknanan (1995) Biotechnology 
13:563-564. 

Determining the Degree of Sequence Identity 

0215. The invention provides nucleic acids comprising 
sequences having at least about 50%, 51%, 52%. 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, or more, or complete (100%) 
sequence identity to an exemplary nucleic acid of the 
invention (e.g., SEQ ID NO:1, SEQ ID NO:3, SEQ ID 
NO:5, SEQID NO:7, SEQ ID NO:9, SEQ ID NO:11, SEQ 
ID NO:13, SEQ ID NO:15, SEQ ID NO:17 or SEQ ID 
NO:19) over a region of at least about 10, 20, 30, 40, 50, 60, 
70, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 
600, 650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 
1150, 1200, 1250, 1300, 1350, 1400, 1450, 1500, 1550 or 
more, residues. The invention provides polypeptides com 
prising sequences having at least about 50%, 51%, 52%, 
53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 
63%, 64%. 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 
73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 
93%, 94%, 95%, 96%, 97%, 98%, 99%, or more, or com 
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plete (100%) sequence identity to an exemplary polypeptide 
of the invention. The extent of sequence identity (homology) 
may be determined using any computer program and asso 
ciated parameters, including those described herein, Such as 
BLAST 2.2.2. or FASTA version 3.0t78, with the default 
parameters. 
0216 Nucleic acid sequences of the invention can com 
prise at least 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 
300, 400, or 500 consecutive nucleotides of an exemplary 
sequence of the invention and sequences Substantially iden 
tical thereto. Homologous sequences and fragments of 
nucleic acid sequences of the invention can refer to a 
sequence having at least 99%, 98%, 97%, 96%. 95%, 90%, 
85%. 80%, 75%, 70%. 65%, 60%, 55%, or 50% homology 
to these sequences. Homology may be determined using any 
of the computer programs and parameters described herein, 
including FASTA version 3.0t78 with the default param 
eters. Homologous sequences also include RNA sequences 
in which uridines replace the thymines in the nucleic acid 
sequences of the invention. The homologous sequences may 
be obtained using any of the procedures described herein or 
may result from the correction of a sequencing error. It will 
be appreciated that the nucleic acid sequences of the inven 
tion can be represented in the traditional single character 
format (See the inside back cover of Stryer, Lubert. Bio 
chemistry, 3rd Ed., W. H. Freeman & Co., New York.) or in 
any other format which records the identity of the nucle 
otides in a sequence. 
0217 Various sequence comparison programs identified 
elsewhere in this patent specification are particularly con 
templated for use in this aspect of the invention. Protein 
and/or nucleic acid sequence homologies may be evaluated 
using any of the variety of sequence comparison algorithms 
and programs known in the art. Such algorithms and pro 
grams include, but are by no means limited to, TBLASTN, 
BLASTP, FASTA, TFASTA and CLUSTALW (Pearson and 
Lipman, Proc. Natl. Acad. Sci. USA85(8):2444-2448, 1988: 
Altschulet al., J. Mol. Biol. 215(3):403-410, 1990; Thomp 
son et al., Nucleic Acids Res. 22(2):4673-4680, 1994; Hig 
gins et al., Methods Enzymol. 266:383-402, 1996; Altschul 
et al., J. Mol. Biol. 215(3):403-410, 1990; Altschul et al., 
Nature Genetics 3:266-272, 1993). 
0218 Homology or identity is often measured using 
sequence analysis Software (e.g., Sequence Analysis Soft 
ware Package of the Genetics Computer Group, University 
of Wisconsin Biotechnology Center, 1710 University 
Avenue, Madison, Wis. 53705). Such software matches 
similar sequences by assigning degrees of homology to 
various deletions, substitutions and other modifications. The 
terms “homology' and “identity” in the context of two or 
more nucleic acids or polypeptide sequences, refer to two or 
more sequences or Subsequences that are the same or have 
a specified percentage of amino acid residues or nucleotides 
that are the same when compared and aligned for maximum 
correspondence over a comparison window or designated 
region as measured using any number of sequence compari 
son algorithms or by manual alignment and visual inspec 
tion. 
0219 For sequence comparison, typically one sequence 
acts as a reference sequence, to which test sequences are 
compared. When using a sequence comparison algorithm, 
test and reference sequences are entered into a computer, 
Subsequence coordinates are designated, if necessary and 
sequence algorithm program parameters are designated. 
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Default program parameters can be used, or alternative 
parameters can be designated. The sequence comparison 
algorithm then calculates the percent sequence identities for 
the test sequences relative to the reference sequence, based 
on the program parameters. 
0220. A “comparison window', as used herein, includes 
reference to a segment of any one of the number of con 
tiguous positions selected from the group consisting of from 
20 to 600, usually about 50 to about 200, more usually about 
100 to about 150 in which a sequence may be compared to 
a reference sequence of the same number of contiguous 
positions after the two sequences are optimally aligned. 
Methods of alignment of sequence for comparison are 
well-known in the art. Optimal alignment of sequences for 
comparison can be conducted, e.g., by the local homology 
algorithm of Smith & Waterman, Adv. Appl. Math. 2:482, 
1981, by the homology alignment algorithm of Needleman 
& Wunsch, J. Mol. Biol. 48:443, 1970, by the search for 
similarity method of person & Lipman, Proc. Natl. Acad. 
Sci. USA 85:2444, 1988, by computerized implementations 
of these algorithms (GAP, BESTFIT. FASTA and TFASTA 
in the Wisconsin Genetics Software Package, Genetics 
Computer Group, 575 Science Dr. Madison, Wis.), or by 
manual alignment and visual inspection. Other algorithms 
for determining homology or identity include, for example, 
in addition to a BLAST program (Basic Local Alignment 
Search Tool at the National Center for Biological Informa 
tion), ALIGN, AMAS (Analysis of Multiply Aligned 
Sequences), AMPS (Protein Multiple Sequence Alignment), 
ASSET (Aligned Segment Statistical Evaluation Tool), 
BANDS, BESTSCOR, BIOSCAN (Biological Sequence 
Comparative Analysis Node), BLIMPS (BLocks IMProved 
Searcher), FASTA, Intervals & Points, BMB, CLUSTAL. V. 
CLUSTAL W. CONSENSUS, LCONSENSUS, WCON 
SENSUS, Smith-Waterman algorithm, DARWIN, Las 
Vegas algorithm, FNAT (Forced Nucleotide Alignment 
Tool), Framealign, Framesearch, DYNAMIC, FILTER, 
FSAP (Fristensky Sequence Analysis Package), GAP (Glo 
bal Alignment Program), GENAL. GIBBS. GenQuest, ISSC 
(Sensitive Sequence Comparison), LALIGN (Local 
Sequence Alignment). LCP (Local Content Program), 
MACAW (Multiple Alignment Construction & Analysis 
Workbench), MAP (Multiple Alignment Program), MBLKP, 
MBLKN, PIMA (Pattern-Induced Multi-sequence Align 
ment), SAGA (Sequence Alignment by Genetic Algorithm) 
and WHAT-IF. Such alignment programs can also be used to 
screen genome databases to identify polynucleotide 
sequences having Substantially identical sequences. A num 
ber of genome databases are available, for example, a 
Substantial portion of the human genome is available as part 
of the Human Genome Sequencing Project (J. Roach, http:// 
weber.u. Washington.edu/~roach/human genome 
progress2.html) (Gibbs, 1995). At least twenty-one other 
genomes have already been sequenced, including, for 
example, M. genitalium (Fraser et al., 1995), M. jannaschii 
(Bult et al., 1996), H. influenzae (Fleischmann et al., 1995), 
E. coli (Blattner et al., 1997) and yeast (S. cerevisiae) 
(Mewes et al., 1997) and D. melanogaster (Adams et al., 
2000). Significant progress has also been made in sequenc 
ing the genomes of model organism, such as mouse, C. 
elegans and Arabadopsis sp. Several databases containing 
genomic information annotated with some functional infor 
mation are maintained by different organization and are 
accessible via the internet 
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0221) One example of a useful algorithm is BLAST and 
BLAST 2.0 algorithms, which are described in Altschulet 
al., Nuc. Acids Res. 25:3389-3402, 1977 and Altschul et al., 
J. Mol. Biol. 215:403-410, 1990, respectively. Software for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information. This 
algorithm involves first identifying high scoring sequence 
pairs (HSPs) by identifying short words of length W in the 
query sequence, which either match or satisfy some posi 
tive-valued threshold score T when aligned with a word of 
the same length in a database sequence. T is referred to as 
the neighborhood word score threshold (Altschul et al., 
supra). These initial neighborhood word hits act as seeds for 
initiating searches to find longer HSPs containing them. The 
word hits are extended in both directions along each 
sequence for as far as the cumulative alignment score can be 
increased. Cumulative scores are calculated using, for nucle 
otide sequences, the parameters M (reward score for a pair 
of matching residues; always >0). Foramino acid sequences, 
a scoring matrix is used to calculate the cumulative score. 
Extension of the word hits in each direction are halted when: 
the cumulative alignment score falls off by the quantity X 
from its maximum achieved value; the cumulative score 
goes to Zero or below, due to the accumulation of one or 
more negative-scoring residue alignments; or the end of 
either sequence is reached. The BLAST algorithm param 
eters W. T and X determine the sensitivity and speed of the 
alignment. The BLASTN program (for nucleotide 
sequences) uses as defaults a wordlength (W) of 11, an 
expectation (E) of 10, M-5, N=-4 and a comparison of both 
Strands. For amino acid sequences, the BLASTP program 
uses as defaults a wordlength of 3 and expectations (E) of 10 
and the BLOSUM62 scoring matrix (see Henikoff & Heni 
koff, Proc. Natl. Acad. Sci. USA 89:10915, 1989) align 
ments (B) of 50, expectation (E) of 10, M-5, N=-4 and a 
comparison of both strands. 
0222. The BLAST algorithm also performs a statistical 
analysis of the similarity between two sequences (see, e.g., 
Karlin & Altschul, Proc. Natl. Acad. Sci. USA 90:5873, 
1993). One measure of similarity provided by BLAST 
algorithm is the smallest sum probability (P(N)), which 
provides an indication of the probability by which a match 
between two nucleotide or amino acid sequences would 
occur by chance. For example, a nucleic acid is considered 
similar to a references sequence if the Smallest Sum prob 
ability in a comparison of the test nucleic acid to the 
reference nucleic acid is less than about 0.2, more in one 
aspect less than about 0.01 and most in one aspect less than 
about 0.001. 
0223. In one aspect, protein and nucleic acid sequence 
homologies are evaluated using the Basic Local Alignment 
Search Tool (“BLAST) In particular, five specific BLAST 
programs are used to perform the following task: 

0224 (1) BLASTP and BLAST3 compare an amino 
acid query sequence against a protein sequence data 
base; 

0225 (2) BLASTN compares a nucleotide query 
sequence against a nucleotide sequence database; 

0226 (3) BLASTX compares the six-frame conceptual 
translation products of a query nucleotide sequence 
(both Strands) against a protein sequence database; 

0227 (4) TBLASTN compares a query protein 
sequence against a nucleotide sequence database trans 
lated in all six reading frames (both Strands); and 
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0228 (5) TBLASTX compares the six-frame transla 
tions of a nucleotide query sequence against the six 
frame translations of a nucleotide sequence database. 

0229. The BLAST programs identify homologous 
sequences by identifying similar segments, which are 
referred to herein as “high-scoring segment pairs.” between 
a query amino or nucleic acid sequence and a test sequence 
which is in one aspect obtained from a protein or nucleic 
acid sequence database. High-scoring segment pairs are in 
one aspect identified (i.e., aligned) by means of a scoring 
matrix, many of which are known in the art. In one aspect, 
the scoring matrix used is the BLOSUM62 matrix (Gonnet 
et al., Science 256:1443-1445, 1992; Henikoff and Henikoff, 
Proteins 17:49-61, 1993). Less in one aspect, the PAM or 
PAM250 matrices may also be used (see, e.g., Schwartz and 
Dayhoff, eds., 1978, Matrices for Detecting Distance Rela 
tionships. Atlas of Protein Sequence and Structure, Wash 
ington: National Biomedical Research Foundation). BLAST 
programs are accessible through the U.S. National Library 
of Medicine. 
0230. The parameters used with the above algorithms 
may be adapted depending on the sequence length and 
degree of homology studied. In some aspects, the parameters 
may be the default parameters used by the algorithms in the 
absence of instructions from the user. 
0231. In one aspect, the phrase “substantially identical 
in the context of two nucleic acids or polypeptides, refers to 
two or more sequences that have, e.g., at least about 50%, 
51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 59%, 60%, 
61%. 62%, 63%, 64%. 65%, 66%, 67%, 68%, 69%, 70%, 
71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more 
nucleotide or amino acid residue (sequence) identity, when 
compared and aligned for maximum correspondence, as 
measured using one of the known sequence comparison 
algorithms or by visual inspection. In alternative aspects, the 
substantial identity exists over a region of at least about 50, 
75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000, 1050, 1100, 1150 
or more residues, or the full length of a gene or a transcript. 
In some aspects, the sequences are Substantially identical 
over the entire length of a coding region. 

Computer Systems and Computer Program Products 
0232 To determine and identify sequence identities, 
structural homologies, motifs and the like in silico, a nucleic 
acid or polypeptide sequence of the invention can be stored, 
recorded, and manipulated on any medium which can be 
read and accessed by a computer. 
0233. Accordingly, the invention provides computers, 
computer systems, computer readable mediums, computer 
programs products and the like recorded or stored thereon 
the nucleic acid and polypeptide sequences of the invention. 
As used herein, the words “recorded' and “stored’ refer to 
a process for storing information on a computer medium. A 
skilled artisan can readily adopt any known methods for 
recording information on a computer readable medium to 
generate manufactures comprising one or more of the 
nucleic acid and/or polypeptide sequences of the invention. 
0234. The polypeptides of the invention include the 
polypeptide sequences of the invention, e.g., the exemplary 
sequences of the invention, and sequences Substantially 
identical thereto, and fragments of any of the preceding 
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sequences. Substantially identical, or homologous, polypep 
tide sequences refer to a polypeptide sequence having at 
least 50%, 51%, 52%, 53%, 54%, 55%, 56%, 57%, 58%, 
59%, 60%, 61%, 62%, 63%, 64%. 65%, 66%, 67%, 68%, 
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 
79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 
99%, or more, or complete (100%) sequence identity to an 
exemplary sequence of the invention. 
0235 Homology may be determined using any of the 
computer programs and parameters described herein, includ 
ing FASTA version 3.0t78 with the default parameters or 
with any modified parameters. The homologous sequences 
may be obtained using any of the procedures described 
herein or may result from the correction of a sequencing 
error. The polypeptide fragments comprise at least about 10, 
15, 20, 25, 30, 35, 40, 45, 50, 75, 100, 150, 200, 250, 300, 
350, 400, 450, 500 or more consecutive amino acids of the 
polypeptides of the invention. It will be appreciated that the 
polypeptide codes as set forth in amino acid sequences of the 
invention, can be represented in the traditional single char 
acter format or three letter format (See the inside back cover 
of Stryer, Lubert. Biochemistry 3rd Ed., W. H. Freeman & 
Co., New York.) or in any other format which relates the 
identity of the polypeptides in a sequence. 
0236. A nucleic acid or polypeptide sequence of the 
invention can be stored, recorded and manipulated on any 
medium which can be read and accessed by a computer. As 
used herein, the words “recorded' and “stored’ refer to a 
process for storing information on a computer medium. A 
skilled artisan can readily adopt any of the presently known 
methods for recording information on a computer readable 
medium to generate manufactures comprising one or more 
of the nucleic acid sequences of the invention, one or more 
of the polypeptide sequences of the invention. Another 
aspect of the invention is a computer readable medium 
having recorded thereon at least 2, 5, 10, 15, or 20 or more 
nucleic acid sequences of the invention. 
0237 Another aspect of the invention is a computer 
readable medium having recorded thereon one or more of 
the nucleic acid sequences of the invention. Another aspect 
of the invention is a computer readable medium having 
recorded thereon one or more of the polypeptide sequences 
of the invention. Another aspect of the invention is a 
computer readable medium having recorded thereon at least 
2, 5, 10, 15, or 20 or more of the sequences as set forth 
above. 

0238. As used herein, the terms “computer,” “computer 
program' and “processor are used in their broadest general 
contexts and incorporate all Such devices, as described in 
detail, below. A "coding sequence of or a "sequence 
encodes a particular polypeptide or protein, is a nucleic 
acid sequence which is transcribed and translated into a 
polypeptide or protein when placed under the control of 
appropriate regulatory sequences. 
0239 Computer readable media include magnetically 
readable media, optically readable media, electronically 
readable media and magnetic/optical media. For example, 
the computer readable media may be a hard disk, a floppy 
disk, a magnetic tape, CD-ROM, Digital Versatile Disk 
(DVD), Random Access Memory (RAM), or Read Only 
Memory (ROM) as well as other types of other media known 
to those skilled in the art. 
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0240 Aspects of the invention include systems (e.g., 
internet based systems), particularly computer systems 
which store and manipulate the sequence information 
described herein. One example of a computer system 100 is 
illustrated in block diagram form in FIG. 7. As used herein, 
“a computer system” refers to the hardware components, 
Software components and data storage components used to 
analyze a nucleotide sequence of a nucleic acid sequence of 
the invention, or a polypeptide sequence of the invention. 
The computer system 100 typically includes a processor for 
processing, accessing and manipulating the sequence data. 
The processor 105 can be any well-known type of central 
processing unit, such as, for example, the Pentium III from 
Intel Corporation, or similar processor from Sun, Motorola, 
Compaq, AMD or International Business Machines. 
0241 Typically the computer system 100 is a general 
purpose system that comprises the processor 105 and one or 
more internal data storage components 110 for storing data 
and one or more data retrieving devices for retrieving the 
data stored on the data storage components. A skilled artisan 
can readily appreciate that any one of the currently available 
computer systems are Suitable. 
0242. In one particular aspect, the computer system 100 
includes a processor 105 connected to a bus which is 
connected to a main memory 115 (in one aspect imple 
mented as RAM) and one or more internal data storage 
devices 110, such as a hard drive and/or other computer 
readable media having data recorded thereon. In some 
aspects, the computer system 100 further includes one or 
more data retrieving device 118 for reading the data stored 
on the internal data storage devices 110. 
0243 The data retrieving device 118 may represent, for 
example, a floppy disk drive, a compact disk drive, a 
magnetic tape drive, or a modem capable of connection to a 
remote data storage system (e.g., via the internet) etc. In 
Some aspects, the internal data storage device 110 is a 
removable computer readable medium Such as a floppy disk, 
a compact disk, a magnetic tape, etc. containing control 
logic and/or data recorded thereon. The computer system 
100 may advantageously include or be programmed by 
appropriate Software for reading the control logic and/or the 
data from the data storage component once inserted in the 
data retrieving device. 
0244. The computer system 100 includes a display 120 
which is used to display output to a computer user. It should 
also be noted that the computer system 100 can be linked to 
other computer systems 125a-c in a network or wide area 
network to provide centralized access to the computer 
system 100. 
0245 Software for accessing and processing the nucle 
otide sequences of a nucleic acid sequence of the invention, 
or a polypeptide sequence of the invention, (Such as search 
tools, compare tools and modeling tools etc.) may reside in 
main memory 115 during execution. 
0246. In some aspects, the computer system 100 may 
further comprise a sequence comparison algorithm for com 
paring a nucleic acid sequence of the invention, or a 
polypeptide sequence of the invention, stored on a computer 
readable medium to a reference nucleotide or polypeptide 
sequence(s) stored on a computer readable medium. A 
"sequence comparison algorithm' refers to one or more 
programs which are implemented (locally or remotely) on 
the computer system 100 to compare a nucleotide sequence 
with other nucleotide sequences and/or compounds stored 
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within a data storage means. For example, the sequence 
comparison algorithm may compare the nucleotide 
sequences of a nucleic acid sequence of the invention, or a 
polypeptide sequence of the invention, stored on a computer 
readable medium to reference sequences stored on a com 
puter readable medium to identify homologies or structural 
motifs. 

0247 FIG. 5 is a flow diagram illustrating one aspect of 
a process 200 for comparing a new nucleotide or protein 
sequence with a database of sequences in order to determine 
the homology levels between the new sequence and the 
sequences in the database. The database of sequences can be 
a private database stored within the computer system 100, or 
a public database such as GENBANK that is available 
through the Internet. 
0248. The process 200 begins at a start state 201 and then 
moves to a state 202 wherein the new sequence to be 
compared is stored to a memory in a computer system 100. 
As discussed above, the memory could be any type of 
memory, including RAM or an internal storage device. 
0249. The process 200 then moves to a state 204 wherein 
a database of sequences is opened for analysis and compari 
son. The process 200 then moves to a state 206 wherein the 
first sequence stored in the database is read into a memory 
on the computer. A comparison is then performed at a state 
210 to determine if the first sequence is the same as the 
second sequence. It is important to note that this step is not 
limited to performing an exact comparison between the new 
sequence and the first sequence in the database. Well-known 
methods are known to those of skill in the art for comparing 
two nucleotide or protein sequences, even if they are not 
identical. For example, gaps can be introduced into one 
sequence in order to raise the homology level between the 
two tested sequences. The parameters that control whether 
gaps or other features are introduced into a sequence during 
comparison are normally entered by the user of the computer 
system. 
0250 Once a comparison of the two sequences has been 
performed at the state 210, a determination is made at a 
decision state 210 whether the two sequences are the same. 
Of course, the term “same' is not limited to sequences that 
are absolutely identical. Sequences that are within the 
homology parameters entered by the user will be marked as 
“same in the process 200. 
0251. If a determination is made that the two sequences 
are the same, the process 200 moves to a state 214 wherein 
the name of the sequence from the database is displayed to 
the user. This state notifies the user that the sequence with 
the displayed name fulfills the homology constraints that 
were entered. Once the name of the stored sequence is 
displayed to the user, the process 200 moves to a decision 
state 218 wherein a determination is made whether more 
sequences exist in the database. If no more sequences exist 
in the database, then the process 200 terminates at an end 
state 220. However, if more sequences do exist in the 
database, then the process 200 moves to a state 224 wherein 
a pointer is moved to the next sequence in the database so 
that it can be compared to the new sequence. In this manner, 
the new sequence is aligned and compared with every 
sequence in the database. 
0252. It should be noted that if a determination had been 
made at the decision state 212 that the sequences were not 
homologous, then the process 200 would move immediately 
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to the decision state 218 in order to determine if any other 
sequences were available in the database for comparison. 
0253) Accordingly, one aspect of the invention is a com 
puter system comprising a processor, a data storage device 
having stored thereon a nucleic acid sequence of the inven 
tion, or a polypeptide sequence of the invention, a data 
storage device having retrievably stored thereon reference 
nucleotide sequences or polypeptide sequences to be com 
pared to a nucleic acid sequence of the invention, or a 
polypeptide sequence of the invention and a sequence com 
parer for conducting the comparison. The sequence com 
parer may indicate a homology level between the sequences 
compared or identify structural motifs in the above 
described nucleic acid code a nucleic acid sequence of the 
invention, or a polypeptide sequence of the invention, or it 
may identify structural motifs in sequences which are com 
pared to these nucleic acid codes and polypeptide codes. In 
Some aspects, the data storage device may have stored 
thereon the sequences of at least 2, 5, 10, 15, 20, 25, 30 or 
40 or more of the nucleic acid sequences of the invention, or 
the polypeptide sequences of the invention. 
0254 Another aspect of the invention is a method for 
determining the level of homology between a nucleic acid 
sequence of the invention, or a polypeptide sequence of the 
invention and a reference nucleotide sequence. The method 
including reading the nucleic acid code or the polypeptide 
code and the reference nucleotide or polypeptide sequence 
through the use of a computer program which determines 
homology levels and determining homology between the 
nucleic acid code or polypeptide code and the reference 
nucleotide or polypeptide sequence with the computer pro 
gram. The computer program may be any of a number of 
computer programs for determining homology levels, 
including those specifically enumerated herein, (e.g., 
BLAST2N with the default parameters or with any modified 
parameters). The method may be implemented using the 
computer systems described above. The method may also be 
performed by reading at least 2, 5, 10, 15, 20, 25, or 40 or 
more of the above described nucleic acid sequences of the 
invention, or the polypeptide sequences of the invention 
through use of the computer program and determining 
homology between the nucleic acid codes or polypeptide 
codes and reference nucleotide sequences or polypeptide 
Sequences. 
0255 FIG. 6 is a flow diagram illustrating one aspect of 
a process 250 in a computer for determining whether two 
sequences are homologous. The process 250 begins at a start 
state 252 and then moves to a state 254 wherein a first 
sequence to be compared is stored to a memory. The second 
sequence to be compared is then stored to a memory at a 
state 256. The process 250 then moves to a state 260 wherein 
the first character in the first sequence is read and then to a 
state 262 wherein the first character of the second sequence 
is read. It should be understood that if the sequence is a 
nucleotide sequence, then the character would normally be 
either A. T. C. G or U. If the sequence is a protein sequence, 
then it is in one aspect in the single letter amino acid code 
so that the first and sequence sequences can be easily 
compared. 
0256 A determination is then made at a decision state 
264 whether the two characters are the same. If they are the 
same, then the process 250 moves to a state 268 wherein the 
next characters in the first and second sequences are read. A 
determination is then made whether the next characters are 



US 2008/0070291 A1 

the same. If they are, then the process 250 continues this 
loop until two characters are not the same. If a determination 
is made that the next two characters are not the same, the 
process 250 moves to a decision state 274 to determine 
whether there are any more characters either sequence to 
read. 

0257) If there are not any more characters to read, then 
the process 250 moves to a state 276 wherein the level of 
homology between the first and second sequences is dis 
played to the user. The level of homology is determined by 
calculating the proportion of characters between the 
sequences that were the same out of the total number of 
sequences in the first sequence. Thus, if every character in 
a first 100 nucleotide sequence aligned with a every char 
acter in a second sequence, the homology level would be 
100%. 
0258 Alternatively, the computer program may be a 
computer program which compares the nucleotide 
sequences of a nucleic acid sequence as set forth in the 
invention, to one or more reference nucleotide sequences in 
order to determine whether the nucleic acid code of the 
invention, differs from a reference nucleic acid sequence at 
one or more positions. Optionally such a program records 
the length and identity of inserted, deleted or substituted 
nucleotides with respect to the sequence of either the refer 
ence polynucleotide or a nucleic acid sequence of the 
invention. In one aspect, the computer program may be a 
program which determines whether a nucleic acid sequence 
of the invention, contains a single nucleotide polymorphism 
(SNP) with respect to a reference nucleotide sequence. 
0259. Accordingly, another aspect of the invention is a 
method for determining whether a nucleic acid sequence of 
the invention, differs at one or more nucleotides from a 
reference nucleotide sequence comprising the steps of read 
ing the nucleic acid code and the reference nucleotide 
sequence through use of a computer program which identi 
fies differences between nucleic acid sequences and identi 
fying differences between the nucleic acid code and the 
reference nucleotide sequence with the computer program. 
In some aspects, the computer program is a program which 
identifies single nucleotide polymorphisms. The method 
may be implemented by the computer systems described 
above and the method illustrated in FIG. 6. The method may 
also be performed by reading at least 2, 5, 10, 15, 20, 25, 30. 
or 40 or more of the nucleic acid sequences of the invention 
and the reference nucleotide sequences through the use of 
the computer program and identifying differences between 
the nucleic acid codes and the reference nucleotide 
sequences with the computer program. 
0260. In other aspects the computer based system may 
further comprise an identifier for identifying features within 
a nucleic acid sequence of the invention or a polypeptide 
sequence of the invention. 
0261) An “identifier refers to one or more programs 
which identifies certain features within a nucleic acid 
sequence of the invention, or a polypeptide sequence of the 
invention. In one aspect, the identifier may comprise a 
program which identifies an open reading frame in a nucleic 
acid sequence of the invention. 
0262 FIG. 7 is a flow diagram illustrating one aspect of 
an identifier process 300 for detecting the presence of a 
feature in a sequence. The process 300 begins at a start state 
302 and then moves to a state 304 wherein a first sequence 
that is to be checked for features is stored to a memory 115 
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in the computer system 100. The process 300 then moves to 
a state 306 wherein a database of sequence features is 
opened. Such a database would include a list of each 
feature's attributes along with the name of the feature. For 
example, a feature name could be “Initiation Codon’ and the 
attribute would be “ATG'. Another example would be the 
feature name "TAATAA Box” and the feature attribute 
would be “TAATAA’. An example of such a database is 
produced by the University of Wisconsin Genetics Com 
puter Group. Alternatively, the features may be structural 
polypeptide motifs Such as alpha helices, beta sheets, or 
functional polypeptide motifs such as enzymatic catalytic 
domains (CDs), or, active sites, helix-turn-helix motifs or 
other motifs known to those skilled in the art. 

0263. Once the database of features is opened at the state 
306, the process 300 moves to a state 308 wherein the first 
feature is read from the database. A comparison of the 
attribute of the first feature with the first sequence is then 
made at a state 310. A determination is then made at a 
decision state 316 whether the attribute of the feature was 
found in the first sequence. If the attribute was found, then 
the process 300 moves to a state 318 wherein the name of the 
found feature is displayed to the user. 
0264. The process 300 then moves to a decision state 320 
wherein a determination is made whether move features 
exist in the database. If no more features do exist, then the 
process 300 terminates at an end state 324. However, if more 
features do exist in the database, then the process 300 reads 
the next sequence feature at a state 326 and loops back to the 
state 310 wherein the attribute of the next feature is com 
pared against the first sequence. It should be noted, that if the 
feature attribute is not found in the first sequence at the 
decision state 316, the process 300 moves directly to the 
decision state 320 in order to determine if any more features 
exist in the database. 
0265 Accordingly, another aspect of the invention is a 
method of identifying a feature within a nucleic acid 
sequence of the invention, or a polypeptide sequence of the 
invention, comprising reading the nucleic acid code(s) or 
polypeptide code(s) through the use of a computer program 
which identifies features therein and identifying features 
within the nucleic acid code(s) with the computer program. 
In one aspect, computer program comprises a computer 
program which identifies open reading frames. The method 
may be performed by reading a single sequence or at least 
2, 5, 10, 15, 20, 25, 30, or 40 of the nucleic acid sequences 
of the invention, or the polypeptide sequences of the inven 
tion, through the use of the computer program and identi 
fying features within the nucleic acid codes or polypeptide 
codes with the computer program. 
0266. A nucleic acid sequence of the invention, or a 
polypeptide sequence of the invention, may be stored and 
manipulated in a variety of data processor programs in a 
variety of formats. For example, a nucleic acid sequence of 
the invention, or a polypeptide sequence of the invention, 
may be stored as text in a word processing file. Such as 
Microsoft WORDTM or WORDPERFECTTM or as an ASCII 
file in a variety of database programs familiar to those of 
skill in the art, such as DB2TM, SYBASETM, or ORACLETM. 
In addition, many computer programs and databases may be 
used as sequence comparison algorithms, identifiers, or 
Sources of reference nucleotide sequences or polypeptide 
sequences to be compared to a nucleic acid sequence of the 
invention, or a polypeptide sequence of the invention. The 
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following list is intended not to limit the invention but to 
provide guidance to programs and databases which are 
useful with the nucleic acid sequences of the invention, or 
the polypeptide sequences of the invention. 
0267. The programs and databases which may be used 
include, but are not limited to: MacPattern (EMBL), Dis 
coveryBase (Molecular Applications Group), GeneMine 
(Molecular Applications Group), Look (Molecular Applica 
tions Group), MacLook (Molecular Applications Group), 
BLAST and BLAST2 (NCBI), BLASTN and BLASTX 
(Altschul et al., J. Mol. Biol. 215: 403, 1990), FASTA 
(Pearson and Lipman, Proc. Natl. Acad. Sci. USA, 85: 2444, 
1988), FASTDB (Brutlag et al. Comp. App. Biosci. 6:237 
245, 1990), Catalyst (Molecular Simulations Inc.), Catalyst/ 
SHAPE (Molecular Simulations Inc.), Cerius’.DBAccess 
(Molecular Simulations Inc.), HypoGen (Molecular Simu 
lations Inc.), Insight II, (Molecular Simulations Inc.), Dis 
cover (Molecular Simulations Inc.), CHARMm (Molecular 
Simulations Inc.), Felix (Molecular Simulations Inc.), Del 
Phi, (Molecular Simulations Inc.), QuanteMM, (Molecular 
Simulations Inc.), Homology (Molecular Simulations Inc.), 
Modeler (Molecular Simulations Inc.), ISIS (Molecular 
Simulations Inc.), Quanta/Protein Design (Molecular Simu 
lations Inc.), WebLab (Molecular Simulations Inc.), WebLab 
Diversity Explorer (Molecular Simulations Inc.), Gene 
Explorer (Molecular Simulations Inc.), SeqFold (Molecular 
Simulations Inc.), the MDL. Available Chemicals Directory 
database, the MDL Drug Data Report data base, the Com 
prehensive Medicinal Chemistry database, Derwents’s 
World Drug Index database, the BioByteMasterFile data 
base, the Genbank database and the Genseqn database. 
Many other programs and databases would be apparent to 
one of skill in the art given the present disclosure. 
0268 Motifs which may be detected using the above 
programs include sequences encoding leucine Zippers, helix 
turn-helix motifs, glycosylation sites, ubiquitination sites, 
alpha helices and beta sheets, signal sequences encoding 
signal peptides which direct the secretion of the encoded 
proteins, sequences implicated in transcription regulation 
Such as homeoboxes, acidic stretches, enzymatic active sites 
(catalytic domains (CDS)). Substrate binding sites and enzy 
matic cleavage sites. 

Hybridization of Nucleic Acids 
0269. The invention provides isolated, synthetic or 
recombinant nucleic acids that hybridize under stringent 
conditions to an exemplary sequence of the invention (e.g., 
SEQID NO:1, SEQID NO:3, SEQID NO:5, SEQID NO:7, 
SEQ ID NO:9, SEQ ID NO:1, SEQ ID NO:13, SEQ ID 
NO:15, SEQ ID NO:17 or SEQ ID NO:19). The stringent 
conditions can be highly stringent conditions, medium strin 
gent conditions and/or low stringent conditions, including 
the high and reduced Stringency conditions described herein. 
In one aspect, it is the stringency of the wash conditions that 
set forth the conditions which determine whether a nucleic 
acid is within the scope of the invention, as discussed below. 
0270. In alternative aspects, nucleic acids of the inven 
tion as defined by their ability to hybridize under stringent 
conditions can be between about five residues and the full 
length of nucleic acid of the invention; e.g., they can be at 
least 5, 10, 15, 20, 25, 30, 35, 40, 50, 55, 60, 65, 70, 75, 80, 
90, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 
650, 700, 750, 800, 850, 900, 950, 1000, or more, residues 
in length. Nucleic acids shorter than full length are also 
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included. These nucleic acids can be useful as, e.g., hybrid 
ization probes, labeling probes, PCR oligonucleotide probes, 
iRNA (single or double stranded), antisense or sequences 
encoding antibody binding peptides (epitopes), motifs, 
active sites (catalytic domains (CDs)) and the like. 
0271 In one aspect, nucleic acids of the invention are 
defined by their ability to hybridize under high stringency 
comprises conditions of about 50% formamide at about 37° 
C. to 42°C. In one aspect, nucleic acids of the invention are 
defined by their ability to hybridize under reduced strin 
gency comprising conditions in about 35% to 25% forma 
mide at about 30° C. to 35° C. 
0272 Alternatively, nucleic acids of the invention are 
defined by their ability to hybridize under high stringency 
comprising conditions at 42° C. in 50% formamide, 
5xSSPE, 0.3% SDS, and a repetitive sequence blocking 
nucleic acid, Such as cot-1 or salmon sperm DNA (e.g., 200 
n/ml sheared and denatured salmon sperm DNA). In one 
aspect, nucleic acids of the invention are defined by their 
ability to hybridize under reduced stringency conditions 
comprising 35% formamide at a reduced temperature of 35° 
C 

0273. In nucleic acid hybridization reactions, the condi 
tions used to achieve a particular level of Stringency will 
vary, depending on the nature of the nucleic acids being 
hybridized. For example, the length, degree of complemen 
tarity, nucleotide sequence composition (e.g., GC v. AT 
content) and nucleic acid type (e.g., RNA v. DNA) of the 
hybridizing regions of the nucleic acids can be considered in 
selecting hybridization conditions. An additional consider 
ation is whether one of the nucleic acids is immobilized, for 
example, on a filter. 
0274) Hybridization may be carried out under conditions 
of low stringency, moderate stringency or high Stringency. 
As an example of nucleic acid hybridization, a polymer 
membrane containing immobilized denatured nucleic acids 
is first prehybridized for 30 minutes at 45DC in a solution 
consisting of 0.9 M. NaCl, 50 mM NaHPO, pH 7.0, 5.0 
mM NaEDTA, 0.5% SDS, 10xDenhardt’s and 0.5 mg/ml 
polyriboadenylic acid. Approximately 2x10 cpm (specific 
activity 4-9x10 cpm/ug) of 'Pend-labeled oligonucleotide 
probe are then added to the solution. After 12-16 hours of 
incubation, the membrane is washed for 30 minutes at room 
temperature in 1x SET (150 mM. NaCl, 20 mM Tris hydro 
chloride, pH 7.8, 1 mM NaEDTA) containing 0.5% SDS, 
followed by a 30 minute wash in fresh 1x SET at T-10OC 
for the oligonucleotide probe. The membrane is then 
exposed to auto-radiographic film for detection of hybrid 
ization signals. 
0275 All of the foregoing hybridizations would be con 
sidered to be under conditions of high Stringency. 
0276 Following hybridization, a filter can be washed to 
remove any non-specifically bound detectable probe. The 
stringency used to wash the filters can also be varied 
depending on the nature of the nucleic acids being hybrid 
ized, the length of the nucleic acids being hybridized, the 
degree of complementarity, the nucleotide sequence com 
position (e.g., GC v. AT content) and the nucleic acid type 
(e.g., RNA v. DNA). Examples of progressively higher 
stringency condition washes are as follows: 2xSSC, 0.1% 
SDS at room temperature for 15 minutes (low stringency); 
0.1xSSC, 0.5% SDS at room temperature for 30 minutes to 
1 hour (moderate stringency); 0.1xSSC, 0.5% SDS for 15 to 
30 minutes at between the hybridization temperature and 68° 
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C. (high stringency); and 0.15M NaCl for 15 minutes at 72° 
C. (very high Stringency). A final low stringency wash can 
be conducted in 0.1xSSC at room temperature. The 
examples above are merely illustrative of one set of condi 
tions that can be used to wash filters. One of skill in the art 
would know that there are numerous recipes for different 
stringency washes. Some other examples are given below. 
(0277 Nucleic acids which have hybridized to the probe 
are identified by autoradiography or other conventional 
techniques. 
0278. The above procedure may be modified to identify 
nucleic acids having decreasing levels of homology to the 
probe sequence. For example, to obtain nucleic acids of 
decreasing homology to the detectable probe, less stringent 
conditions may be used. For example, the hybridization 
temperature may be decreased in increments of 5DC from 
68OC to 42DC in a hybridization buffer having a Na+ 
concentration of approximately 1M. Following hybridiza 
tion, the filter may be washed with 2xSSC, 0.5% SDS at the 
temperature of hybridization. These conditions are consid 
ered to be “moderate conditions above 50 IC and “low” 
conditions below 50DC. A specific example of “moderate' 
hybridization conditions is when the above hybridization is 
conducted at 55DC. A specific example of “low stringency’ 
hybridization conditions is when the above hybridization is 
conducted at 45 C. 
0279 Alternatively, the hybridization may be carried out 
in buffers, such as 6xSSC, containing formamide at a 
temperature of 42DC. In this case, the concentration of 
formamide in the hybridization buffer may be reduced in 5% 
increments from 50% to 0% to identify clones having 
decreasing levels of homology to the probe. Following 
hybridization, the filter may be washed with 6xSSC, 0.5% 
SDS at 501C. These conditions are considered to be 'mod 
erate' conditions above 25% formamide and “low” condi 
tions below 25% formamide. A specific example of “mod 
erate’ hybridization conditions is when the above 
hybridization is conducted at 30% formamide. A specific 
example of “low stringency” hybridization conditions is 
when the above hybridization is conducted at 10% forma 
mide. 

0280. However, the selection of a hybridization format is 
not critical—it is the stringency of the wash conditions that 
set forth the conditions which determine whether a nucleic 
acid is within the scope of the invention. Wash conditions 
used to identify nucleic acids within the scope of the 
invention include, e.g.: a salt concentration of about 0.02 
molar at pH 7 and a temperature of at least about 50° C. or 
about 55° C. to about 60° C.; or, a salt concentration of about 
0.15 M NaCl at 72° C. for about 15 minutes; or, a salt 
concentration of about 0.2xSSC at a temperature of at least 
about 50° C. or about 55° C. to about 60° C. for about 15 to 
about 20 minutes; or, the hybridization complex is washed 
twice with a solution with a salt concentration of about 
2xSSC containing 0.1% SDS at room temperature for 15 
minutes and then washed twice by 0.1 xSSC containing 0.1% 
SDS at 68oC for 15 minutes; or, equivalent conditions. See 
Sambrook, Tijssen and Ausubel for a description of SSC 
buffer and equivalent conditions. 
0281. These methods may be used to isolate nucleic acids 
of the invention. For example, the preceding methods may 
be used to isolate nucleic acids having a sequence with at 
least about 97%, at least 95%, at least 90%, at least 85%, at 
least 80%, at least 75%, at least 70%, at least 65%, at least 
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60%, at least 55%, or at least 50% homology to a nucleic 
acid sequence selected from the group consisting of one of 
the sequences of the invention, or fragments comprising at 
least about 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 
300, 400, or 500 consecutive bases thereof and the 
sequences complementary thereto. Homology may be mea 
Sured using the alignment algorithm. For example, the 
homologous polynucleotides may have a coding sequence 
which is a naturally occurring allelic variant of one of the 
coding sequences described herein. Such allelic variants 
may have a Substitution, deletion or addition of one or more 
nucleotides when compared to the nucleic acids of the 
invention. 
0282. Additionally, the above procedures may be used to 
isolate nucleic acids which encode polypeptides having at 
least about 99%. 95%, at least 90%, at least 85%, at least 
80%, at least 75%, at least 70%, at least 65%, at least 60%, 
at least 55%, or at least 50% homology to a polypeptide of 
the invention, or fragments comprising at least 5, 10, 15, 20, 
25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino acids 
thereofas determined using a sequence alignment algorithm 
(e.g., such as the FASTA version 3.0t78 algorithm with the 
default parameters). 
0283 Oligonucleotides Probes and Methods for Using 
Them 
0284. The invention also provides nucleic acid probes 
that can be used, e.g., for identifying nucleic acids encoding 
a polypeptide with an enzyme activity or fragments thereof 
or for identifying genes or other nucleic acids encoding 
polypeptides having a chlorophyllase enzyme activity or 
enzymes involved in the catabolism of chlorophyll. In one 
aspect, the probe comprises at least 10 consecutive bases of 
a nucleic acid of the invention. Alternatively, a probe of the 
invention can be at least about 5, 6, 7, 8, 9, 10, 11, 12, 13, 
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 
50, 60, 70, 80,90, 100, 110, 120, 130, 150 or about 10 to 50, 
about 20 to 60 about 30 to 70, consecutive bases of a 
sequence as set forth in a nucleic acid of the invention. The 
probes identify a nucleic acid by binding and/or hybridiza 
tion. The probes can be used in arrays of the invention, see 
discussion below, including, e.g., capillary arrays. The 
probes of the invention can also be used to isolate other 
nucleic acids or polypeptides. 
0285. The isolated nucleic acids of the invention, the 
sequences complementary thereto, or a fragment comprising 
at least 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 300, 
400, or 500 consecutive bases of one of the sequences of the 
invention, or the sequences complementary thereto may also 
be used as probes to determine whether a biological sample, 
Such as a soil sample, contains an organism having a nucleic 
acid sequence of the invention or an organism from which 
the nucleic acid was obtained. In such procedures, a bio 
logical sample potentially harboring the organism from 
which the nucleic acid was isolated is obtained and nucleic 
acids are obtained from the sample. The nucleic acids are 
contacted with the probe under conditions which permit the 
probe to specifically hybridize to any complementary 
sequences from which are present therein. 
0286. Where necessary, conditions which permit the 
probe to specifically hybridize to complementary sequences 
may be determined by placing the probe in contact with 
complementary sequences from Samples known to contain 
the complementary sequence as well as control sequences 
which do not contain the complementary sequence. Hybrid 
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ization conditions, such as the salt concentration of the 
hybridization buffer, the formamide concentration of the 
hybridization buffer, or the hybridization temperature, may 
be varied to identify conditions which allow the probe to 
hybridize specifically to complementary nucleic acids. 
0287. If the sample contains the organism from which the 
nucleic acid was isolated, specific hybridization of the probe 
is then detected. Hybridization may be detected by labeling 
the probe with a detectable agent such as a radioactive 
isotope, a fluorescent dye or an enzyme capable of cata 
lyzing the formation of a detectable product. 
0288 Many methods for using the labeled probes to 
detect the presence of complementary nucleic acids in a 
sample are familiar to those skilled in the art. These include 
Southern Blots, Northern Blots, colony hybridization pro 
cedures and dot blots. Protocols for each of these procedures 
are provided in Ausubel et al. Current Protocols in Molecu 
lar Biology, John Wiley 503 Sons, Inc. (1997) and Sam 
brook et al., Molecular Cloning: A Laboratory Manual 2nd 
Ed., Cold Spring Harbor Laboratory Press (1989. 
0289 Alternatively, more than one probe (at least one of 
which is capable of specifically hybridizing to any comple 
mentary sequences which are present in the nucleic acid 
sample), may be used in an amplification reaction to deter 
mine whether the sample contains an organism containing a 
nucleic acid sequence of the invention (e.g., an organism 
from which the nucleic acid was isolated). Typically, the 
probes comprise oligonucleotides. In one aspect, the ampli 
fication reaction may comprise a PCR reaction. PCR pro 
tocols are described in Ausubel and Sambrook, supra. Alter 
natively, the amplification may comprise a ligase chain 
reaction, 3SR, or strand displacement reaction. (See Barany, 
F., “The Ligase Chain Reaction in a PCR World', PCR 
Methods and Applications 1:5-16, 1991; E. Fahy et al., 
“Self-sustained Sequence Replication (3SR): An Isothermal 
Transcription-based Amplification System Alternative to 
PCR. PCR Methods and Applications 1:25-33, 1991; and 
Walker G.T. et al., “Strand Displacement Amplification—an 
Isothermal in vitro DNA Amplification Technique'. Nucleic 
Acid Research 20:1691-1696, 1992). In such procedures, the 
nucleic acids in the sample are contacted with the probes, the 
amplification reaction is performed and any resulting ampli 
fication product is detected. The amplification product may 
be detected by performing gel electrophoresis on the reac 
tion products and staining the gel with an intercalator Such 
as ethidium bromide. Alternatively, one or more of the 
probes may be labeled with a radioactive isotope and the 
presence of a radioactive amplification product may be 
detected by autoradiography after gel electrophoresis. 
0290 Probes derived from sequences near the ends of the 
sequences of the invention, may also be used in chromosome 
walking procedures to identify clones containing genomic 
sequences located adjacent to the sequences of the inven 
tion. Such methods allow the isolation of genes which 
encode additional proteins from the host organism. 
0291. The isolated nucleic acids of the invention, the 
sequences complementary thereto, or a fragment comprising 
at least 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 150, 200, 300, 
400, or 500 consecutive bases of one of the sequences of the 
invention, or the sequences complementary thereto may be 
used as probes to identify and isolate related nucleic acids. 
In some aspects, the related nucleic acids may be cDNAS or 
genomic DNAS from organisms other than the one from 
which the nucleic acid was isolated. For example, the other 
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organisms may be related organisms. In Such procedures, a 
nucleic acid sample is contacted with the probe under 
conditions which permit the probe to specifically hybridize 
to related sequences. Hybridization of the probe to nucleic 
acids from the related organism is then detected using any of 
the methods described above. 
0292. By varying the stringency of the hybridization 
conditions used to identify nucleic acids, such as cDNAS or 
genomic DNAs, which hybridize to the detectable probe, 
nucleic acids having different levels of homology to the 
probe can be identified and isolated. Stringency may be 
varied by conducting the hybridization at varying tempera 
tures below the melting temperatures of the probes. The 
melting temperature, T, is the temperature (under defined 
ionic strength and pH) at which 50% of the target sequence 
hybridizes to a perfectly complementary probe. Very strin 
gent conditions are selected to be equal to or about 5° C. 
lower than the T for a particular probe. The melting 
temperature of the probe may be calculated using the 
following formulas: 
0293 For probes between 14 and 70 nucleotides in length 
the melting temperature (T,) is calculated using the for 
mula: T81.5+16.6(log Na+I)+0.41 (fraction G+C)-(600/ 
N) where N is the length of the probe. 
0294. If the hybridization is carried out in a solution 
containing formamide, the melting temperature may be 
calculated using the equation: T81.5+16.6(log Na+I)+0. 
41 (fraction G+C)-(0.63% formamide)-(600/N) where N is 
the length of the probe. 
0295 Prehybridization may be carried out in 6xSSC, 
5xDenhardt's reagent, 0.5% SDS, 10Og denatured frag 
mented salmon sperm DNA or 6xSSC, 5xDenhardt's 
reagent, 0.5% SDS, 100g denatured fragmented salmon 
sperm DNA, 50% formamide. The formulas for SSC and 
Denhardt’s solutions are listed in Sambrook et al., supra. 
0296. In one aspect, hybridization is conducted by adding 
the detectable probe to the prehybridization solutions listed 
above. Where the probe comprises double stranded DNA, it 
is denatured before addition to the hybridization solution. 
The filter is contacted with the hybridization solution for a 
sufficient period of time to allow the probe to hybridize to 
cDNAS or genomic DNAS containing sequences comple 
mentary thereto or homologous thereto. For probes over 200 
nucleotides in length, the hybridization may be carried out 
at 15-25° C. below the T. For shorter probes, such as 
oligonucleotide probes, the hybridization may be conducted 
at 5-10° C. below the T. In one aspect, for hybridizations 
in 6xSSC, the hybridization is conducted at approximately 
68°C. In one aspect, for hybridizations in 50% formamide 
containing solutions, the hybridization is conducted at 
approximately 42°C. 

Inhibiting Expression of Enzymes 

0297. The invention provides nucleic acids complemen 
tary to (e.g., antisense sequences to) the nucleic acids of the 
invention, e.g., nucleic acids encoding polypeptides having 
an enzyme activity involved in chlorophyll catabolism or 
having an esterase (e.g., chlorophyllase) activity. Antisense 
sequences are capable of inhibiting the transport, splicing or 
transcription of enzyme-encoding genes. The inhibition can 
be effected through the targeting of genomic DNA or mes 
senger RNA. The transcription or function of targeted 
nucleic acid can be inhibited, for example, by hybridization 
and/or cleavage. One particularly useful set of inhibitors 
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provided by the present invention includes oligonucleotides 
which are able to either bind gene or message, in either case 
preventing or inhibiting the production or function of the 
desired enzyme. The association can be through sequence 
specific hybridization. Another useful class of inhibitors 
includes oligonucleotides which cause inactivation or cleav 
age of nucleic acids encoding polypeptides having an 
enzyme activity involved in chlorophyll catabolism or hav 
ing an esterase (e.g., chlorophylase) activity. The oligo 
nucleotide can have enzyme activity which causes Such 
cleavage. Such as ribozymes. The oligonucleotide can be 
chemically modified or conjugated to an enzyme or com 
position capable of cleaving the complementary nucleic 
acid. A pool of many different such oligonucleotides can be 
screened for those with the desired activity. Thus, the 
invention provides various compositions for the inhibition 
of enzyme expression on a nucleic acid and/or protein level. 
e.g., antisense, iRNA and ribozymes comprising nucleic acid 
sequences of the invention and antibodies of the invention. 
0298 Inhibition of expression of nucleic acids encoding 
polypeptides having an enzyme activity involved in chloro 
phyll catabolism or having an esterase (e.g., chlorophyllase) 
activity can have a variety of industrial applications. For 
example, compositions of the invention for the inhibition of 
enzyme expression (e.g., antisense, iRNA, ribozymes, anti 
bodies) can be used as pharmaceutical compositions, e.g., as 
anti-pathogen agents or in other therapies, e.g., where the 
inhibited enzyme has an undesired, deleterious or toxic 
effect. 
0299 Antisense Oligonucleotides 
0300. The invention provides antisense oligonucleotides 
capable of binding enzyme message or a gene which can 
inhibit a target gene or message to, e.g., inhibit a polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophylase) activity by targeting mRNA. Strate 
gies for designing antisense oligonucleotides are well 
described in the scientific and patent literature, and the 
skilled artisan can design such oligonucleotides using the 
novel reagents of the invention. For example, genewalking/ 
RNA mapping protocols to screen for effective antisense 
oligonucleotides are well known in the art, see, e.g., Ho 
(2000) Methods Enzymol. 314:168-183, describing an RNA 
mapping assay, which is based on standard molecular tech 
niques to provide an easy and reliable method for potent 
antisense sequence selection. See also Smith (2000) Eur. J. 
Pharm. Sci. 11:191-198. 

0301 Naturally occurring nucleic acids are used as anti 
sense oligonucleotides. The antisense oligonucleotides can 
be of any length; for example, in alternative aspects, the 
antisense oligonucleotides are between about 5 to 100, about 
10 to 80, about 15 to 60, about 18 to 40. The optimal length 
can be determined by routine Screening. The antisense 
oligonucleotides can be present at any concentration. The 
optimal concentration can be determined by routine Screen 
ing. A wide variety of synthetic, non-naturally occurring 
nucleotide and nucleic acid analogues are known which can 
address this potential problem. For example, peptide nucleic 
acids (PNAS) containing non-ionic backbones, such as N-(2- 
aminoethyl)glycine units can be used. Antisense oligonucle 
otides having phosphorothioate linkages can also be used, as 
described in WO 97/03211; WO 96/3915.4; Mata (1997) 
Toxicol Appl Pharmacol 144:189-197; Antisense Therapeu 
tics, ed. Agrawal (Humana Press, Totowa, N.J., 1996). 
Antisense oligonucleotides having synthetic DNA backbone 
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analogues provided by the invention can also include phos 
phoro-dithioate, methylphosphonate, phosphoramidate, 
alkyl phosphotriester, sulfamate, 3'-thioacetal, methylene 
(methylimino), 3'-N-carbamate, and morpholino carbamate 
nucleic acids, as described above. 
0302 Combinatorial chemistry methodology can be used 
to create vast numbers of oligonucleotides that can be 
rapidly screened for specific oligonucleotides that have 
appropriate binding affinities and specificities toward any 
target, such as the sense and antisense sequences of the 
invention (see, e.g., Gold (1995) J. of Biol. Chem. 270: 
13581-13584). 
(0303 Inhibitory Ribozymes 
0304. The invention provides ribozymes capable of bind 
ing message or genes encoding polypeptides of the inven 
tion, or, encoding polypeptides involved in chlorophyll 
catabolism or having an esterase (e.g., chlorophyllase) activ 
ity. These ribozymes can inhibit activity by, e.g., targeting 
mRNA. Strategies for designing ribozymes and selecting the 
enzyme-specific antisense sequence for targeting are well 
described in the scientific and patent literature, and the 
skilled artisan can design such ribozymes using the novel 
reagents of the invention. Ribozymes act by binding to a 
target RNA through the target RNA binding portion of a 
ribozyme which is held in close proximity to an enzymatic 
portion of the RNA that cleaves the target RNA. Thus, the 
ribozyme recognizes and binds a target RNA through 
complementary base-pairing, and once bound to the correct 
site, acts enzymatically to cleave and inactivate the target 
RNA. Cleavage of a target RNA in such a manner will 
destroy its ability to direct synthesis of an encoded protein 
if the cleavage occurs in the coding sequence. After a 
ribozyme has bound and cleaved its RNA target, it can be 
released from that RNA to bind and cleave new targets 
repeatedly. 
0305. In some circumstances, the enzymatic nature of a 
ribozyme can be advantageous over other technologies. Such 
as antisense technology (where a nucleic acid molecule 
simply binds to a nucleic acid target to block its transcrip 
tion, translation or association with another molecule) as the 
effective concentration of ribozyme necessary to effect a 
therapeutic treatment can be lower than that of an antisense 
oligonucleotide. This potential advantage reflects the ability 
of the ribozyme to act enzymatically. Thus, a single 
ribozyme molecule is able to cleave many molecules of 
target RNA. In addition, a ribozyme is typically a highly 
specific inhibitor, with the specificity of inhibition depend 
ing not only on the base pairing mechanism of binding, but 
also on the mechanism by which the molecule inhibits the 
expression of the RNA to which it binds. That is, the 
inhibition is caused by cleavage of the RNA target and so 
specificity is defined as the ratio of the rate of cleavage of the 
targeted RNA over the rate of cleavage of non-targeted 
RNA. This cleavage mechanism is dependent upon factors 
additional to those involved in base pairing. Thus, the 
specificity of action of a ribozyme can be greater than that 
of antisense oligonucleotide binding the same RNA site. 
0306 The ribozyme of the invention, e.g., an enzymatic 
ribozyme RNA molecule, can be formed in a hammerhead 
motif a hairpin motif, as a hepatitis delta virus motif, a 
group I intron motif and/or an RNaseP-like RNA in asso 
ciation with an RNA guide sequence. Examples of hammer 
head motifs are described by, e.g., Rossi (1992) Aids 
Research and Human Retroviruses 8:183; hairpin motifs by 
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Hampel (1989) Biochemistry 28:4929, and Hampel (1990) 
Nuc. Acids Res. 18:299; the hepatitis delta virus motif by 
Perrotta (1992) Biochemistry 31:16: the RNaseP motif by 
Guerrier-Takada (1983) Cell 35:849; and the group I intron 
by Cech U.S. Pat. No. 4,987,071. The recitation of these 
specific motifs is not intended to be limiting. Those skilled 
in the art will recognize that a ribozyme of the invention, 
e.g., an enzymatic RNA molecule of this invention, can have 
a specific Substrate binding site complementary to one or 
more of the target gene RNA regions. A ribozyme of the 
invention can have a nucleotide sequence within or Sur 
rounding that substrate binding site which imparts an RNA 
cleaving activity to the molecule. 
0307 RNA Interference (RNAi) 
0308. In one aspect, the invention provides an RNA 
inhibitory molecule, a so-called “RNAi molecule, compris 
ing a sequence of the invention. The RNAi molecule com 
prises a double-stranded RNA (dsRNA) molecule. The 
RNAi can inhibit expression of a nucleic acid encoding a 
polypeptide involved in chlorophyll catabolism or having an 
esterase (e.g., chlorophyllase) activity, e.g., as described 
herein. In one aspect, the RNAi is about 15, 16, 17, 18, 19, 
20, 21, 22, 23, 24, 25 or more duplex nucleotides in length. 
While the invention is not limited by any particular mecha 
nism of action, the RNAi can enter a cell and cause the 
degradation of a single-stranded RNA (ssRNA) of similar or 
identical sequences, including endogenous mRNAS. When a 
cell is exposed to double-stranded RNA (dsRNA), mRNA 
from the homologous gene is selectively degraded by a 
process called RNA interference (RNAi). A possible basic 
mechanism behind RNAi is the breaking of a double 
Stranded RNA (dsRNA) matching a specific gene sequence 
into short pieces called short interfering RNA, which trigger 
the degradation of mRNA that matches its sequence. In one 
aspect, the RNAi’s of the invention are used in gene 
silencing therapeutics, see, e.g., Shuey (2002) Drug Discov. 
Today 7: 1040-1046. In one aspect, the invention provides 
methods to selectively degrade RNA using the RNAi’s of 
the invention. The process may be practiced in vitro, ex vivo 
or in vivo. In one aspect, the RNAi molecules of the 
invention can be used to generate a loss-of-function muta 
tion in a cell, an organ oran animal. Methods for making and 
using RNAi molecules for selectively degrade RNA are well 
known in the art, see, e.g., U.S. Pat. Nos. 6,506.559: 
6,511,824; 6,515, 109; 6,489,127. 
0309 Modification of Nucleic Acids 
0310. The invention provides methods of generating vari 
ants of the nucleic acids of the invention, e.g., those encod 
ing a polypeptide involved in chlorophyll catabolism or 
having an esterase (e.g., chlorophyllase) activity, e.g., 
enzymes described herein. These methods can be repeated or 
used in various combinations to generate polypeptides 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity having an altered or different 
activity or an altered or different stability from that of an 
enzyme encoded by the template nucleic acid. These meth 
ods also can be repeated or used in various combinations, 
e.g., to generate variations in gene/message expression, 
message translation or message stability. In another aspect, 
the genetic composition of a cell is altered by, e.g., modi 
fication of a homologous gene ex vivo, followed by its 
reinsertion into the cell. 

0311. A nucleic acid of the invention can be altered by 
any means. For example, random or stochastic methods, or, 
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non-stochastic, or “directed evolution,” methods, see, e.g., 
U.S. Pat. No. 6,361974. Methods for random mutation of 
genes are well known in the art, see, e.g., U.S. Pat. No. 
5.830,696. For example, mutagens can be used to randomly 
mutate a gene. Mutagens include, e.g., ultraviolet light or 
gamma irradiation, or a chemical mutagen, e.g., mitomycin, 
nitrous acid, photoactivated psoralens, alone or in combi 
nation, to induce DNA breaks amenable to repair by recom 
bination. Other chemical mutagens include, for example, 
Sodium bisulfite, nitrous acid, hydroxylamine, hydrazine or 
formic acid. Other mutagens are analogues of nucleotide 
precursors, e.g., nitrosoguanidine, 5-bromouracil, 2-ami 
nopurine, or acridine. These agents can be added to a PCR 
reaction in place of the nucleotide precursor thereby mutat 
ing the sequence. Intercalating agents such as proflavine, 
acriflavine, quinacrine and the like can also be used. 
0312 Any technique in molecular biology can be used, 
e.g., random PCR mutagenesis, see, e.g., Rice (1992) Proc. 
Natl. Acad. Sci. USA 89:5467-5471; or, combinatorial mul 
tiple cassette mutagenesis, see, e.g., Crameri (1995) Bio 
techniques 18:194-196. Alternatively, nucleic acids, e.g., 
genes, can be reassembled after random, or “stochastic.” 
fragmentation, see, e.g., U.S. Pat. Nos. 6,291,242; 6.287. 
862; 6,287,861; 5,955,358; 5,830,721; 5,824,514; 5,811, 
238; 5.605,793. In alternative aspects, modifications, addi 
tions or deletions are introduced by error-prone PCR, 
shuffling, oligonucleotide-directed mutagenesis, assembly 
PCR, sexual PCR mutagenesis, in vivo mutagenesis, cas 
Sette mutagenesis, recursive ensemble mutagenesis, expo 
nential ensemble mutagenesis, site-specific mutagenesis, 
gene reassembly, Gene Site Saturation MutagenesisTM 
(GSSMTM), synthetic ligation reassembly (SLR), recombi 
nation, recursive sequence recombination, phosphothioate 
modified DNA mutagenesis, uracil-containing template 
mutagenesis, gapped duplex mutagenesis, point mismatch 
repair mutagenesis, repair-deficient host strain mutagenesis, 
chemical mutagenesis, radiogenic mutagenesis, deletion 
mutagenesis, restriction-selection mutagenesis, restriction 
purification mutagenesis, artificial gene synthesis, ensemble 
mutagenesis, chimeric nucleic acid multimer creation, and/ 
or a combination of these and other methods. 

0313 The following publications describe a variety of 
recursive recombination procedures and/or methods which 
can be incorporated into the methods of the invention: 
Stemmer (1999) “Molecular breeding of viruses for target 
ing and other clinical properties' Tumor Targeting 4.1-4. 
Ness (1999) Nature Biotechnology 17:893-896; Chang 
(1999) “Evolution of a cytokine using DNA family shuf 
fling Nature Biotechnology 17:793-797; Minshull (1999) 
“Protein evolution by molecular breeding Current Opinion 
in Chemical Biology 3:284-290; Christians (1999) 
“Directed evolution of thymidine kinase for AZT phospho 
rylation using DNA family shuffling Nature Biotechnology 
17:259-264; Crameri (1998) “DNA shuffling of a family of 
genes from diverse species accelerates directed evolution” 
Nature 391:288-291; Crameri (1997) “Molecular evolution 
of an arsenate detoxification pathway by DNA shuffling.” 
Nature Biotechnology 15:436-438; Zhang (1997) “Directed 
evolution of an effective fucosidase from a galactosidase by 
DNA shuffling and screening Proc. Natl. Acad. Sci. USA 
94:4504-4509: Patten et al. (1997) “Applications of DNA 
Shuffling to Pharmaceuticals and Vaccines’ Current Opinion 
in Biotechnology 8:724-733; Crameri et al. (1996) “Con 
struction and evolution of antibody-phage libraries by DNA 
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shuffling Nature Medicine 2:100-103: Gates et al. (1996) 
“Affinity selective isolation of ligands from peptide libraries 
through display on a lac repressor headpiece dimer' Jour 
nal of Molecular Biology 255:373-386; Stemmer (1996) 
“Sexual PCR and Assembly PCR” In: The Encyclopedia of 
Molecular Biology. VCH Publishers, New York. pp. 447 
457; Crameri and Stemmer (1995) “Combinatorial multiple 
cassette mutagenesis creates all the permutations of mutant 
and wildtype cassettes’ BioTechniques 18:194-195; Stem 
meret al. (1995) “Single-step assembly of a gene and entire 
plasmid form large numbers of oligodeoxyribonucleotides’ 
Gene, 164:49-53; Stemmer (1995) “The Evolution of 
Molecular Computation” Science 270: 1510; Stemmer 
(1995) “Searching Sequence Space” Bio/Technology 
13:549-553; Stemmer (1994) “Rapid evolution of a protein 
in vitro by DNA shuffling Nature 370:389-391; and Stem 
mer (1994) “DNA shuffling by random fragmentation and 
reassembly: In vitro recombination for molecular evolu 
tion. Proc. Natl. Acad. Sci. USA 91:10747-10751. 

0314 Mutational methods of generating diversity 
include, for example, site-directed mutagenesis (Ling et al. 
(1997) “Approaches to DNA mutagenesis: an overview’ 
Anal Biochem. 254(2): 157-178; Dale et al. (1996) “Oligo 
nucleotide-directed random mutagenesis using the phospho 
rothioate method Methods Mol. Biol. 57:369-374; Smith 
(1985) “In vitro mutagenesis' Ann. Rev. Genet. 19:423-462; 
Botstein & Shortle (1985) “Strategies and applications of in 
vitro mutagenesis' Science 229:1193-1201; Carter (1986) 
“Site-directed mutagenesis' Biochem. J. 237:1-7: and 
Kunkel (1987) “The efficiency of oligonucleotide directed 
mutagenesis' in Nucleic Acids & Molecular Biology (Eck 
stein, F. and Lilley, D. M. J. eds. Springer Verlag, Berlin)); 
mutagenesis using uracil containing templates (Kunkel 
(1985) “Rapid and efficient site-specific mutagenesis with 
out phenotypic selection” Proc. Natl. Acad. Sci. USA 
82:488-492: Kunkel et al. (1987) “Rapid and efficient site 
specific mutagenesis without phenotypic selection' Methods 
in Enzymol. 154, 367-382; and Bass et al. (1988) “Mutant 
Trp repressors with new DNA-binding specificities’ Science 
242:240-245); oligonucleotide-directed mutagenesis (Meth 
ods in Enzymol. 100: 468-500 (1983); Methods in Enzymol. 
154: 329-350 (1987); Zoller (1982) “Oligonucleotide-di 
rected mutagenesis using M13-derived vectors: an efficient 
and general procedure for the production of point mutations 
in any DNA fragment' Nucleic Acids Res. 10:6487-6500; 
Zoller & Smith (1983) “Oligonucleotide-directed mutagen 
esis of DNA fragments cloned into M13 vectors' Methods 
in Enzymol. 100:468-500; and Zoller (1987) Oligonucle 
otide-directed mutagenesis: a simple method using two 
oligonucleotide primers and a single-stranded DNA tem 
plate' Methods in Enzymol. 154:329-350); phosphorothio 
ate-modified DNA mutagenesis (Taylor (1985) “The use of 
phosphorothioate-modified DNA in restriction enzyme reac 
tions to prepare nicked DNA' Nucl. Acids Res. 13: 8749 
8764; Taylor (1985) “The rapid generation of oligonucle 
otide-directed mutations at high frequency using 
phosphorothioate-modified DNA' Nucl. Acids Res. 13: 
8765-8787 (1985): Nakamaye (1986) “Inhibition of restric 
tion endonuclease Nici I cleavage by phosphorothioate 
groups and its application to oligonucleotide-directed 
mutagenesis' Nucl. Acids Res. 14: 9679–9698; Sayers 
(1988) “Y-T Exonucleases in phosphorothioate-based oligo 
nucleotide-directed mutagenesis' Nucl. Acids Res. 16:791 
802; and Sayers et al. (1988) "Strand specific cleavage of 
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phosphorothioate-containing DNA by reaction with restric 
tion endonucleases in the presence of ethidium bromide' 
Nucl. Acids Res. 16: 803-814); mutagenesis using gapped 
duplex DNA (Kramer et al. (1984) “The gapped duplex 
DNA approach to oligonucleotide-directed mutation con 
struction' Nucl. Acids Res. 12: 9441-9456; Kramer & Fritz 
(1987) Methods in Enzymol. “Oligonucleotide-directed 
construction of mutations via gapped duplex DNA' 154: 
350-367; Kramer (1988) “Improved enzymatic in vitro 
reactions in the gapped duplex DNA approach to oligonucle 
otide-directed construction of mutations' Nucl. Acids Res. 
16: 7207; and Fritz (1988) “Oligonucleotide-directed con 
struction of mutations: a gapped duplex DNA procedure 
without enzymatic reactions in vitro Nucl. Acids Res. 16: 
6987-6999). 
0315 Additional protocols that can be used to practice 
the invention include point mismatch repair (Kramer (1984) 
“Point Mismatch Repair Cell 38:879-887), mutagenesis 
using repair-deficient host strains (Carter et al. (1985) 
“Improved oligonucleotide site-directed mutagenesis using 
M13 vectors' Nucl. Acids Res. 13: 4431-4443; and Carter 
(1987) “Improved oligonucleotide-directed mutagenesis 
using M13 vectors' Methods in Enzymol. 154: 382-403), 
deletion mutagenesis (Eghtedarzadeh (1986) “Use of oligo 
nucleotides to generate large deletions' Nucl. Acids Res. 14: 
5115), restriction-selection and restriction-selection and 
restriction-purification (Wells et al. (1986) “Importance of 
hydrogen-bond formation in stabilizing the transition state 
of subtilisin' Phil. Trans. R. Soc. Lond. A 317: 415-423), 
mutagenesis by total gene synthesis (Nambiar et al. (1984) 
“Total synthesis and cloning of a gene coding for the 
ribonuclease S protein’ Science 223: 1299-1301: Sakamar 
(1988) “Total synthesis and expression of a gene for the 
a-Subunit of bovine rod outer segment guanine nucleotide 
binding protein (transducin) Nucl. Acids Res. 14: 6361 
6372; Wells et al. (1985) “Cassette mutagenesis: an efficient 
method for generation of multiple mutations at defined sites’ 
Gene 34:315-323; and Grundstrom et al. (1985) “Oligo 
nucleotide-directed mutagenesis by microscale shot-gun 
gene synthesis' Nucl. Acids Res. 13: 3305-3316), double 
strand break repair (Mandecki (1986); Arnold (1993) “Pro 
tein engineering for unusual environments’ Current Opinion 
in Biotechnology 4:450-455. “Oligonucleotide-directed 
double-strand break repair in plasmids of Escherichia coli: 
a method for site-specific mutagenesis' Proc. Natl. Acad. 
Sci. USA, 83:7177-7181). Additional details on many of the 
above methods can be found in Methods in Enzymology 
Volume 154, which also describes useful controls for 
trouble-shooting problems with various mutagenesis meth 
ods. 

0316 Protocols that can be used to practice the invention 
are described, e.g., in U.S. Pat. No. 5,605,793 to Stemmer 
(Feb. 25, 1997), “Methods for In Vitro Recombination.” 
U.S. Pat. No. 5,811.238 to Stemmer et al. (Sep. 22, 1998) 
“Methods for Generating Polynucleotides having Desired 
Characteristics by Iterative Selection and Recombination: 
U.S. Pat. No. 5,830,721 to Stemmer et al. (Nov. 3, 1998), 
“DNA Mutagenesis by Random Fragmentation and Reas 
sembly;” U.S. Pat. No. 5,834,252 to Stemmer, et al. (Nov. 
10, 1998) “End-Complementary Polymerase Reaction: 
U.S. Pat. No. 5,837,458 to Minshull, et al. (Nov. 17, 1998), 
“Methods and Compositions for Cellular and Metabolic 
Engineering:” WO 95/22625, Stemmer and Crameri, 
“Mutagenesis by Random Fragmentation and Reassembly;' 
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WO 96/33207 by Stemmer and Lipschutz “End Comple 
mentary Polymerase Chain Reaction:” WO 97/20078 by 
Stemmer and Crameri “Methods for Generating Polynucle 
otides having Desired Characteristics by Iterative Selection 
and Recombination:” WO97/35966 by Minshull and Stem 
mer, “Methods and Compositions for Cellular and Metabolic 
Engineering:” WO99/41402 by Punnonen et al. “Targeting 
of Genetic Vaccine Vectors:” WO99/41383 by Punnonen et 
al. “Antigen Library Immunization.” WO99/41369 by Pun 
nonen et al. “Genetic Vaccine Vector Engineering:” WO 
99/41368 by Punnonen et al. “Optimization of Immuno 
modulatory Properties of Genetic Vaccines:” EP 752008 by 
Stemmer and Crameri, “DNA Mutagenesis by Random 
Fragmentation and Reassembly;” EP 0932670 by Stemmer 
“Evolving Cellular DNA Uptake by Recursive Sequence 
Recombination:” WO99/23107 by Stemmer et al., “Modi 
fication of Virus Tropism and Host Range by Viral Genome 
Shuffling.” WO 99/21979 by Apt et al., “Human Papillo 
mavirus Vectors:” WO 98/31837 by del Cardayre et al. 
“Evolution of Whole Cells and Organisms by Recursive 
Sequence Recombination:” WO 98/27230 by Patten and 
Stemmer, “Methods and Compositions for Polypeptide 
Engineering:” WO 98/27230 by Stemmer et al., “Methods 
for Optimization of Gene Therapy by Recursive Sequence 
Shuffling and Selection.” WO 00/00632, “Methods for Gen 
erating Highly Diverse Libraries.” WO 00/09679, “Methods 
for Obtaining in Vitro Recombined Polynucleotide 
Sequence Banks and Resulting Sequences.” WO 98/42832 
by Arnold et al., “Recombination of Polynucleotide 
Sequences. Using Random or Defined Primers.” WO 
99/29902 by Arnold et al., “Method for Creating Polynucle 
otide and Polypeptide Sequences.” WO 98/41653 by Vind, 
“An in Vitro Method for Construction of a DNA Library.” 
WO 98/41622 by Borchert et al., “Method for Constructing 
a Library Using DNA Shuffling,” and WO 98/.42727 by Pati 
and Zarling, “Sequence Alterations using Homologous 
Recombination.” 

0317 Protocols that can be used to practice the invention 
(providing details regarding various diversity generating 
methods) are described, e.g., in U.S. patent application Ser. 
No. 09/407,800, “SHUFFLING OF CODON ALTERED 
GENES’ by Patten et al. filed Sep. 28, 1999; “EVOLUTION 
OF WHOLE CELLS AND ORGANISMS BY RECUR 
SIVE SEQUENCE RECOMBINATION” by del Cardayre et 
al., U.S. Pat. No. 6,379,964; “OLIGONUCLEOTIDE 
MEDIATED NUCLEIC ACID RECOMBINATION” by 
Crameri et al., U.S. Pat. Nos. 6,319,714; 6,368,861; 6,376, 
246; 6,423,542; 6,426,224 and PCT/USOO/O1203: “USE OF 
CODON-VARIED OLIGONUCLEOTIDE SYNTHESIS 
FORSYNTHETIC SHUFFLING” by Welch et al., U.S. Pat. 
No. 6,436,675; “METHODS FOR MAKING CHARAC 
TER STRINGS, POLYNUCLEOTIDES & POLYPEP 
TIDES HAVING DESIRED CHARACTERISTICS” by 
Selifonov et al., filed Jan. 18, 2000, (PCT/US00/01202) and, 
e.g. “METHODS FOR MAKING CHARACTER 
STRINGS, POLYNUCLEOTIDES & POLYPEPTIDES 
HAVING DESIRED CHARACTERISTICS” by Selifonov 
et al., filed Jul. 18, 2000 (U.S. Ser. No. 09/618,579); 
METHODS OF POPULATING DATA STRUCTURES 
FOR USE IN EVOLUTIONARY SIMULATIONS” by Seli 
fonov and Stemmer, filed Jan. 18, 2000 (PCT/US00/01138): 
and SINGLE-STRANDED NUCLEIC ACID TEM 
PLATE-MEDIATED RECOMBINATION AND NUCLEIC 
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ACID FRAGMENT ISOLATION” by Affholter, filed Sep. 
6, 2000 (U.S. Ser. No. 09/656,549); and U.S. Pat. Nos. 
6,177.263; 6,153,410. 
0318 Non-stochastic, or “directed evolution,” methods 
include, e.g., Gene Site Saturation Mutagenesis (GSSM), 
synthetic ligation reassembly (SLR), or a combination 
thereof are used to modify the nucleic acids of the invention 
to generate polypeptides involved in chlorophyll catabolism 
or having an esterase (e.g., chlorophylase) activity with new 
or altered properties (e.g., activity under highly acidic or 
alkaline conditions, high or low temperatures, and the like). 
Polypeptides encoded by the modified nucleic acids can be 
screened for an activity before testing for glucan or other 
polysaccharide hydrolysis or other activity. Any testing 
modality or protocol can be used, e.g., using a capillary array 
platform. See, e.g., U.S. Pat. Nos. 6,361,974; 6.280,926: 
5,939,250. 
03.19 Gene Site Saturation Mutagenesis (GSSM) 
0320 In one aspect, codon primers containing a degen 
erate N.N.G/T sequence are used to introduce point muta 
tions into a polynucleotide, e.g., a nucleic acid of the 
invention, so as to generate a set of progeny polypeptides in 
which a full range of single amino acid Substitutions is 
represented at each amino acid position, e.g., an amino acid 
residue in an enzyme active site (catalytic domains (CDS)) 
or ligand binding site targeted to be modified. These oligo 
nucleotides can comprise a contiguous first homologous 
sequence, a degenerate N.N.G/T sequence, and, optionally, 
a second homologous sequence. The downstream progeny 
translational products from the use of Such oligonucleotides 
include all possible amino acid changes at each amino acid 
site along the polypeptide, because the degeneracy of the 
N.N.G/T sequence includes codons for all 20 amino acids. In 
one aspect, one such degenerate oligonucleotide (comprised 
of e.g., one degenerate N.N.G/T cassette) is used for Sub 
jecting each original codon in a parental polynucleotide 
template to a full range of codon Substitutions. In another 
aspect, at least two degenerate cassettes are used—either in 
the same oligonucleotide or not, for Subjecting at least two 
original codons in a parental polynucleotide template to a 
full range of codon Substitutions. For example, more than 
one N.N.G/T sequence can be contained in one oligonucle 
otide to introduce amino acid mutations at more than one 
site. This plurality of N.N.G/T sequences can be directly 
contiguous, or separated by one or more additional nucle 
otide sequence(s). In another aspect, oligonucleotides Ser 
Viceable for introducing additions and deletions can be used 
either alone or in combination with the codons containing an 
N.N.G/T sequence, to introduce any combination or permu 
tation of amino acid additions, deletions, and/or substitu 
tions. 

0321. In one aspect, simultaneous mutagenesis of two or 
more contiguous amino acid positions is done using an 
oligonucleotide that contains contiguous N.N.G/T triplets, 
i.e. a degenerate (N.N.G/T)n sequence. In another aspect, 
degenerate cassettes having less degeneracy than the N.N. 
G/T sequence are used. For example, it may be desirable in 
Some instances to use (e.g. in an oligonucleotide) a degen 
erate triplet sequence comprised of only one N, where said 
N can be in the first second or third position of the triplet. 
Any other bases including any combinations and permuta 
tions thereof can be used in the remaining two positions of 
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the triplet. Alternatively, it may be desirable in some 
instances to use (e.g. in an oligo) a degenerate N.N.N triplet 
Sequence. 

0322. In one aspect, use of degenerate triplets (e.g., 
N.N.G/T triplets) allows for systematic and easy generation 
of a full range of possible natural amino acids (for a total of 
20 amino acids) into each and every amino acid position in 
a polypeptide (in alternative aspects, the methods also 
include generation of less than all possible Substitutions per 
amino acid residue, or codon, position). For example, for a 
100 amino acid polypeptide, 2000 distinct species (i.e. 20 
possible amino acids per position X 100 amino acid posi 
tions) can be generated. Through the use of an oligonucle 
otide or set of oligonucleotides containing a degenerate 
N.N.G/T triplet, 32 individual sequences can code for all 20 
possible natural amino acids. Thus, in a reaction vessel in 
which a parental polynucleotide sequence is subjected to 
saturation mutagenesis using at least one such oligonucle 
otide, there are generated 32 distinct progeny polynucle 
otides encoding 20 distinct polypeptides. In contrast, the use 
of a non-degenerate oligonucleotide in site-directed 
mutagenesis leads to only one progeny polypeptide product 
per reaction vessel. Nondegenerate oligonucleotides can 
optionally be used in combination with degenerate primers 
disclosed; for example, nondegenerate oligonucleotides can 
be used to generate specific point mutations in a working 
polynucleotide. This provides one means to generate spe 
cific silent point mutations, point mutations leading to 
corresponding amino acid changes, and point mutations that 
cause the generation of stop codons and the corresponding 
expression of polypeptide fragments. 
0323 In one aspect, each saturation mutagenesis reaction 
vessel contains polynucleotides encoding at least 20 progeny 
polypeptide (e.g., polypeptides of the invention involved in 
chlorophyll catabolism or having an esterase (e.g., chloro 
phyllase) activity) molecules such that all 20 natural amino 
acids are represented at the one specific amino acid position 
corresponding to the codon position mutagenized in the 
parental polynucleotide (other aspects use less than all 20 
natural combinations). The 32-fold degenerate progeny 
polypeptides generated from each saturation mutagenesis 
reaction vessel can be subjected to clonal amplification (e.g. 
cloned into a suitable host, e.g., E. coli host, using, e.g., an 
expression vector) and Subjected to expression screening. 
When an individual progeny polypeptide is identified by 
screening to display a favorable change in property (when 
compared to the parental polypeptide. Such as increased 
glucan hydrolysis activity under alkaline or acidic condi 
tions), it can be sequenced to identify the correspondingly 
favorable amino acid substitution contained therein. 
0324. In one aspect, upon mutagenizing each and every 
amino acid position in a parental polypeptide using satura 
tion mutagenesis as disclosed herein, favorable amino acid 
changes may be identified at more than one amino acid 
position. One or more new progeny molecules can be 
generated that contain a combination of all or part of these 
favorable amino acid substitutions. For example, if 2 spe 
cific favorable amino acid changes are identified in each of 
3 amino acid positions in a polypeptide, the permutations 
include 3 possibilities at each position (no change from the 
original amino acid, and each of two favorable changes) and 
3 positions. Thus, there are 3x3x3 or 27 total possibilities, 
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including 7 that were previously examined—6 single point 
mutations (i.e. 2 at each of three positions) and no change at 
any position. 
0325 In yet another aspect, site-saturation mutagenesis 
can be used together with shuffling, chimerization, recom 
bination and other mutagenizing processes, along with 
screening. This invention provides for the use of any 
mutagenizing process(es), including Saturation mutagenesis, 
in an iterative manner. In one exemplification, the iterative 
use of any mutagenizing process(es) is used in combination 
with screening. 
0326. The invention also provides for the use of propri 
etary codon primers (containing a degenerate N.N.N 
sequence) to introduce point mutations into a polynucle 
otide, so as to generate a set of progeny polypeptides in 
which a full range of single amino acid Substitutions is 
represented at each amino acid position (Gene Site Satura 
tion MutagenesisTM (GSSMTM)). The oligos used are com 
prised contiguously of a first homologous sequence, a 
degenerate N.N.N sequence and in one aspect but not 
necessarily a second homologous sequence. The down 
stream progeny translational products from the use of Such 
oligos include all possible amino acid changes at each amino 
acid site along the polypeptide, because the degeneracy of 
the N.N.N sequence includes codons for all 20 amino acids. 
0327 In one aspect, one Such degenerate oligo (com 
prised of one degenerate N.N.N cassette) is used for sub 
jecting each original codon in a parental polynucleotide 
template to a full range of codon Substitutions. In another 
aspect, at least two degenerate N.N.N cassettes are used— 
either in the same oligo or not, for Subjecting at least two 
original codons in a parental polynucleotide template to a 
full range of codon Substitutions. Thus, more than one 
N.N.N sequence can be contained in one oligo to introduce 
amino acid mutations at more than one site. This plurality of 
N.N.N sequences can be directly contiguous, or separated by 
one or more additional nucleotide sequence(s). In another 
aspect, oligos serviceable for introducing additions and 
deletions can be used either alone or in combination with the 
codons containing an N.N.N sequence, to introduce any 
combination or permutation of amino acid additions, dele 
tions and/or Substitutions. 
0328. In a particular exemplification, it is possible to 
simultaneously mutagenize two or more contiguous amino 
acid positions using an oligo that contains contiguous N.N.N 
triplets, i.e. a degenerate (N.N.N), sequence. 
0329. In another aspect, the present invention provides 
for the use of degenerate cassettes having less degeneracy 
than the N.N.N sequence. For example, it may be desirable 
in Some instances to use (e.g. in an oligo) a degenerate triplet 
sequence comprised of only one N, where the N can be in 
the first second or third position of the triplet. Any other 
bases including any combinations and permutations thereof 
can be used in the remaining two positions of the triplet. 
Alternatively, it may be desirable in some instances to use 
(e.g., in an oligo) a degenerate N.N.N triplet sequence, 
N.N.G/T, or an N.N. G/C triplet sequence. 
0330. It is appreciated, however, that the use of a degen 
erate triplet (such as N.N.G/T or an N.N. G/C triplet 
sequence) as disclosed in the instant invention is advanta 
geous for several reasons. In one aspect, this invention 
provides a means to systematically and fairly easily generate 
the substitution of the full range of possible amino acids (for 
a total of 20 amino acids) into each and every amino acid 



US 2008/0070291 A1 

position in a polypeptide. Thus, for a 100 amino acid 
polypeptide, the invention provides a way to systematically 
and fairly easily generate 2000 distinct species (i.e., 20 
possible amino acids per position times 100 amino acid 
positions). It is appreciated that there is provided, through 
the use of an oligo containing a degenerate N.N.G/T or an 
N.N. G/C triplet sequence, 32 individual sequences that 
code for 20 possible amino acids. Thus, in a reaction vessel 
in which a parental polynucleotide sequence is subjected to 
saturation mutagenesis using one such oligo, there are 
generated 32 distinct progeny polynucleotides encoding 20 
distinct polypeptides. In contrast, the use of a non-degener 
ate oligo in site-directed mutagenesis leads to only one 
progeny polypeptide product per reaction vessel. 
0331. This invention also provides for the use of nonde 
generate oligos, which can optionally be used in combina 
tion with degenerate primers disclosed. It is appreciated that 
in Some situations, it is advantageous to use nondegenerate 
oligos to generate specific point mutations in a working 
polynucleotide. This provides a means to generate specific 
silent point mutations, point mutations leading to corre 
sponding amino acid changes and point mutations that cause 
the generation of stop codons and the corresponding expres 
sion of polypeptide fragments. 
0332 Thus, in one aspect of this invention, each satura 
tion mutagenesis reaction vessel contains polynucleotides 
encoding at least 20 progeny polypeptide molecules Such 
that all 20 amino acids are represented at the one specific 
amino acid position corresponding to the codon position 
mutagenized in the parental polynucleotide. The 32-fold 
degenerate progeny polypeptides generated from each Satu 
ration mutagenesis reaction vessel can be subjected to clonal 
amplification (e.g., cloned into a Suitable E. coli host using 
an expression vector) and Subjected to expression screening. 
When an individual progeny polypeptide is identified by 
screening to display a favorable change in property (when 
compared to the parental polypeptide), it can be sequenced 
to identify the correspondingly favorable amino acid Sub 
stitution contained therein. 
0333. It is appreciated that upon mutagenizing each and 
every amino acid position in a parental polypeptide using 
saturation mutagenesis as disclosed herein, favorable amino 
acid changes may be identified at more than one amino acid 
position. One or more new progeny molecules can be 
generated that contain a combination of all or part of these 
favorable amino acid substitutions. For example, if 2 spe 
cific favorable amino acid changes are identified in each of 
3 amino acid positions in a polypeptide, the permutations 
include 3 possibilities at each position (no change from the 
original amino acid and each of two favorable changes) and 
3 positions. Thus, there are 3x3x3 or 27 total possibilities, 
including 7 that were previously examined—6 single point 
mutations (i.e., 2 at each of three positions) and no change 
at any position. 
0334 Thus, in a non-limiting exemplification, this inven 
tion provides for the use of Saturation mutagenesis in 
combination with additional mutagenization processes. Such 
as process where two or more related polynucleotides are 
introduced into a suitable host cell such that a hybrid 
polynucleotide is generated by recombination and reductive 
reaSSOrtment. 

0335. In addition to performing mutagenesis along the 
entire sequence of a gene, the instant invention provides that 
mutagenesis can be use to replace each of any number of 
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bases in a polynucleotide sequence, wherein the number of 
bases to be mutagenized is in one aspect every integer from 
15 to 100,000. Thus, instead of mutagenizing every position 
along a molecule, one can Subject every or a discrete number 
of bases (in one aspect a subset totaling from 15 to 100,000) 
to mutagenesis. In one aspect, a separate nucleotide is used 
for mutagenizing each position or group of positions along 
a polynucleotide sequence. A group of 3 positions to be 
mutagenized may be a codon. The mutations can be intro 
duced using a mutagenic primer, containing a heterologous 
cassette, also referred to as a mutagenic cassette. Exemplary 
cassettes can have from 1 to 500 bases. Each nucleotide 
position in Such heterologous cassettes be N, A, C, G, T, 
A/C, A/G, A/T, C/G, C/T, G/T, C/G/T, A/G/T, A/C/T, A/C/G, 
or E, where E is any base that is not A, C, G, or T (E can be 
referred to as a designer oligo). 
0336. In a general sense, Saturation mutagenesis is com 
prised of mutagenizing a complete set of mutagenic cas 
settes (wherein each cassette is in one aspect about 1-500 
bases in length) in defined polynucleotide sequence to be 
mutagenized (wherein the sequence to be mutagenized is in 
one aspect from about 15 to 100,000 bases in length). Thus, 
a group of mutations (ranging from 1 to 100 mutations) is 
introduced into each cassette to be mutagenized. A grouping 
of mutations to be introduced into one cassette can be 
different or the same from a second grouping of mutations 
to be introduced into a second cassette during the application 
of one round of Saturation mutagenesis. Such groupings are 
exemplified by deletions, additions, groupings of particular 
codons and groupings of particular nucleotide cassettes. 
0337 Defined sequences to be mutagenized include a 
whole gene, pathway, cDNA, an entire open reading frame 
(ORF) and entire promoter, enhancer, repressor/transactiva 
tor, origin of replication, intron, operator, or any polynucle 
otide functional group. Generally, a "defined sequences” for 
this purpose may be any polynucleotide that a 15 base 
polynucleotide sequence and polynucleotide sequences of 
lengths between 15 bases and 15,000 bases (this invention 
specifically names every integer in between). Considerations 
in choosing groupings of codons include types of amino 
acids encoded by a degenerate mutagenic cassette. 
0338. In one exemplification a grouping of mutations that 
can be introduced into a mutagenic cassette, this invention 
specifically provides for degenerate codon Substitutions (us 
ing degenerate oligos) that code for 2, 3, 4, 5, 6, 7, 8, 9, 10. 
11, 12, 13, 14, 15, 16, 17, 18, 19 and 20 amino acids at each 
position and a library of polypeptides encoded thereby. 
0339 Synthetic Ligation Reassembly (SLR) 
0340. The invention provides a non-stochastic gene 
modification system termed “synthetic ligation reassembly.” 
or simply “SLR,” a “directed evolution process.' to generate 
polypeptides, e.g., enzymes of the invention, with new or 
altered properties. 
0341 SLR is a method of ligating oligonucleotide frag 
ments together non-stochastically. This method differs from 
stochastic oligonucleotide shuffling in that the nucleic acid 
building blocks are not shuffled, concatenated or chimerized 
randomly, but rather are assembled non-stochastically. See, 
e.g., U.S. patent application Ser. No. 09/332,835 entitled 
“Synthetic Ligation Reassembly in Directed Evolution” and 
filed on Jun. 14, 1999 (“U.S. Ser. No. 09/332,835'). In one 
aspect, SLR comprises the following steps: (a) providing a 
template polynucleotide, wherein the template polynucle 
otide comprises sequence encoding a homologous gene; (b) 
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providing a plurality of building block polynucleotides, 
wherein the building block polynucleotides are designed to 
cross-over reassemble with the template polynucleotide at a 
predetermined sequence, and a building block polynucle 
otide comprises a sequence that is a variant of the homolo 
gous gene and a sequence homologous to the template 
polynucleotide flanking the variant sequence; (c) combining 
a building block polynucleotide with a template polynucle 
otide such that the building block polynucleotide cross-over 
reassembles with the template polynucleotide to generate 
polynucleotides comprising homologous gene sequence 
variations. 

0342 SLR does not depend on the presence of high levels 
of homology between polynucleotides to be rearranged. 
Thus, this method can be used to non-stochastically generate 
libraries (or sets) of progeny molecules comprised of over 
10 different chimeras. SLR can be used to generate librar 
ies comprised of over 10" different progeny chimeras. 
Thus, aspects of the present invention include non-stochastic 
methods of producing a set of finalized chimeric nucleic acid 
molecule shaving an overall assembly order that is chosen 
by design. This method includes the steps of generating by 
design a plurality of specific nucleic acid building blocks 
having serviceable mutually compatible ligatable ends, and 
assembling these nucleic acid building blocks, such that a 
designed overall assembly order is achieved. 
0343. The mutually compatible ligatable ends of the 
nucleic acid building blocks to be assembled are considered 
to be "serviceable” for this type of ordered assembly if they 
enable the building blocks to be coupled in predetermined 
orders. Thus, the overall assembly order in which the nucleic 
acid building blocks can be coupled is specified by the 
design of the ligatable ends. If more than one assembly step 
is to be used, then the overall assembly order in which the 
nucleic acid building blocks can be coupled is also specified 
by the sequential order of the assembly step(s). In one 
aspect, the annealed building pieces are treated with an 
enzyme. Such as a ligase (e.g. T4 DNA ligase), to achieve 
covalent bonding of the building pieces. 
0344. In one aspect, the design of the oligonucleotide 
building blocks is obtained by analyzing a set of progenitor 
nucleic acid sequence templates that serve as a basis for 
producing a progeny set of finalized chimeric polynucle 
otides. These parental oligonucleotide templates thus serve 
as a source of sequence information that aids in the design 
of the nucleic acid building blocks that are to be 
mutagenized, e.g., chimerized or shuffled. In one aspect of 
this method, the sequences of a plurality of parental nucleic 
acid templates are aligned in order to select one or more 
demarcation points. The demarcation points can be located 
at an area of homology, and are comprised of one or more 
nucleotides. These demarcation points are in one aspect 
shared by at least two of the progenitor templates. The 
demarcation points can thereby be used to delineate the 
boundaries of oligonucleotide building blocks to be gener 
ated in order to rearrange the parental polynucleotides. The 
demarcation points identified and selected in the progenitor 
molecules serve as potential chimerization points in the 
assembly of the final chimeric progeny molecules. A demar 
cation point can be an area of homology (comprised of at 
least one homologous nucleotide base) shared by at least two 
parental polynucleotide sequences. Alternatively, a demar 
cation point can be an area of homology that is shared by at 
least half of the parental polynucleotide sequences, or, it can 
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be an area of homology that is shared by at least two thirds 
of the parental polynucleotide sequences. Even more in one 
aspect a serviceable demarcation points is an area of homol 
ogy that is shared by at least three fourths of the parental 
polynucleotide sequences, or, it can be shared by at almost 
all of the parental polynucleotide sequences. In one aspect, 
a demarcation point is an area of homology that is shared by 
all of the parental polynucleotide sequences. 
0345. In one aspect, a ligation reassembly process is 
performed exhaustively in order to generate an exhaustive 
library of progeny chimeric polynucleotides. In other words, 
all possible ordered combinations of the nucleic acid build 
ing blocks are represented in the set of finalized chimeric 
nucleic acid molecules. At the same time, in another aspect, 
the assembly order (i.e. the order of assembly of each 
building block in the 5' to 3 sequence of each finalized 
chimeric nucleic acid) in each combination is by design (or 
non-stochastic) as described above. Because of the non 
stochastic nature of this invention, the possibility of 
unwanted side products is greatly reduced. 
0346. In another aspect, the ligation reassembly method 

is performed systematically. For example, the method is 
performed in order to generate a systematically compart 
mentalized library of progeny molecules, with compart 
ments that can be screened systematically, e.g. one by one. 
In other words this invention provides that, through the 
selective and judicious use of specific nucleic acid building 
blocks, coupled with the selective and judicious use of 
sequentially stepped assembly reactions, a design can be 
achieved where specific sets of progeny products are made 
in each of several reaction vessels. This allows a systematic 
examination and screening procedure to be performed. Thus, 
these methods allow a potentially very large number of 
progeny molecules to be examined systematically in Smaller 
groups. Because of its ability to perform chimerizations in a 
manner that is highly flexible yet exhaustive and systematic 
as well, particularly when there is a low level of homology 
among the progenitor molecules, these methods provide for 
the generation of a library (or set) comprised of a large 
number of progeny molecules. Because of the non-stochas 
tic nature of the instant ligation reassembly invention, the 
progeny molecules generated in one aspect comprise a 
library of finalized chimeric nucleic acid molecules having 
an overall assembly order that is chosen by design. The 
saturation mutagenesis and optimized directed evolution 
methods also can be used to generate different progeny 
molecular species. It is appreciated that the invention pro 
vides freedom of choice and control regarding the selection 
of demarcation points, the size and number of the nucleic 
acid building blocks, and the size and design of the cou 
plings. It is appreciated, furthermore, that the requirement 
for intermolecular homology is highly relaxed for the oper 
ability of this invention. In fact, demarcation points can even 
be chosen in areas of little or no intermolecular homology. 
For example, because of codon wobble, i.e. the degeneracy 
of codons, nucleotide Substitutions can be introduced into 
nucleic acid building blocks without altering the amino acid 
originally encoded in the corresponding progenitor template. 
Alternatively, a codon can be altered Such that the coding for 
an originally amino acid is altered. This invention provides 
that such substitutions can be introduced into the nucleic 
acid building block in order to increase the incidence of 
intermolecular homologous demarcation points and thus to 
allow an increased number of couplings to be achieved 
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among the building blocks, which in turn allows a greater 
number of progeny chimeric molecules to be generated. 
0347 In one aspect, the present invention provides a 
non-stochastic method termed synthetic gene reassembly, 
that is somewhat related to stochastic shuffling, save that the 
nucleic acid building blocks are not shuffled or concatenated 
or chimerized randomly, but rather are assembled non 
stochastically. 
0348. The synthetic gene reassembly method does not 
depend on the presence of a high level of homology between 
polynucleotides to be shuffled. The invention can be used to 
non-stochastically generate libraries (or sets) of progeny 
molecules comprised of over 10' different chimeras. Con 
ceivably, synthetic gene reassembly can even be used to 
generate libraries comprised of over 10" different progeny 
chimeras. 

0349 Thus, in one aspect, the invention provides a non 
stochastic method of producing a set of finalized chimeric 
nucleic acid molecules having an overall assembly order that 
is chosen by design, which method is comprised of the steps 
of generating by design a plurality of specific nucleic acid 
building blocks having serviceable mutually compatible 
ligatable ends and assembling these nucleic acid building 
blocks, such that a designed overall assembly order is 
achieved. 

0350. The mutually compatible ligatable ends of the 
nucleic acid building blocks to be assembled are considered 
to be “serviceable' for this type of ordered assembly if they 
enable the building blocks to be coupled in predetermined 
orders. Thus, in one aspect, the overall assembly order in 
which the nucleic acid building blocks can be coupled is 
specified by the design of the ligatable ends and, if more than 
one assembly step is to be used, then the overall assembly 
order in which the nucleic acid building blocks can be 
coupled is also specified by the sequential order of the 
assembly step(s). In a one aspect of the invention, the 
annealed building pieces are treated with an enzyme. Such as 
a ligase (e.g., T4 DNA ligase) to achieve covalent bonding 
of the building pieces. 
0351. In a another aspect, the design of nucleic acid 
building blocks is obtained upon analysis of the sequences 
of a set of progenitor nucleic acid templates that serve as a 
basis for producing a progeny set of finalized chimeric 
nucleic acid molecules. These progenitor nucleic acid tem 
plates thus serve as a source of sequence information that 
aids in the design of the nucleic acid building blocks that are 
to be mutagenized, i.e. chimerized or shuffled. 
0352. In one exemplification, the invention provides for 
the chimerization of a family of related genes and their 
encoded family of related products. In a particular exempli 
fication, the encoded products are enzymes. The polypep 
tides of the present invention can be mutagenized in accor 
dance with the methods described herein. 

0353 Thus according to one aspect of the invention, the 
sequences of a plurality of progenitor nucleic acid templates 
(e.g., polynucleotides of the invention) are aligned in order 
to select one or more demarcation points, which demarca 
tion points can be located at an area of homology. The 
demarcation points can be used to delineate the boundaries 
of nucleic acid building blocks to be generated. Thus, the 
demarcation points identified and selected in the progenitor 
molecules serve as potential chimerization points in the 
assembly of the progeny molecules. 
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0354 Typically a serviceable demarcation point is an 
area of homology (comprised of at least one homologous 
nucleotide base) shared by at least two progenitor templates, 
but the demarcation point can be an area of homology that 
is shared by at least half of the progenitor templates, at least 
two thirds of the progenitor templates, at least three fourths 
of the progenitor templates and in one aspect at almost all of 
the progenitor templates. Even more in one aspect still a 
serviceable demarcation point is an area of homology that is 
shared by all of the progenitor templates. 
0355. In a one aspect, the gene reassembly process is 
performed exhaustively in order to generate an exhaustive 
library. In other words, all possible ordered combinations of 
the nucleic acid building blocks are represented in the set of 
finalized chimeric nucleic acid molecules. At the same time, 
the assembly order (i.e. the order of assembly of each 
building block in the 5' to 3 sequence of each finalized 
chimeric nucleic acid) in each combination is by design (or 
non-stochastic). Because of the non-stochastic nature of the 
method, the possibility of unwanted side products is greatly 
reduced. 
0356. In another aspect, the method provides that the 
gene reassembly process is performed systematically, for 
example to generate a systematically compartmentalized 
library, with compartments that can be screened systemati 
cally, e.g., one by one. In other words the invention provides 
that, through the selective and judicious use of specific 
nucleic acid building blocks, coupled with the selective and 
judicious use of sequentially stepped assembly reactions, an 
experimental design can be achieved where specific sets of 
progeny products are made in each of several reaction 
vessels. This allows a systematic examination and screening 
procedure to be performed. Thus, it allows a potentially very 
large number of progeny molecules to be examined system 
atically in Smaller groups. 
0357 Because of its ability to perform chimerizations in 
a manner that is highly flexible yet exhaustive and system 
atic as well, particularly when there is a low level of 
homology among the progenitor molecules, the instant 
invention provides for the generation of a library (or set) 
comprised of a large number of progeny molecules. Because 
of the non-stochastic nature of the instant gene reassembly 
invention, the progeny molecules generated in one aspect 
comprise a library of finalized chimeric nucleic acid mol 
ecules having an overall assembly order that is chosen by 
design. In a particularly aspect, Such a generated library is 
comprised of greater than 10 to greater than 10" different 
progeny molecular species. 
0358. In one aspect, a set of finalized chimeric nucleic 
acid molecules, produced as described is comprised of a 
polynucleotide encoding a polypeptide. According to one 
aspect, this polynucleotide is a gene, which may be a 
man-made gene. According to another aspect, this poly 
nucleotide is a gene pathway, which may be a man-made 
gene pathway. The invention provides that one or more 
man-made genes generated by the invention may be incor 
porated into a man-made gene pathway, Such as pathway 
operable in a eukaryotic organism (including a plant). 
0359. In another exemplification, the synthetic nature of 
the step in which the building blocks are generated allows 
the design and introduction of nucleotides (e.g., one or more 
nucleotides, which may be, for example, codons or introns 
or regulatory sequences) that can later be optionally 
removed in an in vitro process (e.g., by mutagenesis) or in 
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an in vivo process (e.g., by utilizing the gene splicing ability 
of a host organism). It is appreciated that in many instances 
the introduction of these nucleotides may also be desirable 
for many other reasons in addition to the potential benefit of 
creating a serviceable demarcation point. 
0360 Thus, according to another aspect, the invention 
provides that a nucleic acid building block can be used to 
introduce an intron. Thus, the invention provides that func 
tional introns may be introduced into a man-made gene of 
the invention. The invention also provides that functional 
introns may be introduced into a man-made gene pathway of 
the invention. Accordingly, the invention provides for the 
generation of a chimeric polynucleotide that is a man-made 
gene containing one (or more) artificially introduced intron 
(s). 
0361 Accordingly, the invention also provides for the 
generation of a chimeric polynucleotide that is a man-made 
gene pathway containing one (or more) artificially intro 
duced intron(s). In one aspect, the artificially introduced 
intron(s) are functional in one or more host cells for gene 
splicing much in the way that naturally-occurring introns 
serve functionally in gene splicing. The invention provides 
a process of producing man-made intron-containing poly 
nucleotides to be introduced into host organisms for recom 
bination and/or splicing. 
0362. A man-made gene produced using the invention 
can also serve as a Substrate for recombination with another 
nucleic acid. Likewise, a man-made gene pathway produced 
using the invention can also serve as a substrate for recom 
bination with another nucleic acid. In one aspect, the recom 
bination is facilitated by, or occurs at, areas of homology 
between the man-made, intron-containing gene and a 
nucleic acid, which serves as a recombination partner. In one 
aspect, the recombination partner may also be a nucleic acid 
generated by the invention, including a man-made gene or a 
man-made gene pathway. Recombination may be facilitated 
by or may occur at areas of homology that exist at the one 
(or more) artificially introduced intron(s) in the man-made 
gene. 
0363 The synthetic gene reassembly method of the 
invention utilizes a plurality of nucleic acid building blocks, 
each of which in one aspect has two ligatable ends. The two 
ligatable ends on each nucleic acid building block may be 
two blunt ends (i.e. each having an overhang of Zero 
nucleotides), or in one aspect one blunt end and one over 
hang, or more in one aspect still two overhangs. 
0364. A useful overhang for this purpose may be a 3' 
overhang or a 5' overhang. Thus, a nucleic acid building 
block may have a 3' overhang or alternatively a 5' overhang 
or alternatively two 3' overhangs or alternatively two 5" 
overhangs. The overall order in which the nucleic acid 
building blocks are assembled to form a finalized chimeric 
nucleic acid molecule is determined by purposeful experi 
mental design and is not random. 
0365. In one aspect, a nucleic acid building block is 
generated by chemical synthesis of two single-stranded 
nucleic acids (also referred to as single-stranded oligos) and 
contacting them so as to allow them to anneal to form a 
double-stranded nucleic acid building block. 
0366. A double-stranded nucleic acid building block can 
be of variable size. The sizes of these building blocks can be 
Small or large. Exemplary sizes for building block range 
from 1 base pair (not including any overhangs) to 100,000 
base pairs (not including any overhangs). Other exemplary 
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size ranges are also provided, which have lower limits of 
from 1 bp to 10,000 bp (including every integer value in 
between) and upper limits of from 2 bp to 100,000 bp 
(including every integer value in between). 
0367 Many methods exist by which a double-stranded 
nucleic acid building block can be generated that is service 
able for the invention; and these are known in the art and can 
be readily performed by the skilled artisan. 
0368 According to one aspect, a double-stranded nucleic 
acid building block is generated by first generating two 
single stranded nucleic acids and allowing them to anneal to 
form a double-stranded nucleic acid building block. The two 
Strands of a double-stranded nucleic acid building block may 
be complementary at every nucleotide apart from any that 
form an overhang; thus containing no mismatches, apart 
from any overhang(s). According to another aspect, the two 
strands of a double-stranded nucleic acid building block are 
complementary at fewer than every nucleotide apart from 
any that form an overhang. Thus, according to this aspect, a 
double-stranded nucleic acid building block can be used to 
introduce codon degeneracy. In one aspect the codon degen 
eracy is introduced using the site-saturation mutagenesis 
described herein, using one or more N.N.G/T cassettes or 
alternatively using one or more N.N.N cassettes. 
0369. The in vivo recombination method of the invention 
can be performed blindly on a pool of unknown hybrids or 
alleles of a specific polynucleotide or sequence. However, it 
is not necessary to know the actual DNA or RNA sequence 
of the specific polynucleotide. 
0370. The approach of using recombination within a 
mixed population of genes can be useful for the generation 
of any useful proteins, for example, interleukin I, antibodies, 
tPA and growth hormone. This approach may be used to 
generate proteins having altered specificity or activity. The 
approach may also be useful for the generation of hybrid 
nucleic acid sequences, for example, promoter regions, 
introns, exons, enhancer sequences, 31 untranslated regions 
or 51 untranslated regions of genes. Thus this approach may 
be used to generate genes having increased rates of expres 
Sion. This approach may also be useful in the study of 
repetitive DNA sequences. Finally, this approach may be 
useful to mutate ribozymes or aptamers. 
0371. In one aspect the invention described herein is 
directed to the use of repeated cycles of reductive reassort 
ment, recombination and selection which allow for the 
directed molecular evolution of highly complex linear 
sequences. Such as DNA, RNA or proteins thorough recom 
bination. 
0372 Optimized Directed Evolution System 
0373 The invention provides a non-stochastic gene 
modification system termed “optimized directed evolution 
system' to generate polypeptides, e.g., enzymes or antibod 
ies of the invention, with new or altered properties. Opti 
mized directed evolution is directed to the use of repeated 
cycles of reductive reassortment, recombination and selec 
tion that allow for the directed molecular evolution of 
nucleic acids through recombination. Optimized directed 
evolution allows generation of a large population of evolved 
chimeric sequences, wherein the generated population is 
significantly enriched for sequences that have a predeter 
mined number of crossover events. 
0374. A crossover event is a point in a chimeric sequence 
where a shift in sequence occurs from one parental variant 
to another parental variant. Such a point is normally at the 
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juncture of where oligonucleotides from two parents are 
ligated together to form a single sequence. This method 
allows calculation of the correct concentrations of oligo 
nucleotide sequences so that the final chimeric population of 
sequences is enriched for the chosen number of crossover 
events. This provides more control over choosing chimeric 
variants having a predetermined number of crossover 
eVentS. 

0375. In addition, this method provides a convenient 
means for exploring a tremendous amount of the possible 
protein variant space in comparison to other systems. Pre 
viously, if one generated, for example, 10 chimeric mol 
ecules during a reaction, it would be extremely difficult to 
test Such a high number of chimeric variants for a particular 
activity. Moreover, a significant portion of the progeny 
population would have a very high number of crossover 
events which resulted in proteins that were less likely to 
have increased levels of a particular activity. By using these 
methods, the population of chimerics molecules can be 
enriched for those variants that have a particular number of 
crossover events. Thus, although one can still generate 10' 
chimeric molecules during a reaction, each of the molecules 
chosen for further analysis most likely has, for example, 
only three crossover events. Because the resulting progeny 
population can be skewed to have a predetermined number 
of crossover events, the boundaries on the functional variety 
between the chimeric molecules is reduced. This provides a 
more manageable number of variables when calculating 
which oligonucleotide from the original parental polynucle 
otides might be responsible for affecting a particular trait. 
0376 One method for creating a chimeric progeny poly 
nucleotide sequence is to create oligonucleotides corre 
sponding to fragments or portions of each parental sequence. 
Each oligonucleotide in one aspect includes a unique region 
of overlap so that mixing the oligonucleotides together 
results in a new variant that has each oligonucleotide frag 
ment assembled in the correct order. Additional information 
can also be found, e.g., in U.S. Ser. No. 09/332,835; U.S. 
Pat. No. 6,361,974. 
0377 The number of oligonucleotides generated for each 
parental variant bears a relationship to the total number of 
resulting crossovers in the chimeric molecule that is ulti 
mately created. For example, three parental nucleotide 
sequence variants might be provided to undergo a ligation 
reaction in order to find a chimeric variant having, for 
example, greater activity at high temperature. As one 
example, a set of 50 oligonucleotide sequences can be 
generated corresponding to each portions of each parental 
variant. Accordingly, during the ligation reassembly process 
there could be up to 50 crossover events within each of the 
chimeric sequences. The probability that each of the gener 
ated chimeric polynucleotides will contain oligonucleotides 
from each parental variant in alternating order is very low. 
If each oligonucleotide fragment is present in the ligation 
reaction in the same molar quantity it is likely that in some 
positions oligonucleotides from the same parental poly 
nucleotide will ligate next to one another and thus not result 
in a crossover event. If the concentration of each oligonucle 
otide from each parent is kept constant during any ligation 
step in this example, there is a "/3 chance (assuming 3 
parents) that an oligonucleotide from the same parental 
variant will ligate within the chimeric sequence and produce 
O COSSOV. 
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0378. Accordingly, a probability density function (PDF) 
can be determined to predict the population of crossover 
events that are likely to occur during each step in a ligation 
reaction given a set number of parental variants, a number 
of oligonucleotides corresponding to each variant, and the 
concentrations of each variant during each step in the 
ligation reaction. The statistics and mathematics behind 
determining the PDF is described below. By utilizing these 
methods, one can calculate such a probability density func 
tion, and thus enrich the chimeric progeny population for a 
predetermined number of crossover events resulting from a 
particular ligation reaction. Moreover, a target number of 
crossover events can be predetermined, and the system then 
programmed to calculate the starting quantities of each 
parental oligonucleotide during each step in the ligation 
reaction to result in a probability density function that 
centers on the predetermined number of crossover events. 
These methods are directed to the use of repeated cycles of 
reductive reassortment, recombination and selection that 
allow for the directed molecular evolution of a nucleic acid 
encoding a polypeptide through recombination. This system 
allows generation of a large population of evolved chimeric 
sequences, wherein the generated population is significantly 
enriched for sequences that have a predetermined number of 
crossover events. A crossover event is a point in a chimeric 
sequence where a shift in sequence occurs from one parental 
variant to another parental variant. Such a point is normally 
at the juncture of where oligonucleotides from two parents 
are ligated together to form a single sequence. The method 
allows calculation of the correct concentrations of oligo 
nucleotide sequences so that the final chimeric population of 
sequences is enriched for the chosen number of crossover 
events. This provides more control over choosing chimeric 
variants having a predetermined number of crossover 
eVentS. 

0379. In addition, these methods provide a convenient 
means for exploring a tremendous amount of the possible 
protein variant space in comparison to other systems. By 
using the methods described herein, the population of chi 
merics molecules can be enriched for those variants that 
have a particular number of crossover events. Thus, 
although one can still generate 10' chimeric molecules 
during a reaction, each of the molecules chosen for further 
analysis most likely has, for example, only three crossover 
events. Because the resulting progeny population can be 
skewed to have a predetermined number of crossover events, 
the boundaries on the functional variety between the chi 
meric molecules is reduced. This provides a more manage 
able number of variables when calculating which oligo 
nucleotide from the original parental polynucleotides might 
be responsible for affecting a particular trait. 
0380. In one aspect, the method creates a chimeric prog 
eny polynucleotide sequence by creating oligonucleotides 
corresponding to fragments or portions of each parental 
sequence. Each oligonucleotide in one aspect includes a 
unique region of overlap so that mixing the oligonucleotides 
together results in a new variant that has each oligonucle 
otide fragment assembled in the correct order. See also U.S. 
Ser. No. 09/332,835. 
0381) Determining Crossover Events 
0382 Aspects of the invention include a system and 
software that receive a desired crossover probability density 
function (PDF), the number of parent genes to be reas 
sembled, and the number of fragments in the reassembly as 
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inputs. The output of this program is a “fragment PDF that 
can be used to determine a recipe for producing reassembled 
genes, and the estimated crossover PDF of those genes. The 
processing described herein is in one aspect performed in 
MATLABTM (The Mathworks, Natick, Mass.) a program 
ming language and development environment for technical 
computing. 
0383 
0384. In practicing the invention, these processes can be 
iteratively repeated. For example, a nucleic acid (or, the 
nucleic acid) responsible for an altered or new phenotype is 
identified, re-isolated (e.g., using a nucleic acid of the 
invention), again modified, re-tested for activity. This pro 
cess can be iteratively repeated until a desired phenotype is 
engineered. For example, an entire biochemical anabolic or 
catabolic pathway can be engineered into a cell, including, 
e.g., new or altered biosynthetic or (e.g., chlorophyll) deg 
radative pathway. 
0385 Similarly, if it is determined that a particular oli 
gonucleotide has no affect at all on the desired trait (e.g., a 
new or altered biosynthetic or (e.g., chlorophyll) degradative 
pathway phenotype), it can be removed as a variable by 
synthesizing larger parental oligonucleotides that include 
the sequence to be removed. Since incorporating the 
sequence within a larger sequence prevents any crossover 
events, there will no longer be any variation of this sequence 
in the progeny polynucleotides. This iterative practice of 
determining which oligonucleotides are most related to the 
desired trait, and which are unrelated, allows more efficient 
exploration all of the possible protein variants that might be 
provide a particular trait or activity. 
0386. In Vivo Shuffling 
0387. In vivo shuffling of molecules is use in methods of 
the invention that provide variants of polypeptides of the 
invention, e.g., antibodies, enzymes and the like. In vivo 
shuffling can be performed utilizing the natural property of 
cells to recombine multimers. While recombination in vivo 
has provided the major natural route to molecular diversity, 
genetic recombination remains a relatively complex process 
that involves 1) the recognition of homologies; 2) Strand 
cleavage, strand invasion, and metabolic steps leading to the 
production of recombinant chiasma; and finally 3) the reso 
lution of chiasma into discrete recombined molecules. The 
formation of the chiasma requires the recognition of 
homologous sequences. 
0388. In another aspect, the invention includes a method 
for producing a hybrid polynucleotide from at least a first 
polynucleotide and a second polynucleotide. The invention 
can be used to produce a hybrid polynucleotide by intro 
ducing at least a first polynucleotide and a second poly 
nucleotide which share at least one region of partial 
sequence homology (e.g., SEQID NOS: 1, 3, 5, 7, 9, 11, 13, 
15, 17, 19 and combinations thereof) into a suitable host cell. 
The regions of partial sequence homology promote pro 
cesses which result in sequence reorganization producing a 
hybrid polynucleotide. The term “hybrid polynucleotide', as 
used herein, is any nucleotide sequence which results from 
the method of the present invention and contains sequence 
from at least two original polynucleotide sequences. Such 
hybrid polynucleotides can result from intermolecular 
recombination events which promote sequence integration 
between DNA molecules. In addition, such hybrid poly 
nucleotides can result from intramolecular reductive reas 
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sortment processes which utilize repeated sequences to alter 
a nucleotide sequence within a DNA molecule. 
0389. In vivo reassortment is focused on “inter-molecu 
lar processes collectively referred to as “recombination' 
which in bacteria, is generally viewed as a “RecA-depen 
dent' phenomenon. The invention can rely on recombina 
tion processes of a host cell to recombine and re-assort 
sequences, or the cells ability to mediate reductive pro 
cesses to decrease the complexity of quasi-repeated 
sequences in the cell by deletion. This process of “reductive 
reassortment’ occurs by an “intra-molecular, RecA-inde 
pendent process. 
0390 Therefore, in another aspect of the invention, novel 
polynucleotides can be generated by the process of reductive 
reassortment. The method involves the generation of con 
structs containing consecutive sequences (original encoding 
sequences), their insertion into an appropriate vector and 
their Subsequent introduction into an appropriate host cell. 
The reassortment of the individual molecular identities 
occurs by combinatorial processes between the consecutive 
sequences in the construct possessing regions of homology, 
or between quasi-repeated units. The reassortment process 
recombines and/or reduces the complexity and extent of the 
repeated sequences and results in the production of novel 
molecular species. Various treatments may be applied to 
enhance the rate of reassortment. These could include treat 
ment with ultra-violet light, or DNA damaging chemicals 
and/or the use of host cell lines displaying enhanced levels 
of “genetic instability. Thus the reassortment process may 
involve homologous recombination or the natural property 
of quasi-repeated sequences to direct their own evolution. 
0391 Repeated or “quasi-repeated sequences play a role 
in genetic instability. In the present invention, “quasi-re 
peats' are repeats that are not restricted to their original unit 
structure. Quasi-repeated units can be presented as an array 
of sequences in a construct; consecutive units of similar 
sequences. Once ligated, the junctions between the consecu 
tive sequences become essentially invisible and the quasi 
repetitive nature of the resulting construct is now continuous 
at the molecular level. The deletion process the cell performs 
to reduce the complexity of the resulting construct operates 
between the quasi-repeated sequences. The quasi-repeated 
units provide a practically limitless repertoire of templates 
upon which slippage events can occur. The constructs con 
taining the quasi-repeats thus effectively provide Sufficient 
molecular elasticity that deletion (and potentially insertion) 
events can occur virtually anywhere within the quasi-repeti 
tive units. 
0392. When the quasi-repeated sequences are all ligated 
in the same orientation, for instance head to tail or vice 
versa, the cell cannot distinguish individual units. Conse 
quently, the reductive process can occur throughout the 
sequences. In contrast, when for example, the units are 
presented head to head, rather than head to tail, the inversion 
delineates the endpoints of the adjacent unit so that deletion 
formation will favor the loss of discrete units. Thus, it is 
preferable with the present method that the sequences are in 
the same orientation. Random orientation of quasi-repeated 
sequences will result in the loss of reassortment efficiency, 
while consistent orientation of the sequences will offer the 
highest efficiency. However, while having fewer of the 
contiguous sequences in the same orientation decreases the 
efficiency, it may still provide sufficient elasticity for the 
effective recovery of novel molecules. Constructs can be 
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made with the quasi-repeated sequences in the same orien 
tation to allow higher efficiency. 
0393 Sequences can be assembled in a head to tail 
orientation using any of a variety of methods, including the 
following: 

0394 a) Primers that include a poly-Ahead and poly-T 
tail which when made single-stranded would provide 
orientation can be utilized. This is accomplished by 
having the first few bases of the primers made from 
RNA and hence easily removed RNaseH. 

0395 b) Primers that include unique restriction cleav 
age sites can be utilized. Multiple sites, a battery of 
unique sequences and repeated synthesis and ligation 
steps would be required. 

0396 c) The inner few bases of the primer could be 
thiolated and an exonuclease used to produce properly 
tailed molecules. 

0397. The recovery of the re-assorted sequences relies on 
the identification of cloning vectors with a reduced repetitive 
index (R1). The re-assorted encoding sequences can then be 
recovered by amplification. The products are re-cloned and 
expressed. The recovery of cloning vectors with reduced R1 
can be affected by: 
0398. 1) The use of vectors only stably maintained when 
the construct is reduced in complexity. 

0399. 2) The physical recovery of shortened vectors by 
physical procedures. In this case, the cloning vector 
would be recovered using standard plasmid isolation 
procedures and size fractionated on either an agarose gel. 
or column with a low molecular weight cut off utilizing 
standard procedures. 

0400 3) The recovery of vectors containing interrupted 
genes which can be selected when insert size decreases. 

04.01 4) The use of direct selection techniques with an 
expression vector and the appropriate selection. 

0402 Encoding sequences (for example, genes) from 
related organisms may demonstrate a high degree of homol 
ogy and encode quite diverse protein products. These types 
of sequences are particularly useful in the present invention 
as quasi-repeats. However, while the examples illustrated 
below demonstrate the reassortment of nearly identical 
original encoding sequences (quasi-repeats), this process is 
not limited to Such nearly identical repeats. 
0403. The following example demonstrates a method of 
the invention. Encoding nucleic acid sequences (quasi 
repeats) derived from three (3) unique species are described. 
Each sequence encodes a protein with a distinct set of 
properties. Each of the sequences differs by a single or a few 
base pairs at a unique position in the sequence. The quasi 
repeated sequences are separately or collectively amplified 
and ligated into random assemblies such that all possible 
permutations and combinations are available in the popula 
tion of ligated molecules. The number of quasi-repeat units 
can be controlled by the assembly conditions. The average 
number of quasi-repeated units in a construct is defined as 
the repetitive index (RI). 
04.04. Once formed, the constructs may, or may not be 
size fractionated on an agarose gel according to published 
protocols, inserted into a cloning vector and transfected into 
an appropriate host cell. The cells are then propagated and 
“reductive reassortment' is effected. The rate of the reduc 
tive reassortment process may be stimulated by the intro 
duction of DNA damage if desired. Whether the reduction in 
RI is mediated by deletion formation between repeated 
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sequences by an “intra-molecular mechanism, or mediated 
by recombination-like events through “inter-molecular 
mechanisms is immaterial. The end result is a reassortment 
of the molecules into all possible combinations. 
04.05 Optionally, the method comprises the additional 
step of screening the library members of the shuffled pool to 
identify individual shuffled library members having the 
ability to bind or otherwise interact, or catalyze a particular 
reaction (e.g., Such as catalytic domain of an enzyme) with 
a predetermined macromolecule. Such as for example a 
proteinaceous receptor, an oligosaccharide, virion, or other 
predetermined compound or structure. 
0406. The polypeptides that are identified from such 
libraries can be used for therapeutic, diagnostic, research 
and related purposes (e.g., catalysts, solutes for increasing 
osmolarity of an aqueous solution and the like) and/or can be 
Subjected to one or more additional cycles of shuffling 
and/or selection. 
0407. In another aspect, it is envisioned that prior to or 
during recombination or reassortment, polynucleotides gen 
erated by the method of the invention can be subjected to 
agents or processes which promote the introduction of 
mutations into the original polynucleotides. The introduc 
tion of such mutations would increase the diversity of 
resulting hybrid polynucleotides and polypeptides encoded 
therefrom. The agents or processes which promote mutagen 
esis can include, but are not limited to: (+)-CC-1065, or a 
synthetic analog such as (+)-CC-1065-(N-3-Adenine (See 
Sun and Hurley, (1992); an N-acetylated or deacetylated 
4'-fluoro-4-aminobiphenyl adduct capable of inhibiting 
DNA synthesis (See, for example, van de Poll et al. (1992)); 
or a N-acetylated or deacetylated 4-aminobiphenyl adduct 
capable of inhibiting DNA synthesis (See also, van de Poll 
et al. (1992), pp. 751-758); trivalent chromium, a trivalent 
chromium salt, a polycyclic aromatic hydrocarbon (PAH) 
DNA adduct capable of inhibiting DNA replication, such as 
7-bromomethyl-benzoanthracene (“BMA), tris(2,3-di 
bromopropyl)phosphate (“Tris-BP), 1,2-dibromo-3-chloro 
propane (“DBCP), 2-bromoacrolein (2BA), benzo C. 
pyrene-7,8-dihydrodiol-9-10-epoxide (“BPDE'), a platinum 
(II) halogen salt, N-hydroxy-2-amino-3-methylimidazo[4,5- 
f-quinoline (“N-hydroxy-IQ) and N-hydroxy-2-amino-1- 
methyl-6-phenylimidazo[4,5-f-pyridine (“N-hydroxy 
PhIP). Exemplary means for slowing or halting PCR 
amplification consist of UV light (+)-CC-1065 and (+)-CC 
1065-(N3-Adenine). Particularly encompassed means are 
DNA adducts or polynucleotides comprising the DNA 
adducts from the polynucleotides or polynucleotides pool, 
which can be released or removed by a process including 
heating the solution comprising the polynucleotides prior to 
further processing. 
0408. In another aspect the invention is directed to a 
method of producing recombinant proteins having biologi 
cal activity by treating a sample comprising double-stranded 
template polynucleotides encoding a wild-type protein 
under conditions according to the invention which provide 
for the production of hybrid or re-assorted polynucleotides. 
04.09 Producing Sequence Variants 
0410 The invention also provides additional methods for 
making sequence variants of the nucleic acid sequences of 
the invention. The invention also provides additional meth 
ods for isolating polypeptides of the invention. In one 
aspect, the invention provides for variants of coding 
sequences (e.g., a gene, cDNA or message) of the invention, 
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which can be altered by any means, including, e.g., random 
or stochastic methods, or, non-stochastic, or "directed evo 
lution,” methods, as described above. 
0411. The isolated variants may be naturally occurring. 
Variant can also be created in vitro. Variants may be created 
using genetic engineering techniques such as site directed 
mutagenesis, random chemical mutagenesis, Exonuclease 
III deletion procedures, and standard cloning techniques. 
Alternatively, such variants, fragments, analogs, or deriva 
tives may be created using chemical synthesis or modifica 
tion procedures. Other methods of making variants are also 
familiar to those skilled in the art. These include procedures 
in which nucleic acid sequences obtained from natural 
isolates are modified to generate nucleic acids which encode 
polypeptides having characteristics which enhance their 
value in industrial or laboratory applications. In Such pro 
cedures, a large number of variant sequences having one or 
more nucleotide differences with respect to the sequence 
obtained from the natural isolate are generated and charac 
terized. These nucleotide differences can result in amino 
acid changes with respect to the polypeptides encoded by the 
nucleic acids from the natural isolates. 

0412 For example, variants may be created using error 
prone PCR. In error prone PCR, PCR is performed under 
conditions where the copying fidelity of the DNA poly 
merase is low, Such that a high rate of point mutations is 
obtained along the entire length of the PCR product. Error 
prone PCR is described, e.g., in Leung, D. W., et al., 
Technique, 1:1-15, 1989) and Caldwell, R. C. & Joyce G. F., 
PCR Methods Applic. 2:28-33, 1992. Briefly, in such pro 
cedures, nucleic acids to be mutagenized are mixed with 
PCR primers, reaction buffer, MgCl, MnCl, Taq poly 
merase and an appropriate concentration of dNTPs for 
achieving a high rate of point mutation along the entire 
length of the PCR product. For example, the reaction may be 
performed using 20 fmoles of nucleic acid to be 
mutagenized, 30 pmole of each PCR primer, a reaction 
buffer comprising 50 mM KC1, 10 mM Tris HCl (pH 8.3) 
and 0.01% gelatin, 7 mM MgCl2, 0.5 mM MnC1, 5 units of 
Taq polymerase, 0.2 mM dGTP, 0.2 mM dATP, 1 mM dCTP, 
and 1 mM dTTP, PCR may be performed for 30 cycles of 
94° C. for 1 min, 45° C. for 1 min, and 72° C. for 1 min. 
However, it will be appreciated that these parameters may be 
varied as appropriate. The mutagenized nucleic acids are 
cloned into an appropriate vector and the activities of the 
polypeptides encoded by the mutagenized nucleic acids are 
evaluated. 
0413 Variants may also be created using oligonucleotide 
directed mutagenesis to generate site-specific mutations in 
any cloned DNA of interest. Oligonucleotide mutagenesis is 
described, e.g., in Reidhaar-Olson (1988) Science 241:53 
57. Briefly, in such procedures a plurality of double stranded 
oligonucleotides bearing one or more mutations to be intro 
duced into the cloned DNA are synthesized and inserted into 
the cloned DNA to be mutagenized. Clones containing the 
mutagenized DNA are recovered and the activities of the 
polypeptides they encode are assessed. 
0414. Another method for generating variants is assem 
bly PCR. Assembly PCR involves the assembly of a PCR 
product from a mixture of small DNA fragments. A large 
number of different PCR reactions occur in parallel in the 
same Vial, with the products of one reaction priming the 
products of another reaction. Assembly PCR is described in, 
e.g., U.S. Pat. No. 5,965,408. 
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0415 Still another method of generating variants is 
sexual PCR mutagenesis. In sexual PCR mutagenesis, 
forced homologous recombination occurs between DNA 
molecules of different but highly related DNA sequence in 
vitro, as a result of random fragmentation of the DNA 
molecule based on sequence homology, followed by fixation 
of the crossover by primer extension in a PCR reaction. 
Sexual PCR mutagenesis is described, e.g., in Stemmer 
(1994) Proc. Natl. Acad. Sci. USA'91: 10747-10751. Briefly, 
in Such procedures a plurality of nucleic acids to be recom 
bined are digested with DNase to generate fragments having 
an average size of 50-200 nucleotides. Fragments of the 
desired average size are purified and resuspended in a PCR 
mixture. PCR is conducted under conditions which facilitate 
recombination between the nucleic acid fragments. For 
example, PCR may be performed by resuspending the 
purified fragments at a concentration of 10-30 ng/ul in a 
solution of 0.2 mM of each dNTP 2.2 mM MgCl, 50 mM 
KCL, 10 mM Tris HCl, pH 9.0, and 0.1% Triton X-100. 2.5 
units of Taq polymerase per 100:1 of reaction mixture is 
added and PCR is performed using the following regime: 
94° C. for 60 seconds, 94° C. for 30 seconds, 50-55° C. for 
30 seconds, 72° C. for 30 seconds (30-45 times) and 72° C. 
for 5 minutes. However, it will be appreciated that these 
parameters may be varied as appropriate. In some aspects, 
oligonucleotides may be included in the PCR reactions. In 
other aspects, the Klenow fragment of DNA polymerase I 
may be used in a first set of PCR reactions and Taq 
polymerase may be used in a Subsequent set of PCR reac 
tions. Recombinant sequences are isolated and the activities 
of the polypeptides they encode are assessed. 
0416 Variants may also be created by in vivo mutagen 
esis. In some aspects, random mutations in a sequence of 
interest are generated by propagating the sequence of inter 
est in a bacterial strain, such as an E. coli strain, which 
carries mutations in one or more of the DNA repair path 
ways. Such “mutator strains have a higher random muta 
tion rate than that of a wild-type parent. Propagating the 
DNA in one of these strains will eventually generate random 
mutations within the DNA. Mutator strains suitable for use 
for in vivo mutagenesis are described in PCT Publication 
No. WO 91/16427, published Oct. 31, 1991, entitled “Meth 
ods for Phenotype Creation from Multiple Gene Popula 
tions'. 
0417 Variants may also be generated using cassette 
mutagenesis. In cassette mutagenesis a small region of a 
double stranded DNA molecule is replaced with a synthetic 
oligonucleotide “cassette' that differs from the native 
sequence. The oligonucleotide often contains completely 
and/or partially randomized native sequence. 
0418 Recursive ensemble mutagenesis may also be used 
to generate variants. Recursive ensemble mutagenesis is an 
algorithm for protein engineering (protein mutagenesis) 
developed to produce diverse populations of phenotypically 
related mutants whose members differ in amino acid 
sequence. This method uses a feedback mechanism to con 
trol Successive rounds of combinatorial cassette mutagen 
esis. Recursive ensemble mutagenesis is described in Arkin, 
A. P. and Youvan, D.C., PNAS, USA, 89:7811-7815, 1992. 
0419. In some aspects, variants are created using expo 
nential ensemble mutagenesis. Exponential ensemble 
mutagenesis is a process for generating combinatorial librar 
ies with a high percentage of unique and functional mutants, 
wherein Small groups of residues are randomized in parallel 
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to identify, at each altered position, amino acids which lead 
to functional proteins. Exponential ensemble mutagenesis is 
described in Delegrave, S, and Youvan, D.C., Biotechnol 
ogy Research, 11:1548-1552, 1993. Random and site-di 
rected mutagenesis are described in Arnold, F. H., Current 
Opinion in Biotechnology, 4:450-455, 1993. 
0420. In some aspects, the variants are created using 
shuffling procedures wherein portions of a plurality of 
nucleic acids which encode distinct polypeptides are fused 
together to create chimeric nucleic acid sequences which 
encode chimeric polypeptides as described in U.S. Pat. No. 
5,965,408, filed Jul. 9, 1996, entitled, “Method of DNA 
Reassembly by Interrupting Synthesis' and U.S. Pat. No. 
5,939,250, filed May 22, 1996, entitled, “Production of 
Enzymes Having Desired Activities by Mutagenesis. 
0421. The variants of the polypeptides of the invention 
may be variants in which one or more of the amino acid 
residues of the polypeptides of the sequences of the inven 
tion are substituted with a conserved or non-conserved 
amino acid residue (in one aspect a conserved amino acid 
residue) and Such substituted amino acid residue may or may 
not be one encoded by the genetic code. 
0422 The invention provides alternative embodiments of 
the polypeptides of the invention (and the nucleic acids that 
encode them) comprising at least one conservative amino 
acid substitution, as discussed herein (e.g., conservative 
amino acid substitutions are those that Substitute a given 
amino acid in a polypeptide by another amino acid of like 
characteristics). The invention provides polypeptides (and 
the nucleic acids that encode them) wherein any, Some or all 
amino acids residues are Substituted by another amino acid 
of like characteristics, e.g., a conservative amino acid Sub 
stitution. 
0423 Conservative substitutions are those that substitute 
a given amino acid in a polypeptide by another amino acid 
of like characteristics. Typically seen as conservative Sub 
stitutions are the following replacements: replacements of an 
aliphatic amino acid Such as Alanine, Valine, Leucine and 
Isoleucine with another aliphatic amino acid; replacement of 
a Serine with a Threonine or vice versa; replacement of an 
acidic residue Such as Aspartic acid and Glutamic acid with 
another acidic residue; replacement of a residue bearing an 
amide group. Such as Asparagine and Glutamine, with 
another residue bearing an amide group; exchange of a basic 
residue such as Lysine and Arginine with another basic 
residue, and replacement of an aromatic residue such as 
Phenylalanine, Tyrosine with another aromatic residue. In 
alternative aspects, these conservative Substitutions can also 
be synthetic equivalents of these amino acids. 
0424. Other variants are those in which one or more of 
the amino acid residues of a polypeptide of the invention 
includes a Substituent group. 
0425 Still other variants are those in which the polypep 
tide is associated with another compound, Such as a com 
pound to increase the half-life of the polypeptide (for 
example, polyethylene glycol). 
0426. Additional variants are those in which additional 
amino acids are fused to the polypeptide. Such as a leader 
sequence, a secretory sequence, a proprotein sequence or a 
sequence which facilitates purification, enrichment, or sta 
bilization of the polypeptide. 
0427. In some aspects, the fragments, derivatives and 
analogs retain the same biological function or activity as the 
polypeptides of the invention. In other aspects, the fragment, 
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derivative, or analog includes a proprotein, Such that the 
fragment, derivative, or analog can be activated by cleavage 
of the proprotein portion to produce an active polypeptide. 
0428 Optimizing Codons to Achieve High Levels of 
Protein Expression in Host Cells 
0429. The invention provides methods for modifying 
nucleic acids encoding polypeptides involved in chlorophyll 
catabolism or having an esterase (e.g., chlorophyllase) activ 
ity by modifying codon usage. In one aspect, the invention 
provides methods for modifying codons in a nucleic acid 
encoding a polypeptide to increase or decrease its expression 
in a host cell. The invention also provides nucleic acids 
encoding polypeptides involved in chlorophyll catabolism 
or having an esterase (e.g., chlorophyllase) activity modified 
to increase its expression in a host cell, enzymes so modi 
fied, and methods of making the modified polypeptides 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity. The method comprises iden 
tifying a “non-preferred’ or a “less preferred codon in 
enzyme-encoding nucleic acid and replacing one or more of 
these non-preferred or less preferred codons with a “pre 
ferred codon’ encoding the same amino acid as the replaced 
codon and at least one non-preferred or less preferred codon 
in the nucleic acid has been replaced by a preferred codon 
encoding the same amino acid. A preferred codon is a codon 
over-represented in coding sequences in genes in the host 
cell and a non-preferred or less preferred codon is a codon 
under-represented in coding sequences in genes in the host 
cell. 
0430 Host cells for expressing the nucleic acids, expres 
sion cassettes and vectors of the invention include bacteria, 
yeast, fungi, plant cells, insect cells and mammalian cells. 
Thus, the invention provides methods for optimizing codon 
usage in all of these cells, codon-altered nucleic acids and 
polypeptides made by the codon-altered nucleic acids. 
Exemplary host cells include gram negative bacteria, Such as 
Escherichia coli, gram positive bacteria, such as Streptomy 
ces, Lactobacillus gasseri, Lactococcus lactis, Lactococcus 
Cremoris, Bacillus sp., Bacillus subtilis, Bacillus cereus. 
Exemplary host cells also include eukaryotic organisms, 
e.g., various yeast, Such as Saccharomyces sp., including 
Saccharomyces cerevisiae, Schizosaccharomyces pombe, 
Pichia pastoris, and Kluyveromyces lactis, Hansenula poly 
morpha, Aspergillus niger, and mammalian cells and cell 
lines and insect cells and cell lines. Thus, the invention also 
includes nucleic acids and polypeptides optimized for 
expression in these organisms and species, e.g., the nucleic 
acids of the invention are codon-optimized for expression in 
a host cell, e.g., a Pichia sp., e.g., P. pastoris, a Saccharo 
myces sp., or a Bacillus sp., a Streptomyces sp., and the like. 
0431. For example, the codons of a nucleic acid encoding 
a polypeptide of the invention or a similar enzyme isolated 
from a bacterial cell are modified such that the nucleic acid 
(encoding the enzyme) is optimally expressed in a bacterial 
cell different from the bacteria from which the enzyme (e.g., 
a polypeptide of the invention) was derived, a yeast, a fungi, 
a plant cell, an insect cell or a mammalian cell. Methods for 
optimizing codons are well known in the art, see, e.g., U.S. 
Pat. No. 5,795,737; Baca (2000) Int. J. Parasitol. 30:113 
118; Hale (1998) Protein Expr. Purif. 12:185-188: Narum 
(2001) Infect. Immun. 69:7250-7253. See also Narum 
(2001) Infect. Immun. 69:7250-7253, describing optimizing 
codons in mouse systems; Outchkourov (2002) Protein 
Expr. Purif. 24:18-24, describing optimizing codons in 
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yeast; Feng (2000) Biochemistry 39:15399-15409, describ 
ing optimizing codons in E. coli: Humphreys (2000) Protein 
Expr. Purif. 20:252-264, describing optimizing codon usage 
that affects secretion in E. coli; Gao (2004) Biotechnol Prog. 
20:443-448, describing “UpGene’’, an application of a web 
based DNA codon optimization algorithm. 
0432 Transgenic Non-Human Animals 
0433. The invention provides transgenic non-human ani 
mals comprising a nucleic acid, a polypeptide, an expression 
cassette or vector or a transfected or transformed cell of the 
invention. The invention also provides methods of making 
and using these transgenic non-human animals. 
0434. The transgenic non-human animals can be, e.g., 
goats, rabbits, sheep, pigs, cows, rats and mice, comprising 
the nucleic acids of the invention. These animals can be 
used, e.g., as in vivo models to study enzyme activity, or, as 
models to screen for agents that change the enzyme activity 
in vivo. The coding sequences for the polypeptides to be 
expressed in the transgenic non-human animals can be 
designed to be constitutive, or, under the control of tissue 
specific, developmental-specific or inducible transcriptional 
regulatory factors. Transgenic non-human animals can be 
designed and generated using any method known in the art; 
see, e.g., U.S. Pat. Nos. 6,211,428; 6,187,992: 6,156,952: 
6,118,044: 6,111,166; 6,107,541; 5,959,171; 5,922,854; 
5,892,070; 5,880,327; 5,891,698; 5,639,940, 5,573,933; 
5,387.742; 5,087.571, describing making and using trans 
formed cells and eggs and transgenic mice, rats, rabbits, 
sheep, pigs and cows. See also, e.g., Pollock (1999) J. 
Immunol. Methods 231: 147-157, describing the production 
of recombinant proteins in the milk of transgenic dairy 
animals; Baguisi (1999) Nat. Biotechnol. 17:456-461, dem 
onstrating the production of transgenic goats. U.S. Pat. No. 
6.211,428, describes making and using transgenic non 
human mammals which express in their brains a nucleic acid 
construct comprising a DNA sequence. U.S. Pat. No. 5,387. 
742, describes injecting cloned recombinant or synthetic 
DNA sequences into fertilized mouse eggs, implanting the 
injected eggs in pseudo-pregnant females, and growing to 
term transgenic mice whose cells express proteins related to 
the pathology of Alzheimer's disease. U.S. Pat. No. 6,187. 
992, describes making and using a transgenic mouse whose 
genome comprises a disruption of the gene encoding amy 
loid precursor protein (APP). 
0435 “Knockout animals' can also be used to practice 
the methods of the invention. For example, in one aspect, the 
transgenic or modified animals of the invention comprise a 
“knockout animal.” e.g., a “knockout mouse.” engineered 
not to express an endogenous gene, which is replaced with 
a gene expressing and enzyme of the invention, or, a fusion 
protein comprising an enzyme of the invention. 
0436 Transgenic Plants and Seeds 
0437. The invention provides transgenic plants and seeds 
comprising a nucleic acid, a polypeptide (e.g., a polypeptide 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity), an expression cassette or 
vector or a transfected or transformed cell of the invention. 
The invention also provides plant products, e.g., oils, seeds, 
leaves, extracts and the like, comprising a nucleic acid 
and/or a polypeptide of the invention. The transgenic plant 
can be dicotyledonous (a dicot) or monocotyledonous (a 
monocot). The invention also provides methods of making 
and using these transgenic plants and seeds. The transgenic 
plant or plant cell expressing a polypeptide of the invention 
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may be constructed in accordance with any method known 
in the art. See, for example, U.S. Pat. No. 6,309,872. 
0438 Nucleic acids and expression constructs of the 
invention can be introduced into a plant cell by any means. 
For example, nucleic acids or expression constructs can be 
introduced into the genome of a desired plant host, or, the 
nucleic acids or expression constructs can be episomes. 
Introduction into the genome of a desired plant can be such 
that the host’s endogenous transcriptional and/or transla 
tional control elements regulate the activity of the intro 
duced nucleic acid, whether it be integrated or episomal. The 
invention also provides “knockout plants' where insertion of 
gene sequence by, e.g., homologous recombination, has 
disrupted the expression of the endogenous gene. Means to 
generate “knockout” plants are well-known in the art, see, 
e.g., Strepp (1998) Proc Natl. Acad. Sci. USA 95:4368 
4373; Miao (1995) Plant J 7:359-365. See discussion on 
transgenic plants, below. 
0439. The nucleic acids of the invention can be used to 
confer desired traits on essentially any plant, e.g., on starch 
producing plants, such as potato, wheat, rice, barley, and the 
like. Nucleic acids of the invention can be used to manipu 
late metabolic pathways of a plant in order to optimize or 
alter host’s expression of a polypeptide of the invention or 
a homologous enzyme in the host. This can change enzyme 
(e.g., chlorophyllase) activity or biosynthetic pathway prod 
uct (a chlorophyll degradative pathway) in the plant. Alter 
natively, an enzyme or nucleic acid of the invention can be 
used in production of a transgenic plant to produce a 
compound not naturally produced by that plant. This can 
lower production costs or create a novel product. 
0440. In one aspect, the first step in production of a 
transgenic plant involves making an expression construct for 
expression in a plant cell. These techniques are well known 
in the art. They can include selecting and cloning a promoter, 
a coding sequence for facilitating efficient binding of ribo 
Somes to mRNA and selecting the appropriate gene termi 
nator sequences. One exemplary constitutive promoter is 
CaMV35S, from the cauliflower mosaic virus, which gen 
erally results in a high degree of expression in plants. Other 
promoters are more specific and respond to cues in the 
plants internal or external environment. An exemplary 
light-inducible promoter is the promoter from the cab gene, 
encoding the major chlorophyll afb binding protein. 
0441. In one aspect, the nucleic acid is modified to 
achieve greater expression in a plant cell. For example, a 
sequence of the invention is likely to have a higher percent 
age of A-T nucleotide pairs compared to that seen in a plant, 
some of which prefer G-C nucleotide pairs. Therefore, A-T 
nucleotides in the coding sequence can be substituted with 
G-C nucleotides without significantly changing the amino 
acid sequence to enhance production of the gene product in 
plant cells. 
0442. Selectable marker gene can be added to the gene 
construct in order to identify plant cells or tissues that have 
Successfully integrated the transgene. This may be necessary 
because achieving incorporation and expression of genes in 
plant cells is a rare event, occurring in just a few percent of 
the targeted tissues or cells. Selectable marker genes encode 
proteins that provide resistance to agents that are normally 
toxic to plants. Such as antibiotics or herbicides. Only plant 
cells that have integrated the selectable marker gene will 
Survive when grown on a medium-containing the appropri 
ate antibiotic or herbicide. As for other inserted genes, 
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marker genes also require promoter and termination 
sequences for proper function. 
0443. In one aspect, making transgenic plants or seeds 
comprises incorporating sequences of the invention and, 
optionally, marker genes into a target expression construct 
(e.g., a plasmid), along with positioning of the promoter and 
the terminator sequences. This can involve transferring the 
modified gene into the plant through a suitable method. For 
example, a construct may be introduced directly into the 
genomic DNA of the plant cell using techniques such as 
electroporation and microinjection of plant cell protoplasts, 
or the constructs can be introduced directly to plant tissue 
using ballistic methods, such as DNA particle bombardment. 
For example, see, e.g., Christou (1997) Plant Mol. Biol. 
35:197-203; Pawlowski (1996) Mol. Biotechnol. 6:17-30; 
Klein (1987) Nature 327:70-73; Takumi (1997) Genes 
Genet. Syst. 72:63-69, discussing use of particle bombard 
ment to introduce transgenes into wheat; and Adam (1997) 
supra, for use of particle bombardment to introduce YACs 
into plant cells. For example, Rinehart (1997) supra, used 
particle bombardment to generate transgenic cotton plants. 
Apparatus for accelerating particles is described U.S. Pat. 
No. 5,015,580; and, the commercially available BioRad 
(Biolistics) PDS-2000 particle acceleration instrument; see 
also, John, U.S. Pat. No. 5,608,148; and Ellis, U.S. Pat. No. 
5,681,730, describing particle-mediated transformation of 
gymnosperms. 

0444. In one aspect, protoplasts can be immobilized and 
injected with a nucleic acids, e.g., an expression construct. 
Although plant regeneration from protoplasts is not easy 
with cereals, plant regeneration is possible in legumes using 
Somatic embryogenesis from protoplast derived callus. 
Organized tissues can be transformed with naked DNA 
using gene gun technique, where DNA is coated on tungsten 
microprojectiles, shot /100th the size of cells, which carry the 
DNA deep into cells and organelles. Transformed tissue is 
then induced to regenerate, usually by Somatic embryogen 
esis. This technique has been Successful in several cereal 
species including maize and rice. 
0445 Nucleic acids, e.g., expression constructs, can also 
be introduced in to plant cells using recombinant viruses. 
Plant cells can be transformed using viral vectors, such as, 
e.g., tobacco mosaic virus derived vectors (Rouwendal 
(1997) Plant Mol. Biol. 33:989-999), see Porta (1996). “Use 
of viral replicons for the expression of genes in plants.” Mol. 
Biotechnol. 5:209-221. 
0446 Alternatively, nucleic acids, e.g., an expression 
construct, can be combined with suitable T-DNA flanking 
regions and introduced into a conventional Agrobacterium 
tumefaciens host vector. The virulence functions of the 
Agrobacterium tumefaciens host will direct the insertion of 
the construct and adjacent marker into the plant cell DNA 
when the cell is infected by the bacteria. Agrobacterium 
tumefaciens-mediated transformation techniques, including 
disarming and use of binary vectors, are well described in 
the scientific literature. See, e.g., Horsch (1984) Science 
233:496-498; Fraley (1983) Proc. Natl. Acad. Sci. USA 
80:4803 (1983); Gene Transfer to Plants, Potrykus, ed. 
(Springer-Verlag, Berlin 1995). The DNA in an A. tumefa 
ciens cell is contained in the bacterial chromosome as well 
as in another structure known as a Ti (tumor-inducing) 
plasmid. The Ti plasmid contains a stretch of DNA termed 
T-DNA (~20 kb long) that is transferred to the plant cell in 
the infection process and a series of Vir (virulence) genes 
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that direct the infection process. A. tumefaciens can only 
infect a plant through wounds: when a plant root or stem is 
wounded it gives off certain chemical signals, in response to 
which, the vir genes of A. tumefaciens become activated and 
direct a series of events necessary for the transfer of the 
T-DNA from the Tiplasmid to the plant's chromosome. The 
T-DNA then enters the plant cell through the wound. One 
speculation is that the T-DNA waits until the plant DNA is 
being replicated or transcribed, then inserts itself into the 
exposed plant DNA. In order to use A. tumefaciens as a 
transgene vector, the tumor-inducing section of T-DNA have 
to be removed, while retaining the T-DNA border regions 
and the vir genes. The transgene is then inserted between the 
T-DNA border regions, where it is transferred to the plant 
cell and becomes integrated into the plant's chromosomes. 
0447 The invention provides for the transformation of 
monocotyledonous plants using the nucleic acids of the 
invention, including important cereals, see Hiei (1997) Plant 
Mol. Biol. 35:205-218. See also, e.g., Horsch, Science 
(1984) 233:496; Fraley (1983) Proc. Natl. Acad. Sci. USA 
80:4803; Thykjaer (1997) supra; Park (1996) Plant Mol. 
Biol. 32: 1135-1148, discussing T-DNA integration into 
genomic DNA. See also D'Halluin, U.S. Pat. No. 5,712,135, 
describing a process for the stable integration of a DNA 
comprising a gene that is functional in a cell of a cereal, or 
other monocotyledonous plant. 
0448. In one aspect, the third step can involve selection 
and regeneration of whole plants capable of transmitting the 
incorporated target gene to the next generation. Such regen 
eration techniques rely on manipulation of certain phyto 
hormones in a tissue culture growth medium, typically 
relying on a biocide and/or herbicide marker that has been 
introduced together with the desired nucleotide sequences. 
Plant regeneration from cultured protoplasts is described in 
Evans et al., Protoplasts Isolation and Culture, Handbook of 
Plant Cell Culture, pp. 124-176, MacMillilan Publishing 
Company, New York, 1983; and Binding, Regeneration of 
Plants, Plant Protoplasts, pp. 21-73, CRC Press, Boca 
Raton, 1985. Regeneration can also be obtained from plant 
callus, explants, organs, or parts thereof. Such regeneration 
techniques are described generally in Klee (1987) Ann. Rev. 
of Plant Phys. 38:467-486. To obtain whole plants from 
transgenic tissues such as immature embryos, they can be 
grown under controlled environmental conditions in a series 
of media containing nutrients and hormones, a process 
known as tissue culture. Once whole plants are generated 
and produce seed, evaluation of the progeny begins. 
0449 After the expression cassette is stably incorporated 
in transgenic plants, it can be introduced into other plants by 
sexual crossing. Any of a number of standard breeding 
techniques can be used, depending upon the species to be 
crossed. Since transgenic expression of the nucleic acids of 
the invention leads to phenotypic changes, plants compris 
ing the recombinant nucleic acids of the invention can be 
sexually crossed with a second plant to obtain a final 
product. Thus, the seed of the invention can be derived from 
a cross between two transgenic plants of the invention, or a 
cross between a plant of the invention and another plant. The 
desired effects (e.g., expression of the polypeptides of the 
invention to produce a plant in which flowering or seeding 
behavior is altered) can be enhanced when both parental 
plants express the polypeptides of the invention. The desired 
effects can be passed to future plant generations by standard 
propagation means. 
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0450. The nucleic acids and polypeptides of the invention 
are expressed in or inserted in any plant or seed. Transgenic 
plants of the invention can be dicotyledonous or monocoty 
ledonous. Examples of monocot transgenic plants of the 
invention are grasses, such as meadow grass (blue grass, 
Poa), forage grass such as festuca, lolium, temperate grass, 
Such as Agrostis, and cereals, e.g., wheat, oats, rye, barley, 
rice, Sorghum, and maize (corn). Examples of dicot trans 
genic plants of the invention are tobacco, legumes, such as 
lupins, potato, Sugar beet, pea, bean and soybean, and 
cruciferous plants (family Brassicaceae). Such as cauli 
flower, rape seed, and the closely related model organism 
Arabidopsis thaliana. Thus, the transgenic plants and seeds 
of the invention include a broad range of plants, including, 
but not limited to, species from the genera Anacardium, 
Arachis, Asparagus, Atropa, Avena, Brassica, Citrus, Cit 
rullus, Capsicum, Carthamus, Cocos, Coffea, Cucumis, 
Cucurbita, Daucus, Elaeis, Fragaria, Glycine, Gossypium, 
Helianthus, Heterocallis, Hordeum, Hyoscyamus, Lactuca, 
Linum, Lolium, Lupinus, Lycopersicon, Malus, Manihot, 
Majorana, Medicago, Nicotiana, Olea, Oryza, Pamieum, 
Pannisetum, Persea, Phaseolus, Pistachia, Pisum, Pyrus, 
Prunus, Raphanus, Ricinus, Secale, Senecio, Sinapis, 
Solanum, Sorghum, Theobromus, Trigonella, Triticum, 
Vicia, Vitis, Vigna, and Zea. 
0451. In alternative embodiments, the nucleic acids of the 
invention are expressed in plants which contain fiber cells, 
including, e.g., cotton, silk cotton tree (Kapok, Ceiba 
pentandra), desert willow, creosote bush, winterfat, balsa, 
ramie, kenaf, hemp, roselle, jute, sisal abaca and flax. In 
alternative embodiments, the transgenic plants of the inven 
tion can be members of the genus Gossypium, including 
members of any Gossypium species, such as G. arboreum, 
G. herbaceum, G. barbadense, and G. hirsutum. 
0452. The invention also provides for transgenic plants to 
be used for producing large amounts of the polypeptides 
(e.g., enzymes or antibody) of the invention. For example, 
see Palmgren (1997) Trends Genet. 13:348; Chong (1997) 
Transgenic Res. 6:289-296 (producing human milk protein 
beta-casein in transgenic potato plants using an auxin 
inducible, bidirectional mannopine synthase (mas 1'.2) pro 
moter with Agrobacterium tumefaciens-mediated leaf disc 
transformation methods). 
0453 Using known procedures, one of skill can screen 
for plants of the invention by detecting the increase or 
decrease of transgene mRNA or protein in transgenic plants. 
Means for detecting and quantitation of mRNAs or proteins 
are well known in the art. 
0454 Polypeptides and Peptides 
0455. In one aspect, the invention provides isolated, 
synthetic or recombinant polypeptides having a sequence 
identity (e.g., at least about 50%, 51%, 52%, 53%, 54%, 
55%, 56%, 57%, 58%, 59%, 60%, 61%. 62%, 63%, 64%, 
65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 74%, 
75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 
85%. 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 
95%, 96%, 97%, 98%, 99%, 99.5% or more, or complete 
(100%) sequence identity) to an exemplary sequence of the 
invention, e.g., proteins having a sequence as set forth in 
SEQID NO:2, SEQID NO:4, SEQID NO:6, SEQID NO:8, 
SEQ ID NO:10, SEQ ID NO:12, SEQ ID NO:14, SEQ ID 
NO:16, SEQ ID NO:18 or SEQ ID NO:20. 
0456. In one aspect, a polypeptide of the invention has an 
esterase activity, such as a chlorophyllase (a chlase) activity, 
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or, has an enzyme activity comprising enzymatic modifica 
tion of a chlorophyll molecule, e.g., wherein the enzymatic 
modification comprises catabolism of the chlorophyll mol 
ecule. In one aspect, the esterase activity comprises a 
chlorophyll chlorophyllido-hydrolyase activity. 
0457. Another aspect of the invention provides an iso 
lated, synthetic or recombinant polypeptide or peptide 
including at least 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60, 
65, 70, 75, 80, 85,90, 95 or 100 or more consecutive bases 
of a polypeptide or peptide sequence of the invention, 
sequences substantially identical thereto, and the sequences 
complementary thereto. The peptide can be, e.g., an immu 
nogenic fragment, a motif (e.g., a binding site), a signal 
sequence, a prepro sequence or a catalytic domains (CDS) or 
active site. 
0458. The invention also provides chimeric polypeptides 
(and the nucleic acids encoding them) comprising at least 
two enzymes of the invention or Subsequences thereof, e.g., 
active sites, or catalytic domains (CDs). A chimeric protein 
of the invention (e.g., a fusion protein, or, other heterodimer, 
e.g., two domains joined by other means, e.g., a linker, or, 
electrostatically) can comprise one polypeptide (e.g., active 
site or catalytic domain peptide) of the invention and another 
polypeptide (e.g., active site or catalytic domain peptide) of 
the invention or other polypeptide. For example, a chimeric 
protein of the invention can have any activity of a polypep 
tide involved chlorophyll catabolism or having an esterase 
(e.g., chlorophylase) activity, e.g., as described herein. In 
one aspect the chimeric protein of the invention comprises 
a fusion of domains, e.g., a single domain can exhibit one or 
any combination of activities. 
0459. The polypeptides of the invention include enzymes 
in an active or inactive form. For example, the polypeptides 
of the invention include proproteins before “maturation' or 
processing of prepro sequences, e.g., by a proprotein-pro 
cessing enzyme, such as a proprotein convertase to generate 
an “active' mature protein. The polypeptides of the inven 
tion include enzymes inactive for other reasons, e.g., before 
“activation” by a post-translational processing event, e.g., an 
endo- or exo-peptidase or proteinase action, a phosphoryla 
tion event, an amidation, a glycosylation or a sulfation, a 
dimerization event, and the like. The polypeptides of the 
invention include all active forms, including active Subse 
quences, e.g., catalytic domains or active sites, of the 
enzymes. 
0460 Methods for identifying “prepro’ domain 
sequences and signal sequences are well known in the art, 
see, e.g., Van de Ven (1993) Crit. Rev. Oncog. 4(2): 115-136. 
For example, to identify a prepro sequence, the protein is 
purified from the extracellular space and the N-terminal 
protein sequence is determined and compared to the unproc 
essed form. 
0461 The invention includes polypeptides with or with 
out a signal sequence and/or a prepro sequence. The inven 
tion includes polypeptides with heterologous signal 
sequences and/or prepro sequences. The prepro sequence 
(including a sequence of the invention used as a heterolo 
gous prepro domain) can be located on the amino terminal 
or the carboxy terminal end of the protein. The invention 
also includes isolated or recombinant signal sequences, 
prepro sequences and catalytic domains (e.g., “active sites”) 
comprising sequences of the invention. 
0462. The percent sequence identity can be over the full 
length of the polypeptide, or, the identity can be over a 
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region of at least about 50, 60, 70, 80, 90, 100, 150, 200, 
250, 300, 350, 400, 450, 500, 550, 600, 650, 700 or more 
residues. Polypeptides of the invention can also be shorter 
than the full length of exemplary polypeptides. In alternative 
aspects, the invention provides polypeptides (peptides, frag 
ments) ranging in size between about 5 and the full length 
of a polypeptide, e.g., an enzyme, of the invention; exem 
plary sizes being of about 5, 10, 15, 20, 25, 30, 35, 40, 45, 
50, 55, 60, 65, 70, 75, 80, 85,90, 100, 125, 150, 175, 200, 
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, or more 
residues, e.g., contiguous residues of an exemplary enzymes 
of the invention. 

0463 Peptides of the invention (e.g., a subsequence of an 
exemplary polypeptide of the invention) can be useful as, 
e.g., labeling probes, antigens, toleragens, motifs, enzyme 
active sites (e.g., “catalytic domains of enzymes of the 
invention), binding sites of enzymes of the invention, signal 
sequences and/or prepro domains. 
0464 Polypeptides and peptides of the invention can be 
isolated from natural sources, be synthetic, or be recombi 
nantly generated polypeptides. Peptides and proteins can be 
recombinantly expressed in vitro or in vivo. The peptides 
and polypeptides of the invention can be made and isolated 
using any method known in the art. Polypeptide and peptides 
of the invention can also be synthesized, whole or in part, 
using chemical methods well known in the art. See e.g., 
Caruthers (1980) Nucleic Acids Res. Symp. Ser. 215-223: 
Horn (1980) Nucleic Acids Res. Symp. Ser. 225-232; Banga, 
A. K., Therapeutic Peptides and Proteins. Formulation, 
Processing and Delivery Systems (1995) Technomic Pub 
lishing Co., Lancaster, Pa. For example, peptide synthesis 
can be performed using various Solid-phase techniques (see 
e.g., Roberge (1995) Science 269:202: Merrifield (1997) 
Methods Enzymol. 289:3-13) and automated synthesis may 
be achieved, e.g., using the ABI 431A Peptide Synthesizer 
(PerkinElmer) in accordance with the instructions provided 
by the manufacturer. 
0465. The peptides and polypeptides of the invention can 
also be glycosylated. The glycosylation can be added post 
translationally either chemically or by cellular biosynthetic 
mechanisms, wherein the later incorporates the use of 
known glycosylation motifs, which can be native to the 
sequence or can be added as a peptide or added in the nucleic 
acid coding sequence. The glycosylation can be O-linked or 
N-linked. 

0466. The peptides and polypeptides of the invention, as 
defined above, include all “mimetic' and "peptidomimetic' 
forms. The terms “mimetic' and "peptidomimetic' refer to 
a synthetic chemical compound which has substantially the 
same structural and/or functional characteristics of the 
polypeptides of the invention. The mimetic can be either 
entirely composed of synthetic, non-natural analogues of 
amino acids, or, is a chimeric molecule of partly natural 
peptide amino acids and partly non-natural analogs of amino 
acids. The mimetic can also incorporate any amount of 
natural amino acid conservative Substitutions as long as Such 
substitutions also do not substantially alter the mimetic's 
structure and/or activity. As with polypeptides of the inven 
tion which are conservative variants, routine experimenta 
tion will determine whether a mimetic is within the scope of 
the invention, i.e., that its structure and/or function is not 
substantially altered from an exemplary polypeptide of the 
invention. In one aspect, a mimetic composition is used in a 
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composition, cell system or process of the invention (e.g., a 
host cell having a plasmid expressing at least one enzyme of 
the invention). 
0467 Polypeptide mimetic compositions of the invention 
can contain any combination of non-natural structural com 
ponents. In alternative aspect, mimetic compositions of the 
invention include one or all of the following three structural 
groups: a) residue linkage groups other than the natural 
amide bond ("peptide bond') linkages; b) non-natural resi 
dues in place of naturally occurring amino acid residues; or 
c) residues which induce secondary structural mimicry, i.e., 
to induce or stabilize a secondary structure, e.g., a beta turn, 
gamma turn, beta sheet, alpha helix conformation, and the 
like. For example, a polypeptide of the invention can be 
characterized as a mimetic when all or some of its residues 
are joined by chemical means other than natural peptide 
bonds. Individual peptidomimetic residues can be joined by 
peptide bonds, other chemical bonds or coupling means, 
Such as, e.g., glutaraldehyde, N-hydroxySuccinimide esters, 
bifunctional maleimides, N,N'-dicyclohexylcarbodiimide 
(DCC) or N,N'-diisopropylcarbodiimide (DIC). Linking 
groups that can be an alternative to the traditional amide 
bond ("peptide bond') linkages include, e.g., ketomethylene 
(e.g., —C(=O)—CH2— for —C(=O)—NH ), aminom 
ethylene (CH NH), ethylene, olefin (CH=CH), ether 
(CH, O), thioether (CH, S), tetrazole (CN ), thiazole, 
retroamide, thioamide, or ester (see, e.g., Spatola (1983) in 
Chemistry and Biochemistry of Amino Acids, Peptides and 
Proteins, Vol. 7, pp. 267-357. “Peptide Backbone Modifica 
tions.” Marcell Dekker, NY). 
0468. A polypeptide of the invention can also be charac 
terized as a mimetic by containing all or some non-natural 
residues in place of naturally occurring amino acid residues. 
Non-natural residues are well described in the scientific and 
patent literature; a few exemplary non-natural compositions 
useful as mimetics of natural amino acid residues and 
guidelines are described below. Mimetics of aromatic amino 
acids can be generated by replacing by, e.g., D- or L-na 
phylalanine: D- or L-phenylglycine; D- or L-2 thieneylala 
nine, D- or L-1, -2.3-, or 4-pyreneylalanine, D- or L-3 
thieneylalanine: D- or L-(2-pyridinyl)-alanine: D- or L-(3- 
pyridinyl)-alanine, D- or L-(2-pyrazinyl)-alanine; D- or 
L-(4-isopropyl)-phenylglycine; D-(trifluoromethyl)-phe 
nylglycine: D-(trifluoromethyl)-phenylalanine: D-p-fluoro 
phenylalanine; D- or L-p-biphenylphenylalanine, D- or L-p- 
methoxy-biphenylphenylalanine: D- or L-2-indole(alkyl) 
alanines; and, D- or L-alkylainines, where alkyl can be 
substituted or unsubstituted methyl, ethyl, propyl, hexyl, 
butyl, pentyl, isopropyl, iso-butyl, sec-isotyl, iso-pentyl, or 
a non-acidic amino acids. Aromatic rings of a non-natural 
amino acid include, e.g., thiazolyl, thiophenyl, pyrazolyl, 
benzimidazolyl, naphthyl, furanyl, pyrrolyl, and pyridyl 
aromatic rings. 
0469 Mimetics of acidic amino acids can be generated 
by Substitution by, e.g., non-carboxylate amino acids while 
maintaining a negative charge, (phosphono)alanine; Sulfated 
threonine. Carboxyl side groups (e.g., aspartyl or glutamyl) 
can also be selectively modified by reaction with carbodi 
imides (R' N C N R") such as, e.g., 1-cyclohexyl-3 
(2-morpholinyl-(4-ethyl) carbodiimide or 1-ethyl-3(4-azo 
nia-4,4-dimetholpentyl) carbodiimide. Aspartyl or glutamyl 
can also be converted to asparaginyl and glutaminyl residues 
by reaction with ammonium ions. Mimetics of basic amino 
acids can be generated by Substitution with, e.g., (in addition 
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to lysine and arginine) the amino acids ornithine, citrulline, 
or (guanidino)-acetic acid, or (guanidino)alkyl-acetic acid, 
where alkyl is defined above. Nitrile derivative (e.g., con 
taining the CN-moiety in place of COOH) can be substituted 
for asparagine or glutamine. Asparaginyl and glutaminyl 
residues can be deaminated to the corresponding aspartyl or 
glutamyl residues. Arginine residue mimetics can be gener 
ated by reacting arginyl with, e.g., one or more conventional 
reagents, including, e.g., phenylglyoxal, 2,3-butanedione, 
1.2-cyclo-hexanedione, or ninhydrin, in one aspect under 
alkaline conditions. Tyrosine residue mimetics can be gen 
erated by reacting tyrosyl with, e.g., aromatic diazonium 
compounds or tetranitromethane. N-acetylimidizol and tet 
ranitromethane can be used to form O-acetyl tyrosyl species 
and 3-nitro derivatives, respectively. Cysteine residue 
mimetics can be generated by reacting cysteinyl residues 
with, e.g., alpha-haloacetates such as 2-chloroacetic acid or 
chloroacetamide and corresponding amines; to give car 
boxymethyl or carboxyamidomethyl derivatives. Cysteine 
residue mimetics can also be generated by reacting cysteinyl 
residues with, e.g., bromo-trifluoroacetone, alpha-bromo 
beta-(5-imidoZoyl) propionic acid; chloroacetyl phosphate, 
N-alkylmaleimides, 3-nitro-2-pyridyl disulfide; methyl 
2-pyridyl disulfide; p-chloromercuribenzoate: 2-chloromer 
curi-4 nitrophenol; or, chloro-7-nitrobenzo-Oxa-1,3-diazole. 
Lysine mimetics can be generated (and amino terminal 
residues can be altered) by reacting lysinyl with, e.g., 
Succinic or other carboxylic acid anhydrides. Lysine and 
other alpha-amino-containing residue mimetics can also be 
generated by reaction with imidoesters, such as methyl 
picolinimidate, pyridoxal phosphate, pyridoxal, chloroboro 
hydride, trinitro-benzenesulfonic acid, O-methylisourea, 
2.4, pentanedione, and transamidase-catalyzed reactions 
with glyoxylate. Mimetics of methionine can be generated 
by reaction with, e.g., methionine sulfoxide. Mimetics of 
proline include, e.g., pipecolic acid, thiazolidine carboxylic 
acid, 3- or 4-hydroxy proline, dehydroproline, 3- or 4-me 
thylproline, or 3.3,-dimethylproline. Histidine residue 
mimetics can be generated by reacting histidyl with, e.g., 
diethylprocarbonate or para-bromophenacyl bromide. Other 
mimetics include, e.g., those generated by hydroxylation of 
proline and lysine; phosphorylation of the hydroxyl groups 
of seryl or threonyl residues; methylation of the alpha-amino 
groups of lysine, arginine and histidine; acetylation of the 
N-terminal amine; methylation of main chain amide residues 
or substitution with N-methyl amino acids; or amidation of 
C-terminal carboxyl groups. 
0470 A residue, e.g., an amino acid, of a polypeptide of 
the invention can also be replaced by an amino acid (or 
peptidomimetic residue) of the opposite chirality. Thus, any 
amino acid naturally occurring in the L-configuration (which 
can also be referred to as the R or S, depending upon the 
structure of the chemical entity) can be replaced with the 
amino acid of the same chemical structural type or a 
peptidomimetic, but of the opposite chirality, referred to as 
the D-amino acid, but also can be referred to as the R- or 
S-form. 

0471) The invention also provides methods for modifying 
the polypeptides of the invention by either natural processes, 
Such as post-translational processing (e.g., phosphorylation, 
acylation, etc), or by chemical modification techniques, and 
the resulting modified polypeptides. Modifications can occur 
anywhere in the polypeptide, including the peptide back 
bone, the amino acid side-chains and the amino or carboxyl 
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termini. It will be appreciated that the same type of modi 
fication may be present in the same or varying degrees at 
Several sites in a given polypeptide. Also a given polypep 
tide may have many types of modifications. Modifications 
include acetylation, acylation, ADP-ribosylation, amidation, 
covalent attachment of flavin, covalent attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide 
derivative, covalent attachment of a lipid or lipid derivative, 
covalent attachment of a phosphatidylinositol, cross-linking 
cyclization, disulfide bond formation, demethylation, for 
mation of covalent cross-links, formation of cysteine, for 
mation of pyroglutamate, formylation, gamma-carboxyla 
tion, glycosylation, GPI anchor formation, hydroxylation, 
iodination, methylation, myristolyation, oxidation, pegyla 
tion, proteolytic processing, phosphorylation, prenylation, 
racemization, selenoylation, sulfation, and transfer-RNA 
mediated addition of amino acids to protein such as arginy 
lation. See, e.g., Creighton, T. E. Proteins Structure and 
Molecular Properties 2nd Ed., W.H. Freeman and Company, 
New York (1993); Posttranslational Covalent Modification 
of Proteins, B. C. Johnson, Ed., Academic Press, New York, 
pp. 1-12 (1983). 
0472 Solid-phase chemical peptide synthesis methods 
can also be used to synthesize the polypeptide or fragments 
of the invention. Such method have been known in the art 
since the early 1960's (Merrifield, R. B., J. Am. Chem. Soc., 
85:2149-2154, 1963) (See also Stewart, J. M. and Young, J. 
D., Solid Phase Peptide Synthesis, 2nd Ed., Pierce Chemical 
Co., Rockford, Ill., pp. 11-12)) and have recently been 
employed in commercially available laboratory peptide 
design and synthesis kits (Cambridge Research Biochemi 
cals). Such commercially available laboratory kits have 
generally utilized the teachings of H. M. Geysen et al. Proc. 
Natl. Acad. Sci., USA, 81:3998 (1984) and provide for 
synthesizing peptides upon the tips of a multitude of “rods’ 
or “pins' all of which are connected to a single plate. When 
Such a system is utilized, a plate of rods or pins is inverted 
and inserted into a second plate of corresponding wells or 
reservoirs, which contain solutions for attaching or anchor 
ing an appropriate amino acid to the pin's or rod's tips. By 
repeating such a process step, i.e., inverting and inserting the 
rods and pin's tips into appropriate solutions, amino acids 
are built into desired peptides. In addition, a number of 
available FMOC peptide synthesis systems are available. 
For example, assembly of a polypeptide or fragment can be 
carried out on a solid support using an Applied Biosystems. 
Inc. Model 431 ATM automated peptide synthesizer. Such 
equipment provides ready access to the peptides of the 
invention, either by direct synthesis or by synthesis of a 
series of fragments that can be coupled using other known 
techniques. 
0473. The invention includes polypeptides of the inven 
tion with and without signal. The polypeptide comprising a 
signal sequence of the invention can be a polypeptide of the 
invention or another polypeptide. 
0474. The invention includes immobilized polypeptides 
of the invention, including enzymes, antibodies and frag 
ments thereof. The invention provides methods for inhibit 
ing polypeptide activity, e.g., using dominant negative 
mutants or antibodies of the invention. The invention 
includes heterocomplexes, e.g., fusion proteins, het 
erodimers, etc., comprising the enzymes of the invention. 
0475 Polypeptides of the invention can have enzyme 
activity under various conditions, e.g., extremes in pH 
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and/or temperature, oxidizing agents, and the like. The 
invention provides methods leading to alternative enzyme 
preparations with different catalytic efficiencies and stabili 
ties, e.g., towards temperature, oxidizing agents and chang 
ing wash conditions. In one aspect, enzyme variants can be 
produced using techniques of site-directed mutagenesis and/ 
or random mutagenesis. In one aspect, directed evolution 
can be used to produce a great variety of enzyme variants 
with alternative specificities and stability. 
0476. The proteins of the invention are also useful as 
research reagents to identify enzyme modulators, e.g., acti 
vators or inhibitors of enzyme activity. Briefly, test samples 
(compounds, broths, extracts, and the like) are added to 
enzyme assays to determine their ability to inhibit substrate 
cleavage. Inhibitors identified in this way can be used in 
industry and research to reduce or prevent undesired pro 
teolysis. Enzyme inhibitors can be combined to increase the 
spectrum of activity. 
0477 The invention also provides methods of discover 
ing a new enzymes having similar activity to an enzyme of 
the invention using the nucleic acids, polypeptides and 
antibodies of the invention. In one aspect, phagemid librar 
ies are screened for expression-based discovery of a new 
enzyme. In another aspect, lambda phage libraries are 
screened for expression-based discovery of a new enzyme. 
Screening of the phage or phagemid libraries can allow the 
detection of toxic clones; improved access to Substrate; 
reduced need for engineering a host, by-passing the potential 
for any bias resulting from mass excision of the library; and, 
faster growth at low clone densities. Screening of phage or 
phagemid libraries can be in liquid phase or in Solid phase. 
In one aspect, the invention provides screening in liquid 
phase. This gives a greater flexibility in assay conditions; 
additional substrate flexibility; higher sensitivity for weak 
clones; and ease of automation over Solid phase screening. 
0478. The invention provides screening methods using 
the proteins and nucleic acids of the invention and robotic 
automation to enable the execution of many thousands of 
biocatalytic reactions and Screening assays in a short period 
of time, e.g., per day, as well as ensuring a high level of 
accuracy and reproducibility (see discussion of arrays, 
below). As a result, a library of derivative compounds can be 
produced in a matter of weeks. For further teachings on 
modification of molecules, including Small molecules, see 
PCT/US94/09174. 

0479. Another aspect of the invention is an isolated or 
purified polypeptide comprising the sequence of one of the 
invention, or fragments comprising at least about 5, 10, 15. 
20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino 
acids thereof. As discussed above, such polypeptides may be 
obtained by inserting a nucleic acid encoding the polypep 
tide into a vector Such that the coding sequence is operably 
linked to a sequence capable of driving the expression of the 
encoded polypeptide in a suitable host cell. For example, the 
expression vector may comprise a promoter, a ribosome 
binding site for translation initiation and a transcription 
terminator. The vector may also include appropriate 
sequences for amplifying expression. 
0480. Another aspect of the invention is polypeptides or 
fragments thereof which have at least about 50%, at least 
about 55%, at least about 60%, at least about 65%, at least 
about 70%, at least about 75%, at least about 80%, at least 
about 85%, at least about 90%, at least about 95%, or more 
than about 95% sequence identity (homology) to one of the 
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polypeptides of the invention, or a fragment comprising at 
least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 or more 
consecutive amino acids thereof. Sequence identity (homol 
ogy) may be determined using any of the programs 
described above which aligns the polypeptides or fragments 
being compared and determines the extent of amino acid 
identity or similarity between them. It will be appreciated 
that amino acid equivalence, or identity, or "homology,” 
includes conservative amino acid Substitutions such as those 
described above. 
0481. The polypeptides or fragments having homology to 
one of the polypeptides of the invention, or a fragment 
comprising at least about 5, 10, 15, 20, 25, 30, 35, 40, 50. 
75, 100, or 150 consecutive amino acids thereof may be 
obtained by isolating the nucleic acids encoding them using 
the techniques described above. 
0482 Alternatively, the homologous polypeptides or 
fragments may be obtained through biochemical enrichment 
or purification procedures. The sequence of potentially 
homologous polypeptides or fragments may be determined 
by activity assays, gel electrophoresis and/or microsequenc 
ing. The sequence of the prospective homologous polypep 
tide or fragment can be compared to one of the polypeptides 
of the invention, or a fragment comprising at least about 5. 
10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive 
amino acids thereof using any of the programs described 
above. 
0483 Another aspect of the invention is an assay for 
identifying fragments or variants of the invention, which 
retain the enzymatic function of the polypeptides of the 
invention. For example the fragments or variants of 
polypeptides of the invention may be used to catalyze 
biochemical reactions, which indicate that the fragment or 
variant retains the enzymatic activity of a polypeptide of the 
invention. 
0484 The assay for determining if fragments of variants 
retain the enzymatic activity of the polypeptides of the 
invention includes the steps of contacting the polypeptide 
fragment or variant with a Substrate molecule under condi 
tions which allow the polypeptide fragment or variant to 
function and detecting either a decrease in the level of 
substrate or an increase in the level of the specific reaction 
product of the reaction between the polypeptide and sub 
Strate. 

0485 The polypeptides of the invention or fragments 
comprising at least 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, 
or 150 consecutive amino acids thereof may be used in a 
variety of applications. For example, the polypeptides or 
fragments thereof may be used to catalyze biochemical 
reactions. In accordance with one aspect of the invention, 
there is provided a process for utilizing the polypeptides of 
the invention or polynucleotides encoding Such polypeptides 
for hydrolyzing ester linkages. In Such procedures, a Sub 
stance containing an ester linkage (e.g., a chlorophyll) is 
contacted with one of the polypeptides of the invention, or 
sequences Substantially identical thereto under conditions 
which facilitate the hydrolysis of the ester linkage. 
0486 The present invention exploits the unique catalytic 
properties of enzymes. Whereas the use of biocatalysts (i.e., 
purified or crude enzymes, non-living or living cells) in 
chemical transformations normally requires the identifica 
tion of a particular biocatalyst that reacts with a specific 
starting compound, the present invention uses selected bio 
catalysts and reaction conditions that are specific for func 
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tional groups that are present in many starting compounds, 
Such as Small molecules. Each biocatalyst is specific for one 
functional group, or several related functional groups and 
can react with many starting compounds containing this 
functional group. 
0487. The biocatalytic reactions produce a population of 
derivatives from a single starting compound. These deriva 
tives can be subjected to another round of biocatalytic 
reactions to produce a second population of derivative 
compounds. Thousands of variations of the original Small 
molecule or compound can be produced with each iteration 
of biocatalytic derivatization. 
0488. Enzymes react at specific sites of a starting com 
pound without affecting the rest of the molecule, a process 
which is very difficult to achieve using traditional chemical 
methods. This high degree of biocatalytic specificity pro 
vides the means to identify a single active compound within 
the library. The library is characterized by the series of 
biocatalytic reactions used to produce it, a so called “bio 
synthetic history”. Screening the library for biological 
activities and tracing the biosynthetic history identifies the 
specific reaction sequence producing the active compound. 
The reaction sequence is repeated and the structure of the 
synthesized compound determined. This mode of identifi 
cation, unlike other synthesis and screening approaches, 
does not require immobilization technologies and com 
pounds can be synthesized and tested free in Solution using 
virtually any type of screening assay. It is important to note, 
that the high degree of specificity of enzyme reactions on 
functional groups allows for the “tracking of specific 
enzymatic reactions that make up the biocatalytically pro 
duced library. 
0489. Many of the procedural steps are performed using 
robotic automation enabling the execution of many thou 
sands of biocatalytic reactions and screening assays per day 
as well as ensuring a high level of accuracy and reproduc 
ibility. As a result, a library of derivative compounds can be 
produced in a matter of weeks which would take years to 
produce using current chemical methods. 
0490. In a particular aspect, the invention provides a 
method for modifying Small molecules, comprising contact 
ing a polypeptide encoded by a polynucleotide described 
herein or enzymatically active fragments thereof with a 
Small molecule to produce a modified Small molecule. A 
library of modified small molecules is tested to determine if 
a modified small molecule is present within the library 
which exhibits a desired activity. A specific biocatalytic 
reaction which produces the modified small molecule of 
desired activity is identified by systematically eliminating 
each of the biocatalytic reactions used to produce a portion 
of the library and then testing the small molecules produced 
in the portion of the library for the presence or absence of the 
modified small molecule with the desired activity. The 
specific biocatalytic reactions which produce the modified 
small molecule of desired activity is optionally repeated. 
The biocatalytic reactions are conducted with a group of 
biocatalysts that react with distinct structural moieties found 
within the structure of a small molecule, each biocatalyst is 
specific for one structural moiety or a group of related 
structural moieties; and each biocatalyst reacts with many 
different small molecules which contain the distinct struc 
tural moiety. 
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0491 Signal Sequences, Prepro, Binding Domains and 
Catalytic Domains 
0492. The invention provides enzyme signal sequences 
(e.g., signal peptides (SPs)), prepro domains, binding 
domains and catalytic domains (CDS) (e.g., active sites). The 
SPs, prepro domains and/or CDs of the invention can be 
isolated or recombinant peptides or can be part of a fusion 
protein, e.g., as a heterologous domain in a chimeric protein. 
The invention provides nucleic acids encoding these cata 
lytic domains (CDs), prepro domains and signal sequences 
(SPs, e.g., a peptide having a sequence comprising/consist 
ing of amino terminal residues of a polypeptide of the 
invention). In one aspect, the invention provides a signal 
sequence comprising a peptide comprising/consisting of a 
sequence as set forth in residues 1 to 10, 1 to 11, 1 to 12, 1 
to 13, 1 to 14, 1 to 15, 1 to 16, 1 to 17, 1 to 18, 1 to 19, 1 
to 20, 1 to 21, 1 to 22, 1 to 23, 1 to 24, 1 to 25, 1 to 26, 1 
to 27, 1 to 28, 1 to 28, 1 to 30, 1 to 31, 1 to 32, 1 to 33, 1 
to 34, 1 to 35, 1 to 36, 1 to 37, 1 to 38, 1 to 39, 1 to 40, 1 
to 41, 1 to 42, 1 to 43, 1 to 44, 1 to 45, 1 to 46, 1 to 47, 1 
to 48, 1 to 49, 1 to 50, 1 to 51, or 1 to 52 or more, of a 
polypeptide of the invention. 
0493. In one aspect, the invention also provides chimeric 
polypeptides (and the nucleic acids encoding them) com 
prising at least two enzymes of the invention or Subse 
quences thereof, e.g., catalytic domains (CDS) or active 
sites. For example, a chimeric protein of the invention can 
have any combination of activities. In one aspect the chi 
meric protein of the invention comprises a fusion of 
domains, e.g., a single domain can exhibit one or any 
combination of activities (e.g., as a recombinant chimeric 
protein). 
0494 The invention also provides isolated, synthetic or 
recombinant signal sequences comprising/consisting of a 
signal sequence of the invention, e.g., exemplary signal 
sequences as set forth in Table 1, below, and polypeptides 
comprising these signal sequences. The polypeptide can be 
another enzyme of the invention, or another type of enzyme 
or polypeptide. For example, to aid in reading Table 1, the 
invention provides an isolated, synthetic or recombinant 
signal sequence as set forth by the amino terminal amino 
acid residues 1 to 21 (“NH-MSRVCLPLTLTLALTL 
SARA”) of SEQID NO: 2, encoded, e.g., by SEQID NO:1, 
etc.: 

TABLE 1. 

Signal 
sequence 
position 
(AA = 

SEQ ID Amino 
NO : Acid) Signal sequence 

1, 2 AA1 - 20 MSRWCLPLTLTLALTLSARA 

11, 12 

13, 14 

15, 16 

17, 18 AA1-25 MKKYKTGLVLSGGGTRGFAHLGVIA 

19, 2O 
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TABLE 1 - continued 

Signal 
sequence 
position 
(AA = 

SEO ID Amino 
NO: Acid) Signal sequence 

5, 6 AA1-25 MRRIVFLYILALLCVSCANRNPSVS 

7, 8 AA1-51 MTRKKIGLALSGGAARGFAHLGVLKVFAEHGIPVDF 
WAGTSAGSFAGAAFA 

9, 10 AA1-23 MFNKALPAAAAVAGLFLSTSAMA 

0495. The signal sequences (SPs) and/or prepro 
sequences of the invention can be isolated peptides, or, 
sequences joined to another enzyme of the invention, or a 
heterologous protein, e.g., as a fusion (chimeric) protein. In 
one aspect, the invention provides polypeptides comprising 
signal sequences of the invention. In one aspect, polypep 
tides comprising signal sequences SPS and/or prepro of the 
invention comprise sequences heterologous to enzymes of 
the invention (e.g., a fusion protein comprising an SP and/or 
prepro of the invention and/or sequences from another 
protein). In one aspect, the invention provides an enzyme of 
the invention with heterologous SPs and/or prepro 
sequences, e.g., sequences with a yeast signal sequence. 
Enzymes of the invention can comprise a heterologous SP 
and/or prepro in a vector, e.g., a pPIC series vector (Invit 
rogen, Carlsbad, Calif.). In one aspect, SPS and/or prepro 
sequences of the invention are identified following identi 
fication of novel polypeptides. The pathways by which 
proteins are sorted and transported to their proper cellular 
location are often referred to as protein targeting pathways. 
One of the most important elements in all of these targeting 
systems is a short amino acid sequence at the amino termi 
nus of a newly synthesized polypeptide called the signal 
sequence. This signal sequence directs a protein to its 
appropriate location in the cell and is removed during 
transport or when the protein reaches its final destination. 
Most lysosomal, membrane, or secreted proteins have an 
amino-terminal signal sequence that marks them for trans 
location into the lumen of the endoplasmic reticulum. More 
than 100 signal sequences for proteins in this group have 
been determined. The signal sequences can vary in length 
from 13 to 36 amino acid residues. Various methods of 
recognition of signal sequences are known to those of skill 
in the art. For example, in one aspect, novel signal peptides 
are identified by a method referred to as SignalP, SignalP 
uses a combined neural network which recognizes both 
signal peptides and their cleavage sites. (Nielsen, et al., 
“Identification of prokaryotic and eukaryotic signal peptides 
and prediction of their cleavage sites.” Protein Engineering, 
vol. 10, no. 1, p. 1-6 (1997). 
0496. It should be understood that in some aspects an 
enzyme of the invention may not have SPs and/or prepro 
sequences, or one or more “domains. In one aspect, the 
invention provides an enzyme of the invention lacking all or 
part of an SP and/or a prepro domain. In one aspect, the 
invention provides a nucleic acid sequence encoding a signal 
sequence (SP) and/or prepro from one enzyme of the inven 
tion operably linked to a nucleic acid sequence of a different 
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enzyme of the invention or, optionally, a signal sequence 
(SPs) and/or prepro domain from a different type of protein 
may be desired. 
0497. The invention also provides isolated or recombi 
nant polypeptides comprising signal sequences (SPs), prepro 
domain and/or catalytic domains (CDS) of the invention and 
heterologous sequences. The heterologous sequences are 
sequences not naturally associated (e.g., to enzymes of the 
invention) with an SP prepro domain and/or CD. The 
sequence to which the SP prepro domain and/or CD are not 
naturally associated can be on the SP's, prepro domain 
and/or CD’s amino terminal end, carboxy terminal end, 
and/or on both ends of the SP and/or CD. In one aspect, the 
invention provides an isolated or recombinant polypeptide 
comprising (or consisting of) a polypeptide comprising a 
signal sequence (SP), prepro domain and/or catalytic 
domain (CD) of the invention with the proviso that it is not 
associated with any sequence to which it is naturally asso 
ciated. Similarly in one aspect, the invention provides iso 
lated or recombinant nucleic acids encoding these polypep 
tides. Thus, in one aspect, the isolated or recombinant 
nucleic acid of the invention comprises coding sequence for 
a signal sequence (SP), prepro domain and/or catalytic 
domain (CD) of the invention and a heterologous sequence 
(i.e., a sequence not naturally associated with the a signal 
sequence (SP), prepro domain and/or catalytic domain (CD) 
of the invention). The heterologous sequence can be on the 
3' terminal end, 5' terminal end, and/or on both ends of the 
SP prepro domain and/or CD coding sequence. 
0498 Hybrid (chimeric) Enzymes and Peptide Libraries 
0499. In one aspect, the invention provides hybrid 
enzymes of the invention and fusion proteins, including 
peptide libraries, comprising sequences of the invention. 
The peptide libraries of the invention can be used to isolate 
peptide modulators (e.g., activators or inhibitors) of targets, 
Such as enzyme of the invention, their substrates, etc. The 
peptide libraries of the invention can be used to identify 
formal binding partners of targets, such as ligands, e.g., 
cytokines, hormones and the like. In one aspect, the inven 
tion provides chimeric proteins comprising a signal 
sequence (SP), prepro domain and/or catalytic domain (CD) 
of the invention or a combination thereof and a heterologous 
sequence (see above). 
0500. In one aspect, the fusion proteins of the invention 
(e.g., the peptide moiety) are conformationally stabilized 
(relative to linear peptides) to allow a higher binding affinity 
for targets. The invention provides fusions of enzymes of the 
invention and other peptides, including known and random 
peptides. They can be fused in Such a manner that the 
structure of a polypeptide is not significantly perturbed and 
the peptide is metabolically or structurally conformationally 
stabilized. This allows the creation of a peptide library that 
is easily monitored both for its presence within cells and its 
quantity. 
0501 Amino acid sequence variants of the invention can 
be characterized by a predetermined nature of the variation, 
a feature that sets them apart from a naturally occurring 
form, e.g., an allelic or interspecies variation of enzymes of 
the invention. In one aspect, the variants of the invention 
exhibit the same qualitative biological activity as the natu 
rally occurring analogue. Alternatively, the variants can be 
selected for having modified characteristics. In one aspect, 
while the site or region for introducing an amino acid 
sequence variation is predetermined, the mutation per se 
need not be predetermined. For example, in order to opti 
mize the performance of a mutation at a given site, random 
mutagenesis may be conducted at the target codon or region 
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and the expressed enzyme variants screened for the optimal 
combination of desired activity. Techniques for making 
substitution mutations at predetermined sites in DNA having 
a known sequence are well known, as discussed herein for 
example, M13 primer mutagenesis and PCR mutagenesis. 
Screening of the mutants can be done using, e.g., assays of 
chlorophyll hydrolysis, as described in Example 1, below. In 
alternative aspects, amino acid Substitutions can be single 
residues; insertions can be on the order of from about 1 to 
20 amino acids, although considerably larger insertions can 
be done. Deletions can range from about 1 to about 20, 30, 
40, 50, 60, 70 residues or more. To obtain a final derivative 
with the optimal properties, Substitutions, deletions, inser 
tions or any combination thereof may be used. Generally, 
these changes are done on a few amino acids to minimize the 
alteration of the molecule. However, larger changes may be 
tolerated in certain circumstances. 

0502. The invention provides polypeptides, e.g., 
enzymes, of the invention where the structure of the 
polypeptide backbone, the secondary or the tertiary struc 
ture, e.g., an alpha-helical or beta-sheet structure, has been 
modified. In one aspect, the charge or hydrophobicity has 
been modified. In one aspect, the bulk of a side chain has 
been modified. Substantial changes in function or immuno 
logical identity are made by selecting Substitutions that are 
less conservative. For example, Substitutions can be made 
which more significantly affect: the structure of the polypep 
tide backbone in the area of the alteration, for example a 
alpha-helical or a beta-sheet structure; a charge or a hydro 
phobic site of the molecule, which can be at an active site: 
or a side chain. The invention provides substitutions in 
polypeptide of the invention where (a) a hydrophilic resi 
dues, e.g. Seryl or threonyl, is Substituted for (or by) a 
hydrophobic residue, e.g. leucyl, isoleucyl, phenylalanyl. 
valyl or alanyl; (b) a cysteine or proline is substituted for (or 
by) any other residue; (c) a residue having an electropositive 
side chain, e.g. lysyl, arginyl, or histidyl, is Substituted for 
(or by) an electronegative residue, e.g. glutamyl or aspartyl: 
or (d) a residue having a bulky side chain, e.g. phenylala 
nine, is Substituted for (or by) one not having a side chain, 
e.g. glycine. The variants can exhibit the same qualitative 
biological activity as enzymes of the invention, although 
variants can be selected to modify the characteristics of the 
enzyme as needed. 
0503 “Amino acid' or "amino acid sequence' as used 
herein refer to an oligopeptide, peptide, polypeptide, or 
protein sequence, or to a fragment, portion, or subunit of any 
of these and to naturally occurring or synthetic molecules. 
0504 “Amino acid' or “amino acid sequence' include an 
oligopeptide, peptide, polypeptide, or protein sequence, or to 
a fragment, portion, or subunit of any of these, and to 
naturally occurring or synthetic molecules. The term 
"polypeptide' as used herein, refers to amino acids joined to 
each other by peptide bonds or modified peptide bonds, i.e., 
peptide isosteres and may contain modified amino acids 
other than the 20 gene-encoded amino acids. The polypep 
tides may be modified by either natural processes, such as 
post-translational processing, or by chemical modification 
techniques which are well known in the art. Modifications 
can occur anywhere in the polypeptide, including the pep 
tide backbone, the amino acid side-chains and the amino or 
carboxyl termini. It will be appreciated that the same type of 
modification may be present in the same or varying degrees 
at several sites in a given polypeptide. Also a given polypep 
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tide may have many types of modifications. Modifications 
include acetylation, acylation, ADP-ribosylation, amidation, 
covalent attachment of flavin, covalent attachment of a heme 
moiety, covalent attachment of a nucleotide or nucleotide 
derivative, covalent attachment of a lipid or lipid derivative, 
covalent attachment of a phosphatidylinositol, cross-linking 
cyclization, disulfide bond formation, demethylation, for 
mation of covalent cross-links, formation of cysteine, for 
mation of pyroglutamate, formylation, gamma-carboxyla 
tion, glycosylation, GPI anchor formation, hydroxylation, 
iodination, methylation, myristolyation, oxidation, pegyla 
tion, glucan hydrolase processing, phosphorylation, preny 
lation, racemization, selenoylation, Sulfation and transfer 
RNA mediated addition of amino acids to protein such as 
arginylation. (See Creighton, T. E. Proteins—Structure and 
Molecular Properties 2nd Ed., W.H. Freeman and Company, 
New York (1993); Posttranslational Covalent Modification 
of Proteins, B. C. Johnson, Ed., Academic Press, New York, 
pp. 1-12 (1983)). The peptides and polypeptides of the 
invention also include all “mimetic' and "peptidomimetic' 
forms, as described in further detail, below. 
0505 Additionally a “substantially identical amino acid 
sequence is a sequence that differs from a reference 
sequence by one or more conservative or non-conservative 
amino acid substitutions, deletions, or insertions, particu 
larly when Such a substitution occurs at a site that is not the 
active site (catalytic domains (CDs)) of the molecule and 
provided that the polypeptide essentially retains its func 
tional properties. A conservative amino acid substitution, for 
example, Substitutes one amino acid for another of the same 
class (e.g., Substitution of one hydrophobic amino acid. Such 
as isoleucine, Valine, leucine, or methionine, for another, or 
Substitution of one polar amino acid for another. Such as 
Substitution of arginine for lysine, glutamic acid for aspartic 
acid or glutamine for asparagine). One or more amino acids 
can be deleted, for example, from a polypeptide, resulting in 
modification of the structure of the polypeptide, without 
significantly altering its biological activity. For example, 
amino- or carboxyl-terminal amino acids that are not 
required for enzyme biological activity can be removed. 
Modified polypeptide sequences of the invention can be 
assayed for biological (e.g., enzymatic, or binding) activity 
by any number of methods, including contacting the modi 
fied polypeptide sequence with an enzyme Substrate and 
determining whether the modified polypeptide decreases the 
amount of specific Substrate in the assay or increases the 
bioproducts of the enzymatic reaction of a functional 
polypeptide with the substrate. 
0506 “Fragments’ as used herein are a portion of a 
naturally occurring protein which can exist in at least two 
different conformations. Fragments can have the same or 
Substantially the same amino acid sequence as the naturally 
occurring protein. “Substantially the same means that an 
amino acid sequence is largely, but not entirely, the same, 
but retains at least one functional activity of the sequence to 
which it is related. In alternative aspects, two amino acid 
sequences are “substantially the same' or “substantially 
homologous' if they have at least about 51%, 52%. 53%, 
54%, 55%, 56%, 57%, 58%, 59%, 60%, 61%, 62%, 63%, 
64%, 65%, 66%, 67%, 68%, 69%, 70%, 71%, 72%, 73%, 
74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 
94%. 95%, 96%, 97%, 98%, 99%, or more sequence iden 
tity. Fragments which have different three dimensional 
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structures as the naturally occurring protein are also 
included; e.g., a "pro-form molecule, such as a low activity 
proprotein that can be modified by cleavage to produce a 
mature enzyme with significantly higher activity. 
0507. In one aspect, enzymes of the invention comprise 
epitopes or purification tags, signal sequences or other 
fusion sequences, etc. In one aspect, enzymes can be fused 
to a random peptide to form a fusion polypeptide. By 
“fused’ or “operably linked herein is meant that the random 
peptide and the enzyme are linked together, in Such a manner 
as to minimize the disruption to the stability of the enzyme 
structure, e.g., it retains activity. The fusion polypeptide (or 
fusion polynucleotide encoding the fusion polypeptide) can 
comprise further components as well, including multiple 
peptides at multiple loops. 
0508. In one aspect, the peptides and nucleic acids encod 
ing them are randomized, either fully randomized or they are 
biased in their randomization, e.g. in nucleotide/residue 
frequency generally or per position. “Randomized' means 
that each nucleic acid and peptide consists of essentially 
random nucleotides and amino acids, respectively. In one 
aspect, the nucleic acids which give rise to the peptides can 
be chemically synthesized, and thus may incorporate any 
nucleotide at any position. Thus, when the nucleic acids are 
expressed to form peptides, any amino acid residue may be 
incorporated at any position. The synthetic process can be 
designed to generate randomized nucleic acids, to allow the 
formation of all or most of the possible combinations over 
the length of the nucleic acid, thus forming a library of 
randomized nucleic acids. The library can provide a suffi 
ciently structurally diverse population of randomized 
expression products to affect a probabilistically sufficient 
range of cellular responses to provide one or more cells 
exhibiting a desired response. Thus, the invention provides 
an interaction library large enough so that at least one of its 
members will have a structure that gives it affinity for some 
molecule, protein, or other factor. 
0509. The invention provides a means for generating 
chimeric polypeptides which may encode biologically active 
hybrid polypeptides (e.g., hybrid enzymes of the invention). 
In one aspect, the original polynucleotides encode biologi 
cally active polypeptides. The method of the invention 
produces new hybrid polypeptides by utilizing cellular pro 
cesses which integrate the sequence of the original poly 
nucleotides such that the resulting hybrid polynucleotide 
encodes a polypeptide demonstrating activities derived from 
the original biologically active polypeptides. For example, 
the original polynucleotides may encode a particular enzyme 
from different microorganisms. An enzyme encoded by a 
first polynucleotide from one organism or variant may, for 
example, function effectively under a particular environ 
mental condition, e.g. high salinity. An enzyme encoded by 
a second polynucleotide from a different organism or variant 
may function effectively under a different environmental 
condition, such as extremely high temperatures. A hybrid 
polynucleotide containing sequences from the first and sec 
ond original polynucleotides may encode an enzyme which 
exhibits characteristics of both enzymes encoded by the 
original polynucleotides. Thus, the enzyme encoded by the 
hybrid polynucleotide may function effectively under envi 
ronmental conditions shared by each of the enzymes 
encoded by the first and second polynucleotides, e.g., high 
salinity and extreme temperatures. 
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0510. A hybrid polypeptide resulting from the method of 
the invention may exhibit specialized enzyme activity not 
displayed in the original enzymes. For example, following 
recombination and/or reductive reassortment of polynucle 
otides encoding enzyme activities, the resulting hybrid 
polypeptide encoded by a hybrid polynucleotide can be 
screened for specialized enzyme activities obtained from 
each of the original enzymes, i.e. the type of bond on which 
the enzyme acts and the temperature at which the enzyme 
functions. Thus, for example, the enzyme may be screened 
to ascertain those chemical functionalities which distinguish 
the hybrid enzyme from the original enzymes, such as 
Substrate specificity, or temperature, pH or salt concentration 
at which the hybrid polypeptide functions. 
0511 Sources of the original polynucleotides may be 
isolated from individual organisms ("isolates'), collections 
of organisms that have been grown in defined media (“en 
richment cultures'), or, uncultivated organisms (“environ 
mental samples'). The use of a culture-independent 
approach to derive polynucleotides encoding novel bioac 
tivities from environmental samples is most preferable since 
it allows one to access untapped resources of biodiversity. 
0512 “Environmental libraries' are generated from envi 
ronmental samples and represent the collective genomes of 
naturally occurring organisms archived in cloning vectors 
that can be propagated in Suitable prokaryotic hosts. 
Because the cloned DNA is initially extracted directly from 
environmental samples, the libraries are not limited to the 
small fraction of prokaryotes that can be grown in pure 
culture. Additionally, a normalization of the environmental 
DNA present in these samples could allow more equal 
representation of the DNA from all of the species present in 
the original sample. This can dramatically increase the 
efficiency of finding interesting genes from minor constitu 
ents of the sample which may be under-represented by 
several orders of magnitude compared to the dominant 
species. 
0513 For example, gene libraries generated from one or 
more uncultivated microorganisms are screened for an activ 
ity of interest. Potential pathways encoding bioactive mol 
ecules of interest are first captured in prokaryotic cells in the 
form of gene expression libraries. Polynucleotides encoding 
activities of interest are isolated from such libraries and 
introduced into a host cell. The host cell is grown under 
conditions which promote recombination and/or reductive 
reassortment creating potentially active biomolecules with 
novel or enhanced activities. 
0514. The microorganisms from which the polynucle 
otide may be prepared include prokaryotic microorganisms, 
Such as Eubacteria and Archaebacteria and lower eukary 
otic microorganisms such as fungi, Some algae and protozoa. 
Polynucleotides may be isolated from environmental 
samples in which case the nucleic acid may be recovered 
without culturing of an organism or recovered from one or 
more cultured organisms. In one aspect. Such microorgan 
isms may be extremophiles, such as hyperthermophiles, 
psychrophiles, psychrotrophs, halophiles, barophiles and 
acidophiles. Polynucleotides encoding enzymes isolated 
from extremophilic microorganisms can be used. Such 
enzymes may function at temperatures above 100° C. in 
terrestrial hot springs and deep sea thermal vents, at tem 
peratures below 0°C. in arctic waters, in the saturated salt 
environment of the Dead Sea, at pH values around 0 in coal 
deposits and geothermal Sulfur-rich springs, or at pH values 
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greater than 11 in sewage sludge. For example, several 
esterases and lipases cloned and expressed from extremo 
philic organisms show high activity throughout a wide range 
of temperatures and pHs. 
0515 Polynucleotides selected and isolated as herein 
above described are introduced into a suitable host cell. A 
Suitable host cell is any cell which is capable of promoting 
recombination and/or reductive reassortment. The selected 
polynucleotides are in one aspect already in a vector which 
includes appropriate control sequences. The host cell can be 
a higher eukaryotic cell. Such as a mammalian cell, or a 
lower eukaryotic cell. Such as a yeast cell, or in one aspect, 
the host cell can be a prokaryotic cell. Such as a bacterial 
cell. Introduction of the construct into the host cell can be 
effected by calcium phosphate transfection, DEAE-Dextran 
mediated transfection, or electroporation (Davis et al., 
1986). 
0516. As representative examples of appropriate hosts, 
there may be mentioned: bacterial cells, such as E. coli, 
Streptomyces, Salmonella typhimurium; fungal cells, such as 
yeast; insect cells such as Drosophila S2 and Spodoptera 
Sf9; animal cells such as CHO, COS or Bowes melanoma; 
adenoviruses; and plant cells. The selection of an appropri 
ate host is deemed to be within the scope of those skilled in 
the art from the teachings herein. 
0517. With particular references to various mammalian 
cell culture systems that can be employed to express recom 
binant protein, examples of mammalian expression systems 
include the COS-7 lines of monkey kidney fibroblasts, 
described in “SV40-transformed simian cells support the 
replication of early SV40 mutants” (Gluzman, 1981) and 
other cell lines capable of expressing a compatible vector, 
for example, the C127, 3T3, CHO, HeLa and BHK cell 
lines. Mammalian expression vectors will comprise an ori 
gin of replication, a suitable promoter and enhancer and also 
any necessary ribosome binding sites, polyadenylation site, 
splice donor and acceptor sites, transcriptional termination 
sequences and 5' flanking nontranscribed sequences. DNA 
sequences derived from the SV40 splice and polyadenyla 
tion sites may be used to provide the required nontranscribed 
genetic elements. 
0518. In another aspect, it is envisioned the method of the 
present invention can be used to generate novel polynucle 
otides encoding biochemical pathways from one or more 
operons or gene clusters or portions thereof. For example, 
bacteria and many eukaryotes have a coordinated mecha 
nism for regulating genes whose products are involved in 
related processes. The genes are clustered, in structures 
referred to as "gene clusters,” on a single chromosome and 
are transcribed together under the control of a single regu 
latory sequence, including a single promoter which initiates 
transcription of the entire cluster. Thus, a gene cluster is a 
group of adjacent genes that are either identical or related, 
usually as to their function. An example of a biochemical 
pathway encoded by gene clusters are polyketides. 
0519 Gene cluster DNA can be isolated from different 
organisms and ligated into vectors, particularly vectors 
containing expression regulatory sequences which can con 
trol and regulate the production of a detectable protein or 
protein-related array activity from the ligated gene clusters. 
Use of vectors which have an exceptionally large capacity 
for exogenous DNA introduction are particularly appropri 
ate for use with Such gene clusters and are described by way 
of example herein to include the f-factor (or fertility factor) 
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of E. coli. This f-factor of E. coli is a plasmid which affects 
high-frequency transfer of itself during conjugation and is 
ideal to achieve and stably propagate large DNA fragments, 
Such as gene clusters from mixed microbial samples. One 
aspect is to use cloning vectors, referred to as “fosmids” or 
bacterial artificial chromosome (BAC) vectors. These are 
derived from E. coli f-factor which is able to stably integrate 
large segments of genomic DNA. When integrated with 
DNA from a mixed uncultured environmental sample, this 
makes it possible to achieve large genomic fragments in the 
form of a stable “environmental DNA library.” Another type 
of vector for use in the present invention is a cosmid vector. 
Cosmid vectors were originally designed to clone and propa 
gate large segments of genomic DNA. Cloning into cosmid 
vectors is described in detail in Sambrook et al., Molecular 
Cloning: A Laboratory Manual, 2nd Ed., Cold Spring Har 
bor Laboratory Press (1989). Once ligated into an appropri 
ate vector, two or more vectors containing different 
polyketide synthase gene clusters can be introduced into a 
Suitable host cell. Regions of partial sequence homology 
shared by the gene clusters will promote processes which 
result in sequence reorganization resulting in a hybrid gene 
cluster. The novel hybrid gene cluster can then be screened 
for enhanced activities not found in the original gene clus 
ters. 

0520. Therefore, in a one aspect, the invention relates to 
a method for producing a biologically active hybrid 
polypeptide and Screening Such a polypeptide for enhanced 
activity by: 

0521. 1) introducing at least a first polynucleotide in 
operable linkage and a second polynucleotide in oper 
able linkage, the at least first polynucleotide and second 
polynucleotide sharing at least one region of partial 
sequence homology, into a suitable host cell; 

0522 2) growing the host cell under conditions which 
promote sequence reorganization resulting in a hybrid 
polynucleotide in operable linkage; 

0523 3) expressing a hybrid polypeptide encoded by 
the hybrid polynucleotide; 

0524. 4) screening the hybrid polypeptide under con 
ditions which promote identification of enhanced bio 
logical activity; and 

0525 5) isolating the a polynucleotide encoding the 
hybrid polypeptide. 

0526 Methods for screening for various enzyme activi 
ties are known to those of skill in the art and are discussed 
throughout the present specification. Such methods may be 
employed when isolating the polypeptides and polynucle 
otides of the invention. 

Screening Methodologies and "On-Line' 
Devices 

0527. In practicing the methods of the invention, a vari 
ety of apparatus and methodologies can be used to in 
conjunction with the polypeptides and nucleic acids of the 
invention, e.g., to Screen polypeptides for enzyme activity, to 
screen compounds as potential modulators, e.g., activators 
or inhibitors of activity, for antibodies that bind to a 
polypeptide of the invention, for nucleic acids that hybridize 
to a nucleic acid of the invention, to screen for cells 
expressing a polypeptide of the invention and the like. In 
addition to the array formats described in detail below for 
screening samples, alternative formats can also be used to 
practice the methods of the invention. Such formats include, 

Monitoring 
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for example, mass spectrometers, chromatographs, e.g., 
high-throughput HPLC and other forms of liquid chroma 
tography, and Smaller formats, such as 1536-well plates, 
384-well plates and so on. High throughput screening appa 
ratus can be adapted and used to practice the methods of the 
invention, see, e.g., U.S. Patent Application No. 
2002OOO1809. 
0528 Capillary Arrays 
0529 Nucleic acids or polypeptides of the invention can 
be immobilized to or applied to an array. Arrays can be used 
to screen for or monitor libraries of compositions (e.g., Small 
molecules, antibodies, nucleic acids, etc.) for their ability to 
bind to or modulate the activity of a nucleic acid or a 
polypeptide of the invention. Capillary arrays, such as the 
GIGAMATRIXTM, Diversa Corporation, San Diego, Calif; 
and arrays described in, e.g., U.S. Patent Application No. 
20020080350 A1: WO 0231203 A: WO 0244336A, provide 
an alternative apparatus for holding and screening samples. 
In one aspect, the capillary array includes a plurality of 
capillaries formed into an array of adjacent capillaries, 
wherein each capillary comprises at least one wall defining 
a lumen for retaining a sample. The lumen may be cylin 
drical, square, hexagonal or any other geometric shape so 
long as the walls form a lumen for retention of a liquid or 
sample. The capillaries of the capillary array can be held 
together in close proximity to form a planar structure. The 
capillaries can be bound together, by being fused (e.g., 
where the capillaries are made of glass), glued, bonded, or 
clamped side-by-side. Additionally, the capillary array can 
include interstitial material disposed between adjacent cap 
illaries in the array, thereby forming a solid planar device 
containing a plurality of through-holes. 
0530 A capillary array can be formed of any number of 
individual capillaries, for example, a range from 100 to 
4,000,000 capillaries. Further, a capillary array having about 
100,000 or more individual capillaries can be formed into 
the standard size and shape of a MicrotiterR) plate for fitment 
into standard laboratory equipment. The lumens are filled 
manually or automatically using either capillary action or 
microinjection using a thin needle. Samples of interest may 
subsequently be removed from individual capillaries for 
further analysis or characterization. For example, a thin, 
needle-like probe is positioned in fluid communication with 
a selected capillary to either add or withdraw material from 
the lumen. 
0531. In a single-pot Screening assay, the assay compo 
nents are mixed yielding a solution of interest, prior to 
insertion into the capillary array. The lumen is filled by 
capillary action when at least a portion of the array is 
immersed into a solution of interest. Chemical or biological 
reactions and/or activity in each capillary are monitored for 
detectable events. A detectable event is often referred to as 
a “hit’, which can usually be distinguished from “non-hit 
producing capillaries by optical detection. Thus, capillary 
arrays allow for massively parallel detection of “hits”. 
0532. In a multi-pot Screening assay, a polypeptide or 
nucleic acid, e.g., a ligand, can be introduced into a first 
component, which is introduced into at least a portion of a 
capillary of a capillary array. An air bubble can then be 
introduced into the capillary behind the first component. A 
second component can then be introduced into the capillary, 
wherein the second component is separated from the first 
component by the air bubble. The first and second compo 
nents can then be mixed by applying hydrostatic pressure to 
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both sides of the capillary array to collapse the bubble. The 
capillary array is then monitored for a detectable event 
resulting from reaction or non-reaction of the two compo 
nentS. 

0533. In a binding screening assay, a sample of interest 
can be introduced as a first liquid labeled with a detectable 
particle into a capillary of a capillary array, wherein the 
lumen of the capillary is coated with a binding material for 
binding the detectable particle to the lumen. The first liquid 
may then be removed from the capillary tube, wherein the 
bound detectable particle is maintained within the capillary, 
and a second liquid may be introduced into the capillary 
tube. The capillary is then monitored for a detectable event 
resulting from reaction or non-reaction of the particle with 
the second liquid. 
0534 Arrays, or “Biochips” 
0535 Nucleic acids or polypeptides of the invention can 
be immobilized to or applied to an array. Arrays can be used 
to Screen for or monitor libraries of compositions (e.g., Small 
molecules, antibodies, nucleic acids, etc.) for their ability to 
bind to or modulate the activity of a nucleic acid or a 
polypeptide of the invention. For example, in one aspect of 
the invention, a monitored parameter is transcript expression 
of a gene, e.g., a gene of the invention (a nucleic acid 
encoding a polypeptide of the invention). One or more, or, 
all the transcripts of a cell can be measured by hybridization 
of a sample comprising transcripts of the cell, or, nucleic 
acids representative of or complementary to transcripts of a 
cell, by hybridization to immobilized nucleic acids on an 
array, or “biochip.’ By using an “array' of nucleic acids on 
a microchip, Some or all of the transcripts of a cell can be 
simultaneously quantified. Alternatively, arrays comprising 
genomic nucleic acid can also be used to determine the 
genotype of a newly engineered strain made by the methods 
of the invention. Polypeptide arrays' can also be used to 
simultaneously quantify a plurality of proteins. The present 
invention can be practiced with any known "array,” also 
referred to as a “microarray' or “nucleic acid array' or 
"polypeptide array' or “antibody array' or “biochip,” or 
variation thereof. Arrays are generically a plurality of 
'spots” or “target elements, each target element comprising 
a defined amount of one or more biological molecules, e.g., 
oligonucleotides, immobilized onto a defined area of a 
Substrate Surface for specific binding to a sample molecule, 
e.g., mRNA transcripts. 
0536. In practicing the methods of the invention, any 
known array and/or method of making and using arrays can 
be incorporated in whole or in part, or variations thereof, as 
described, for example, in U.S. Pat. Nos. 6,277.628; 6.277, 
489; 6,261,776; 6,258,606; 6,054,270; 6,048,695; 6,045, 
996; 6,022,963; 6,013,440; 5,965,452; 5,959,098: 5,856, 
174: 5,830,645; 5,770,456; 5,632,957: 5,556,752; 5,143, 
854; 5,807,522; 5,800,992; 5,744,305; 5,700,637; 5,556, 
752; 5.434,049; see also, e.g., WO 99/51773; WO99/09217; 
WO 97/46313; WO 96/17958; see also, e.g., Johnston 
(1998) Curr. Biol. 8:R171-R174: Schummer (1997) Bio 
techniques 23:1087-1092: Kern (1997) Biotechniques 
23:120-124; Solinas-Toldo (1997) Genes, Chromosomes & 
Cancer 20:399-407; Bowtell (1999) Nature Genetics Supp. 
21:25-32. See also published U.S. patent applications Nos. 
20010018642: 20010019827, 20010016322: 20010014449; 
20010014448; 20010012537; 20010008765. 
0537. The terms “array' or “microarray” or “biochip” or 
"chip’ as used herein is a plurality of target elements, each 
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target element comprising a defined amount of one or more 
polypeptides (including antibodies) or nucleic acids immo 
bilized onto a defined area of a substrate surface, as dis 
cussed in further detail, below. 
0538 Antibodies and Antibody-Based Screening Meth 
ods 
0539. The invention provides isolated or recombinant 
antibodies that specifically bind to a polypeptide of the 
invention. These antibodies can be used to isolate, identify 
or quantify a polypeptide of the invention or related 
polypeptides. These antibodies can be used to isolate other 
polypeptides within the scope the invention or other related 
polypeptides. The antibodies can be designed to bind to an 
active site of a polypeptide of the invention. Thus, the 
invention provides methods of inhibiting enzymes using the 
antibodies of the invention (see discussion above). The 
invention provides fragments of the enzymes of the inven 
tion, including immunogenic fragments of a polypeptide of 
the invention. The invention provides compositions com 
prising a polypeptide or peptide of the invention and adju 
vants or carriers and the like. 
0540. The antibodies can be used in immunoprecipita 

tion, staining, immunoaffinity columns, and the like. If 
desired, nucleic acid sequences encoding for specific anti 
gens can be generated by immunization followed by isola 
tion of polypeptide or nucleic acid, amplification or cloning 
and immobilization of polypeptide onto an array of the 
invention. Alternatively, the methods of the invention can be 
used to modify the structure of an antibody produced by a 
cell to be modified, e.g., an antibody's affinity can be 
increased or decreased. Furthermore, the ability to make or 
modify antibodies can be a phenotype engineered into a cell 
by the methods of the invention. 
0541 Methods of immunization, producing and isolating 
antibodies (polyclonal and monoclonal) are known to those 
of skill in the art and described in the scientific and patent 
literature, see, e.g., Coligan, CURRENT PROTOCOLS IN 
IMMUNOLOGY, Wiley/Greene, NY (1991); Stites (eds.) 
BASIC AND CLINICAL IMMUNOLOGY (7th ed.) Lange 
Medical Publications, Los Altos, Calif. (“Stites”); Goding, 
MONOCLONAL ANTIBODIES: PRINCIPLES AND 
PRACTICE (2d ed.) Academic Press, New York, N.Y. 
(1986); Kohler (1975) Nature 256:495; Harlow (1988) 
ANTIBODIES, A LABORATORY MANUAL, Cold Spring 
Harbor Publications, New York. Antibodies also can be 
generated in vitro, e.g., using recombinant antibody binding 
site expressing phage display libraries, in addition to the 
traditional in vivo methods using animals. See, e.g., Hoo 
genboom (1997) Trends Biotechnol. 15:62-70; Katz (1997) 
Annu. Rev. Biophys. Biomol. Struct. 26:27-45. 
0542. The polypeptides of the invention or fragments 
comprising at least about 5, 10, 15, 20, 25, 30, 35, 40, 50. 
75, 100, or 150 or more consecutive amino acids thereof, 
may also be used to generate antibodies which bind specifi 
cally to the polypeptides or fragments. The resulting anti 
bodies may be used in immunoaffinity chromatography 
procedures to isolate or purify the polypeptide or to deter 
mine whether the polypeptide is present in a biological 
sample. In Such procedures, a protein preparation, such as an 
extract, or a biological sample is contacted with an antibody 
capable of specifically binding to one of the polypeptides of 
the invention, or fragments comprising at least about 5, 10. 
15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 or more 
consecutive amino acids thereof. 
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0543. In immunoaffinity procedures, the antibody is 
attached to a solid Support, such as a bead or other column 
matrix. The protein preparation is placed in contact with the 
antibody under conditions in which the antibody specifically 
binds to one of the polypeptides of the invention, or frag 
ment thereof. After a wash to remove non-specifically bound 
proteins, the specifically bound polypeptides are eluted. 
0544 The ability of proteins in a biological sample to 
bind to the antibody may be determined using any of a 
variety of procedures familiar to those skilled in the art. For 
example, binding may be determined by labeling the anti 
body with a detectable label Such as a fluorescent agent, an 
enzymatic label, or a radioisotope. Alternatively, binding of 
the antibody to the sample may be detected using a second 
ary antibody having such a detectable label thereon. Par 
ticular assays include ELISA assays, Sandwich assays, radio 
immunoassays and Western Blots. 
0545 Polyclonal antibodies generated against the 
polypeptides of the invention, or fragments comprising at 
least about 5, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 
or more consecutive amino acids thereof can be obtained by 
direct injection of the polypeptides into an animal or by 
administering the polypeptides to an animal, for example, a 
nonhuman. The antibody so obtained will then bind the 
polypeptide itself. In this manner, even a sequence encoding 
only a fragment of the polypeptide can be used to generate 
antibodies which may bind to the whole native polypeptide. 
Such antibodies can then be used to isolate the polypeptide 
from cells expressing that polypeptide. 
0546 For preparation of monoclonal antibodies, any 
technique which provides antibodies produced by continu 
ous cell line cultures can be used. Examples include the 
hybridoma technique (Kohler and Milstein, Nature, 256: 
495-497, 1975), the trioma technique, the human B-cell 
hybridoma technique (KOZbor et al., Immunology Today 
4:72, 1983) and the EBV-hybridoma technique (Cole, et al., 
1985, in Monoclonal Antibodies and Cancer Therapy, Alan 
R. Liss, Inc., pp. 77-96). 
0547 Techniques described for the production of single 
chain antibodies (U.S. Pat. No. 4,946,778) can be adapted to 
produce single chain antibodies to the polypeptides of the 
invention, or fragments comprising at least about 5, 10, 15. 
20, 25, 30, 35, 40, 50, 75, 100, or 150 consecutive amino 
acids thereof. Alternatively, transgenic mice may be used to 
express humanized antibodies to these polypeptides or frag 
ments thereof. 
0548 Antibodies generated against the polypeptides of 
the invention, or fragments comprising at least about 5, 10. 
15, 20, 25, 30, 35, 40, 50, 75, 100, or 150 or more 
consecutive amino acids thereof may be used in Screening 
for similar polypeptides from other organisms and samples. 
In such techniques, polypeptides from the organism are 
contacted with the antibody and those polypeptides which 
specifically bind the antibody are detected. Any of the 
procedures described above may be used to detect antibody 
binding. One Such screening assay is described in "Methods 
for Measuring Cellulase Activities’. Methods in Enzymol 
ogy, Vol 160, pp. 87-116. 
0549. The term “antibody' includes a peptide or polypep 
tide derived from, modeled after or substantially encoded by 
an immunoglobulin gene or immunoglobulin genes, or frag 
ments thereof, capable of specifically binding an antigen or 
epitope, see, e.g. Fundamental Immunology, Third Edition, 
W. E. Paul, ed., Raven Press, N.Y. (1993); Wilson (1994) J. 
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Immunol. Methods 175:267-273; Yarmush (1992) J. Bio 
chem. Biophys. Methods 25:85-97. The term antibody 
includes antigen-binding portions, i.e., “antigen binding 
sites.” (e.g., fragments, Subsequences, complementarity 
determining regions (CDRS)) that retain capacity to bind 
antigen, including (i) a Fab fragment, a monovalent frag 
ment consisting of the VL, VH, CL and CH1 domains; (ii) 
a F(ab')2 fragment, a bivalent fragment comprising two Fab 
fragments linked by a disulfide bridge at the hinge region; 
(iii) a Fd fragment consisting of the VH and CH1 domains: 
(iv) a Fv fragment consisting of the VL and VH domains of 
a single arm of an antibody, (v) a dAb fragment (Ward et al., 
(1989) Nature 341:544-546), which consists of a VH 
domain; and (vi) an isolated complementarity determining 
region (CDR). Single chain antibodies are also included by 
reference in the term “antibody.” 

Kits 

0550 The invention provides kits comprising the com 
positions, e.g., nucleic acids, expression cassettes, vectors, 
cells, transgenic seeds or plants or plant parts, polypeptides 
(e.g., enzymes involved in chlorophyll catabolism or having 
an esterase (e.g., chlorophyllase) activity) and/or antibodies 
of the invention. The kits also can contain instructional 
material teaching the methodologies and industrial uses of 
the invention, as described herein. In one aspect, the kits are 
designed to accommodate industrial scale levels of process 
ing, e.g., of foods, feeds, oils and the like. 

Whole Cell Engineering and Measuring Metabolic Param 
eters 

0551. The methods of the invention provide whole cell 
evolution, or whole cell engineering, of a cell to develop a 
new cell strain having a new phenotype, e.g., a modified 
chlorophyll catabolism pathway, or, a new or modified 
enzyme (e.g., chlorophyllase) activity, by modifying the 
genetic composition of the cell. The genetic composition can 
be modified by addition to the cell of a nucleic acid of the 
invention, e.g., a coding sequence for an enzyme of the 
invention. See, e.g., WO0229032: WO0196551. 
0552. To detect the new phenotype, at least one metabolic 
parameter of a modified cell is monitored in the cell in a 
“real time' or “on-line' time frame. In one aspect, a plurality 
of cells, such as a cell culture, is monitored in “real time” or 
"on-line.” In one aspect, a plurality of metabolic parameters 
is monitored in “real time' or “on-line.” Metabolic param 
eters can be monitored using an enzyme of the invention. 
0553 Metabolic flux analysis (MFA) is based on a known 
biochemistry framework. A linearly independent metabolic 
matrix is constructed based on the law of mass conservation 
and on the pseudo-steady state hypothesis (PSSH) on the 
intracellular metabolites. In practicing the methods of the 
invention, metabolic networks are established, including 
the: 

0554 identity of all pathway substrates, products and 
intermediary metabolites 
0555 identity of all the chemical reactions interconvert 
ing the pathway metabolites, the Stoichiometry of the path 
way reactions, 
0556) identity of all the enzymes catalyzing the reactions, 
the enzyme reaction kinetics, 
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0557 the regulatory interactions between pathway com 
ponents, e.g. allosteric interactions, enzyme-enzyme inter 
actions etc. 
0558 intracellular compartmentalization of enzymes or 
any other Supramolecular organization of the enzymes, and, 
0559 the presence of any concentration gradients of 
metabolites, enzymes or effector molecules or diffusion 
barriers to their movement. 
0560. Once the metabolic network for a given strain is 
built, mathematic presentation by matrix notion can be 
introduced to estimate the intracellular metabolic fluxes if 
the on-line metabolome data is available. Metabolic pheno 
type relies on the changes of the whole metabolic network 
within a cell. Metabolic phenotype relies on the change of 
pathway utilization with respect to environmental condi 
tions, genetic regulation, developmental state and the geno 
type, etc. In one aspect of the methods of the invention, after 
the on-line MFA calculation, the dynamic behavior of the 
cells, their phenotype and other properties are analyzed by 
investigating the pathway utilization. For example, if the 
glucose Supply is increased and the oxygen decreased during 
the yeast fermentation, the utilization of respiratory path 
ways will be reduced and/or stopped, and the utilization of 
the fermentative pathways will dominate. Control of physi 
ological state of cell cultures will become possible after the 
pathway analysis. The methods of the invention can help 
determine how to manipulate the fermentation by determin 
ing how to change the Substrate Supply, temperature, use of 
inducers, etc. to control the physiological state of cells to 
move along desirable direction. In practicing the methods of 
the invention, the MFA results can also be compared with 
transcriptome and proteome data to design experiments and 
protocols for metabolic engineering or gene shuffling, etc. 
0561. In practicing the methods of the invention, any 
modified or new phenotype can be conferred and detected, 
including new or improved characteristics in the cell. Any 
aspect of metabolism or growth can be monitored. 
0562 Monitoring Expression of an mRNA Transcript 
0563. In one aspect of the invention, the engineered 
phenotype comprises increasing or decreasing the expres 
sion of an mRNA transcript (e.g., a message for a polypep 
tide involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity) or generating new transcripts 
in a cell. This increased or decreased expression can be 
traced by testing for the presence of an enzyme of the 
invention or by enzyme activity assayS. mRNA transcripts, 
or messages, also can be detected and quantified by any 
method known in the art, including, e.g., Northern blots, 
quantitative amplification reactions, hybridization to arrays, 
and the like. Quantitative amplification reactions include, 
e.g., quantitative PCR, including, e.g., quantitative reverse 
transcription polymerase chain reaction, or RT-PCR; quan 
titative real time RT-PCR, or “real-time kinetic RT-PCR 
(see, e.g., Kreuzer (2001) Br. J. Haematol. 114:313-318; Xia 
(2001) Transplantation 72:907-914). 
0564. In one aspect of the invention, the engineered 
phenotype is generated by knocking out expression of a 
homologous gene. The gene’s coding sequence or one or 
more transcriptional control elements can be knocked out, 
e.g., promoters or enhancers. Thus, the expression of a 
transcript can be completely ablated or only decreased. 
0565. In one aspect of the invention, the engineered 
phenotype comprises increasing the expression of a homolo 
gous gene. This can be effected by knocking out of a 
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negative control element, including a transcriptional regu 
latory element acting in cis- or trans-, or, mutagenizing a 
positive control element. One or more, or, all the transcripts 
of a cell can be measured by hybridization of a sample 
comprising transcripts of the cell, or, nucleic acids repre 
sentative of or complementary to transcripts of a cell, by 
hybridization to immobilized nucleic acids on an array. 
0566 Monitoring Expression of a Polypeptides, Peptides 
and Amino Acids 

0567. In one aspect of the invention, the engineered 
phenotype comprises increasing or decreasing the expres 
sion of a polypeptide (e.g., a polypeptide involved in chlo 
rophyll catabolism or having an esterase (e.g., chlorophyl 
lase) activity) or generating new polypeptides in a cell. This 
increased or decreased expression can be traced by deter 
mining the amount of enzyme present or by activity assays. 
Polypeptides, peptides and amino acids also can be detected 
and quantified by any method known in the art, including, 
e.g., nuclear magnetic resonance (NMR), spectrophotom 
etry, radiography (protein radiolabeling), electrophoresis, 
capillary electrophoresis, high performance liquid chroma 
tography (HPLC), thin layer chromatography (TLC), hyper 
diffusion chromatography, various immunological methods, 
e.g. immunoprecipitation, immunodiffusion, immuno-elec 
trophoresis, radioimmunoassays (RIAS), enzyme-linked 
immunosorbent assays (ELISAS), immuno-fluorescent 
assays, gel electrophoresis (e.g., SDS-PAGE), staining with 
antibodies, fluorescent activated cell sorter (FACS), pyroly 
sis mass spectrometry, Fourier-Transform Infrared Spec 
trometry, Raman spectrometry, GC-MS, and LC-Electro 
spray and cap-LC-tandem-electrospray mass spectrometries, 
and the like. Novel bioactivities can also be screened using 
methods, or variations thereof, described in U.S. Pat. No. 
6,057,103. Furthermore, as discussed below in detail, one or 
more, or, all the polypeptides of a cell can be measured using 
a protein array. 

Enzymes 

0568. The invention provides novel compositions and 
methods for enzymatically treating, e.g., decoloring or 
"bleaching,' algal, animal (e.g., fish) and/or plant prepara 
tions, feeds, foods or oils comprising chlorophyll (the chlo 
rophyll can be in the preparations, feeds, foods or oils 
naturally, as a contaminant, as an undesired composition in 
a processed product, etc). In one aspect, chlorophyll-con 
taining or chlorophyll-contaminated compositions, e.g., 
algal, animal or plant preparations, feeds, foods or oils are 
enzymatically treated using a chlorophyllase or equivalent 
enzyme. Any polypeptide having an activity that can modify 
a chlorophyll or chlorophyll metabolite, can be used in a 
composition or method of the invention. 
0569 
0570. The polypeptides and/or peptides of the invention 
can have esterase activity, e.g., a chlorophyllase or a similar 
activity. The polypeptides and/or peptides of the invention 
can include catalytic antibodies, enzymes, active sites, and 
the like. These polypeptides and/or peptides of the invention 
having esterase (e.g., chlorophyllase) activity can be used in 
compositions or methods of the invention. For example, in 
one aspect, compositions and methods of the invention 
enzymatically treat chlorophyll-containing or chlorophyll 
contaminated compositions by hydrolyzing chlorophyll 
(FIG. 1A) to phytol (FIG. 1B) and chlorophyllide (FIG. 1C). 
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0571 Any chlorophylase, chlase or chlorophyll chloro 
phyllido-hydrolyase or polypeptide having a similar activity 
(e.g., chlorophyll-chlorophyllido hydrolase 1 or chlase 1, or, 
chlorophyll-chlorophyllidohydrolase 2 or chlase 2, see, e.g., 
NCBI P59677-1 and P59678, respectively) can be used in a 
composition or method of the invention. Any polypeptide 
(e.g., enzyme or catalytic antibody) that catalyses the 
hydrolysis of a chlorophyll ester bond to yield chlorophyl 
lide and phytol can be used in a composition or method of 
the invention. Any isolated, recombinant or synthetic or 
chimeric (a combination of synthetic and recombinant) 
polypeptide (e.g., enzyme or catalytic antibody) can be used, 
e.g., a chlorophyllase, chlase or chlorophyll chlorophyllido 
hydrolyase or polypeptide having a similar activity can be 
used in a composition or method of the invention, see, e.g., 
Marchler-Bauer (2003) Nucleic Acids Res. 31: 383-387. 
0572. In one aspect, the compositions and methods of the 
invention can be practiced with enzymes as described in WO 
0229022. For example, in one aspect, the compositions and 
methods of the invention can comprise recombinant expres 
sion of enzymes, e.g., chlorophyllases, such as chlorophyl 
lase-encoding polynucleotides. In one aspect, recombinant 
nucleic acid is expressed in whole cells, cell extracts or in 
vitro. In one aspect, the enzyme-encoding polynucleotide is 
modified to result in production of altered levels of enzyme 
(e.g., chlorophyllase) in a transformed host cell. 
0573. In one aspect, the compositions and methods of the 
invention can be practiced with known enzymes, such as 
chlorophylases (including chlases and chlorophyll chloro 
phyllido-hydrolyases) and related polypeptides are well 
known in the art. For example, the Arabidopsis thaliana 
chlorophylase can be used as described, e.g., in NCBI entry 
NM 123753 (where the enzyme having a sequence as set 
forth in SEQID NO:22 is encoded, e.g., by SEQID NO:21): 

SEO ID NO:21 
AAAAAAAGTAAAGAAAAGAAAAACTAATAAAGAACAAAAAAAATGTCCTC 

TTCTTCATCAAGAAACGCCTTTGAAGATGGCAAATACAAATCAAATCTCT 

TAACCTTGGACTCATCATCTCGTTGCTGCAAAATAACACCGTCTTCTAGA 

GCTTCACCGTCTCCGCCAAAGCAGCTGTTGGTGGCTACGCCGGTGGAGGA 

AGGAGATTATCCGGTGGTGATGCTCCTCCATGGTTACCTTCTCTACAACT 

CCTTCTATTC, TCAGCTTATGTTGCATGTCTCTTC TCATGGCTTCATCOTC 

ATCGCTCCTCAGTTATATAGTATCGCCGGACCAGACACAATGGATGAGAT 

TAAATCAACGGCGGAGATTATGGATTGGTTATCAGTAGGACTTAATCACT 

TTCTTCCAGCGCAAGTAACACCAAACCTATCCAAATTTGCCCTCTCCGGC 

CATAGCCGCGGTGGCAAAACCGCGTTTGCGGTCGCCTTAAAGAAATTTGG 

GTACTCCTCGAATCTAAAGATCTCGACATTGATCGGTATAGATCCAGTCG 

ATGGAACAGGGAAAGGGAAACAAACCCCTCCTCCGGTGTTGGCTTACCTT 

CCAAACTCATTTGACCTAGACAAAACGCCTATACTTGTGATCGGTTCGGG 

GCTTGGTGAAACCGCTCGGAACCCATTATTCCCACCGTGTGCACCTCCCG 

GAGTGAATCACCGAGAGTTCTTTCGGGAATGTCAAGGTCCAGCATGGCAT 

TTCGTTGCGAAGGATTATGGGCATTTGGACATGCTTGATGATGATACAAA 

AGGGATTAGAGGGAAGAGTTCTTATTGTTTGTGTAAGAATGGTGAAGAGA 
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0576. The Citrus sinensis chlorophylase can be used as 
described, e.g., in NCBI entry Q9MV14: 

SEO ID NO : 27 
MAAMVDAKPAASVOGTPLLATATLPWFTRGIYSTKRITLETSSPSSPPPP 

KPLIIVTPAGKGTFNVILFLHGTSLSNKSYSKIFDHIASHGFIVWAPOLY 

TSIPPPSATNELNSAAEVAEWLPOGLOONLPENTEANVSLVAVMGHSRGG 

OTAFALSLRYGFGAVIGLDPVAGTSKTTGLDPSILSFDSFDFSIPWTWIG 

TGLGGWARCITACAPEGANHEEFFNRCKNSSRAHFWATDYGHMDILDDNP 

SDWKSWALSKYFCKNGNESRDPMRRCVSGIV VAFLKDFFYGDAEDFROIL 

KDPSFAPIKLDSWEYIDASSMLTTTHWKW 

0577 
0578 Enzymes used in the methods of the invention can 
be formulated or modified, e.g., chemically modified, e.g., to 
enhance oil solubility, stability, activity or for immobiliza 
tion. For example, enzymes used in the methods of the 
invention can be formulated to be amphipathic or more 
lipophilic. For example, enzymes used in the methods of the 
invention can be encapsulated, e.g., in liposomes or gels, 
e.g., alginate hydrogels or alginate beads or equivalents. 
Enzymes used in the methods of the invention can be 
formulated in micellar systems, e.g., a ternary micellar 
(TMS) or reverse micellar system (RMS) medium. Enzymes 
used in the methods of the invention can be formulated as 
described in Yi (2002) J. of Molecular Catalysis B: Enzy 
matic, Vol. 19, No. 0, pgs 319-325. For example, amphip 
athic enzyme, e.g., chlorophyllase, in the form of a ternary 
micellar (TMS) or reverse micellar system (RMS) medium 
can be encapsulated in alginate hydrogels. In one aspect, an 
enzyme, e.g., a chlorophyllase, is prepared in aqueous buffer 
and retained in a hydrogel, e.g., TMS/alginate and RMS/ 
alginate. One approach to encapsulating enzyme, e.g., chlo 
rophyllase, can be emulsification and/or internal gelation of 
the enzyme-TMS or -RMS system. 
0579. The enzymatic reactions of the methods of the 
invention can be done in vitro, including, e.g. capillary 
arrays, as discussed below, or, in whole cell systems. In one 
aspect, enzyme reactions of the methods of the invention are 
done in one reaction vessel or multiple vessels. In one 
aspect, the enzymatic reactions of the methods of the inven 
tion are done in a vegetable oil refining apparatus. 
0580. The compositions and methods of the invention 
can be practiced with immobilized enzymes, e.g., immobi 
lized chlorophylase. The enzyme can be immobilized on 
any organic or inorganic Support. Exemplary inorganic 
Supports include alumina, celite, DoweX-1-chloride, glass 
beads and silica gel. Exemplary organic Supports include 
alginate hydrogels or alginate beads or equivalents. 
0581. In various aspects of the invention, immobilization 
of chlorophyllase can be optimized by physical adsorption 
on various inorganic Supports, including alumina, celite, 
DoweX-1-chloride, glass beads and silica gel. Enzymes used 
to practice the invention can be immobilized in different 
media, including water, Tris-HCl buffer solution and a 
ternary micellar system containing Tris-HCl buffer solution, 
hexane and surfactant. The highest immobilization effi 
ciency (84.56%) and specific activity (0.34 mmol hydro 
lyzed chlorophyll mg protein-1 per min) were obtained 
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when chlorophyllase was suspended in Tris-HCl buffer 
Solution and adsorbed onto Silica gel. 

Industrial and Medical Applications 

0582 The polypeptides, e.g., enzymes of the invention 
involved in chlorophyll catabolism or having an esterase 
(e.g., chlorophyllase) activity, can be used in a variety of 
medical and industrial applications, as described herein. The 
compositions and methods of the invention can be used in 
conjunction with any industrial use or pharmaceutical or 
medical application for the treatment of chlorophyll-con 
taining materials, e.g., vegetable preparations, oil-compris 
ing materials. For example, the compositions and methods 
of the invention can be used with processes for converting 
a non-hydratable phospholipid to a hydratable form, oil 
degumming, processing of oils from plants, fish, algae and 
the like, to name just a few applications. For example, the 
methods of the invention can be used with the processing of 
fats and oils as described, e.g., in JP Patent Application 
Publication H6-306386, describing converting phospholip 
ids present in the oils and fats into water-soluble Substances 
containing phosphoric acid groups. 
0583. The compositions and methods of the invention 
can be used in conjunction with methods for processing 
plant oils, such as those derived from or isolated from rice 
bran, Soy, canola, palm, cottonseed, corn, palm kernel, 
coconut, peanut, Sesame, Sunflower. The compositions and 
methods of the invention can be used in conjunction with 
methods for processing essential oils, e.g., those from fruit 
seed oils, e.g., grapeseed, apricot, borage, etc. The compo 
sitions and methods of the invention can be used in con 
junction with methods for processing oils and phospholipids 
in different forms, including crude forms, degummed, gums, 
wash water, clay, silica, Soapstock, and the like. The com 
positions and methods of the invention can be used in 
conjunction with methods for processing high phosphorous 
oils (e.g., a soybean oil), fish oils, animal oils, plant oils, 
algae oils and the like. 
0584) The compositions and methods of the invention 
can be used in conjunction with methods for processing and 
making edible oils, biodiesel oils, liposomes for pharma 
ceuticals and cosmetics, structured phospholipids and struc 
tured lipids. The compositions and methods of the invention 
can be used in conjunction with methods for oil extraction. 
The compositions and methods of the invention can be used 
in conjunction with methods for making various Soaps. 
0585. The methods can further comprise modifying pH 
(e.g., increasing pH) to promote aqueous separation of 
chlorophyllide. Thus, the compositions and methods of the 
invention can also comprise a caustic neutralization pro 
cesses, e.g., with caustic-neutralized pH conditions. In one 
aspect, the compositions and methods of the invention 
comprise a neutralization step, e.g., in treating “chemically 
refined oils', e.g., using chlorophylases and/or in the sepa 
ration chlorophyllide. The compositions and methods of the 
invention can comprise modifying pH to promote aqueous 
separation of chlorophyllide. 
0586. In one aspect, the compositions and methods of the 
invention comprise use of adsorbent-free or reduced adsor 
bent silica refining devices and processes, which are known 
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in the art, e.g., using TriSyl Silica Refining Processes (Grace 
Davison, Columbia, Md.), or, SORBSIL RTM silicas (INEOS 
Silicas, Joliet, Ill.). 

Enzymatic Treatment, or “Bleaching or Decoloring Pro 
CSSS 

0587. The invention provides novel compositions and 
methods for enzymatically treating, e.g., decoloring or 
"bleaching,' algal, animal (e.g., fish) and/or plant prepara 
tions, feeds, foods or oils, as illustrated in FIGS. 8 to 16. In 
one aspect, chlorophyll-containing or chlorophyll-contami 
nated foods or oils are treated. For example, in alternative 
aspects, vegetable oils, including oils processed from oil 
seeds, such as canola (rapeseed) oil or soybean oil, or oil 
fruits, such as palm oil, are processes using the compositions 
and/or methods of the invention. 
0588. At least one step in this exemplary method involves 
use of an enzyme, e.g., a chlorophyllase enzyme that can 
hydrolyze chlorophyll to phytol and chlorophyllide. In alter 
native aspects, one, several or all steps use an enzyme. The 
reaction can be in vitro or in vivo. 
0589 FIG. 8 illustrates the reaction of an exemplary 
esterase of the invention in chlorophyll degradation—the 
chlorophylase (chlase) catalyzes hydrolysis of an ester bond 
in chlorophyll to yield chlorophyllide and phytol, where the 
chlorophyllide enters the aqueous phase due to a hydrophilic 
porphyrin ring, and the phytol separates into an oil (hydro 
phobic) phase. In one aspect of a process of the invention the 
hydrophilic porphyrin ring is separated with gum/water 
fraction using any one of the many well-known methods. 
0590 FIG. 9 illustrates and compares traditional versus 
an exemplary enzymatic decoloring (bleaching) process of 
the invention, where the enzymatic bleaching process can 
incorporate an esterase of the invention. In the traditional 
method crude vegetable oil is degummed, (optionally, caus 
tic neutralized), bleached using, e.g., clay adsorption with 
Subsequent clay disposal, and deodorization to produce 
“refined, bleached and deodorized' or RBD oil. In this 
exemplary enzymatic bleaching process of the invention, the 
crude vegetable oil is degummed, (optionally, caustic neu 
tralized), bleached using, e.g., a polypeptide of the inven 
tion, such as a chlorophyllase of the invention, with Subse 
quent aqueous separation of the chlorophyllide, followed by 
deodorization to produce a “refined, bleached and deodor 
ized' or RBD oil. The need for the degumming depends on 
phosphorus content and other factors (all known in the art). 
Soy and canola are typically degummed. 
0591 FIG. 10 illustrates an exemplary enzymatic decol 
oring (bleaching) process of the invention—a combined 
degumming-bleaching ("decoloring) process. In this exem 
plary enzymatic bleaching process of the invention, the 
crude vegetable oil is degummed and enzymatically 
bleached using a polypeptide of the invention, Such as an 
esterase, e.g., a chlorophylase, of the invention in one step, 
or “one pot.” The degumming can be a “traditional' or an 
enzymatic degumming, e.g., involving phospholipid(s) and/ 
or hydrolysis. In one aspect, the exemplary process of the 
invention comprises a Subsequent aqueous separation step to 
remove the reaction product chlorophyllide, gum and/or 
Soap. In one aspect, this is followed by deodorization to 
produce a “refined, bleached and deodorized' or RBD oil. 
0592 FIG. 11 illustrates an exemplary enzymatic decol 
oring (bleaching) process of the invention that combines 
degumming, enzymatic bleaching ("decoloring) and caus 
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tic neutralization steps. In this exemplary enzymatic bleach 
ing process of the invention, the crude vegetable oil is 
degummed, neutralized and enzymatically bleached using a 
polypeptide of the invention, such as an esterase, e.g., a 
chlorophylase, of the invention in one step, or “one pot.” 
The degumming can be a “traditional' or an enzymatic 
degumming, e.g., involving phospholipid(s) and/or hydroly 
sis. In one aspect, the exemplary process of the invention 
comprises a Subsequent aqueous separation step to remove 
the reaction product chlorophyllide, gum and/or soap. 
0593 FIG. 12 illustrates an exemplary enzymatic decol 
oring (bleaching) process of the invention that comprises 
application of a polypeptide of the invention, Such as an 
esterase, e.g., a chlorophyllase to an oilseed preparation, 
followed by a Subsequent aqueous separation step (to 
remove, e.g., the reaction product chlorophyllide, or gums 
and/or soaps), followed by the processes illustrated in FIG. 
9, 10, or 11. 
0594 FIG. 13 illustrates a general oilseed refining 
scheme comprising extraction, refining and modification of 
an oilseed, where in addition to a polypeptide of the inven 
tion, such as an esterase, e.g., a chlorophyllase to an oilseed 
in one or several or all of these steps, other polypeptides 
and/or chemicals are also added, e.g., cellulase, hemicellu 
lase, protease, pectinase, phospholipase A, B, C and/or D, 
esterase (e.g., a selective esterase), a lipase (e.g., 1.3 lipase), 
a selective lipase, a known chlorophyllase or other enzyme 
involved in chlorophyll catabolism, and the like. 
0595 FIG. 14 illustrates an exemplary industrial process 
of the invention—a biodegumming process, comprising use 
of a phospholipase A and at least one polypeptide of the 
invention having chlorophylase enzyme activity. The at 
least one polypeptide of the invention having chlorophyllase 
activity can be added to one or several or all of the following 
steps: added to the crude oil, in the degumming process or 
in the degummed oil, a storage or holding tank, with the 
phospholipase A (e.g., in “the day tank” of the figure) and/or 
the caustic tank. 
0596 FIG. 15 illustrates another exemplary industrial 
process of the invention comprising use of at least one 
polypeptide of the invention having chlorophyllase enzyme 
activity. The at least one polypeptide of the invention having 
chlorophylase activity can be added to one or several or all 
of the following steps: added to the crude oil, in the 
degumming process or in the degummed oil, a storage or 
holding tank, a caustic tank and/or a retention mixer. 
0597 FIG. 16 illustrates another exemplary industrial 
process of the invention comprising use of at least one 
polypeptide of the invention having chlorophyllase enzyme 
activity. In this exemplary process, phospholipase C (PLC) 
is added into the degumming process or in the degummed oil 
with the chlorophyllase enzyme of the invention. The at least 
one polypeptide of the invention having chlorophyllase 
activity can be added to one or several or all of the following 
steps: added to the crude oil, in the degumming process or 
in the degummed oil (with a PLC), a storage or holding tank, 
a caustic tank and/or a retention mixer. 
0598. Oil Degumming and Vegetable Oil Processing 
0599. The compositions and methods of the invention 
can be used in various Vegetable oil processing steps, such 
as in vegetable oil extraction, particularly, in the removal of 
“phospholipid gums' in a process called “oil degumming.'. 
0600 The compositions and methods of the invention 
can be used in methods for processing vegetable oils from 
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various sources, such as rice bran, soybeans, rapeseed, 
peanuts and other nuts, sesame, Sunflower, palm and corn. 
The methods can used in conjunction with processes based 
on extraction with as hexane, with Subsequent refining of the 
crude extracts to edible oils. The first step in the refining 
sequence is the so-called "degumming process, which 
serves to separate phosphatides by the addition of water. The 
material precipitated by degumming is separated and further 
processed to mixtures of lecithins. The commercial lecithins, 
Such as Soybean lecithin and Sunflower lecithin, are semi 
solid or very viscous materials. They consist of a mixture of 
polar lipids, mainly phospholipids, and oil, mainly triglyc 
erides. The compositions and methods of the invention can 
be used before or after any step in a process, or before or 
after any combination of steps, or before or after all of the 
steps, in a process, e.g., prior to, during or following 
mechanical and/or chemical extraction, degumming and/or 
bleaching and the like. 
0601 The compositions and methods of the invention 
can be used in (i.e., in conjunction with) any "degumming 
procedure, including water degumming, ALCON oil degum 
ming (e.g., for soybeans), Safinco degumming, 'Super 
degumming.” UF degumming, TOP degumming, uni-de 
gumming, dry degumming and ENZYMAXTM degumming. 
See, e.g., U.S. Pat. Nos. 6,355,693: 6,162,623: 6,103,505; 
6,001,640; 5,558,781; 5.264,367. Compositions and meth 
ods of the invention can be used in any oil processing 
method, e.g., degumming or equivalent processes. For 
example, compositions and methods of the invention can be 
used in processes as described in U.S. Pat. Nos. 5,558,781; 
5,288,619; 5,264,367; 6,001,640; 6,376,689; WO 0229022: 
oil degumming as described, e.g., in WO 98/18912; pro 
cesses as described in JP Application No.: H5-132283 (filed 
Apr. 25, 1993); EP Application number: 82870032.8, and the 
like. Various "degumming procedures incorporated by the 
methods of the invention are described in Bockisch, M. 
(1998) In Fats and Oils Handbook, The extraction of Veg 
etable Oils (Chapter 5), 345-445, AOCS Press, Champaign, 
Ill. The compositions and methods of the invention can be 
used in the industrial application of enzymatic degumming 
of triglyceride oils as described, e.g., in EP 513 709. 
0602. In one aspect, compositions and methods of the 
invention are used to treat vegetable oils, e.g., crude oils, 
Such as rice bran, Soy, canola, flower and the like. In one 
aspect, this improves the efficiency of the degumming 
process. In one aspect the methods of the invention result in 
the improved separation of chlorophyll from the oil phase, 
e.g., during centrifugation. The improved separation of these 
phases can result in more efficient removal of chlorophylls 
from the oil, including both hydratable and nonhydratable 
oils. 

0603 The compositions and methods of the invention 
can be used in the industrial application of enzymatic 
degumming as described, e.g., in CA 1102795, which 
describes a method of isolating polar lipids from cereal 
lipids by the addition of at least 50% by weight of water. 
This method is a modified degumming in the sense that it 
utilizes the principle of adding water to a crude oil mixture. 
0604. In one aspect, the invention provides enzymatic 
processes comprising use of compositions and methods of 
the invention comprising hydrolysis of hydrated phospho 
lipids in oil at a temperature of about 20° C. to 40°C., at an 
alkaline pH, e.g., a pH of about pH 8 to pH 10, using a 
reaction time of about 3 to 10 minutes. 
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0605. In various exemplary processes of the invention, a 
number of distinct steps comprise the degumming process 
preceding the core bleaching and deodorization refining 
processes. These steps include heating, mixing, holding, 
separating and drying. Following the heating step, water and 
often acid are added and mixed to allow the insoluble 
phospholipid “gum' to agglomerate into particles which 
may be separated. While water separates many of the 
phosphatides in degumming, portions of the phospholipids 
are non-hydratable phosphatides (NHPs) present as calcium 
or magnesium salts. Degumming processes address these 
NHPs by the addition of acid. Following the hydration of 
phospholipids, the oil is mixed, held and separated by 
centrifugation. Finally, the oil is dried and stored, shipped or 
refined. The resulting gums are either processed further for 
lecithin products or added back into the meal. As noted 
above, the compositions and methods of the invention can be 
used before or after any of these steps, or before or after any 
combination of steps, or before or after all of the steps, in 
any processing method. 
0606. Upon completion of an enzyme treatment of the 
invention, the treated liquid (e.g., oil) is separated with an 
appropriate means such as a centrifugal separator and the 
processed oil is obtained. In one aspect, compounds pro 
duced by enzyme modification of chlorophyll are partially or 
completely transferred into the aqueous phase and removed 
from the oil phase. Upon completion of the enzyme treat 
ment, if necessary, the processed oil can be additionally 
washed with water or organic or inorganic acid such as, e.g., 
acetic acid, phosphoric acid, Succinic acid, and the like, or 
with salt solutions. 

0607. In one exemplary process for ultra-filtration 
degumming, an enzyme used in a method of the invention is 
bound to a filter or the enzyme is added to an oil prior to 
filtration. Enzymes used in compositions or methods of the 
invention can be immobilized to any Substrate, e.g., filters, 
fibers, columns, beads, colloids, gels, hydrogels, meshes and 
the like. 

0608 Compositions and methods of the invention can be 
used to improve oil extraction, oil degumming and caustic 
neutralization (e.g., vegetable oils). In one aspect, a com 
position or method of the invention and at least one plant cell 
wall degrader (e.g., a cellulase, a hemicellulase or the like, 
to soften walls and increase yield at extraction) is used in a 
process of the invention. In an exemplary method, to 
improve oil extraction and oil degumming, a phospholipase, 
e.g., a phospholipase C, or another hydrolase (e.g., a cellu 
lase, a hemicellulase, an esterase, a protease and/or a phos 
phatase) is used. For example, in one aspect, during a 
crushing step associated with oil production (including but 
not limited to soybean, canola, Sunflower, rice bran oil) a 
phospholipase or other enzyme can be used. By using 
enzymes prior to or in place of Solvent extraction, it is 
possible to increase oil yield and reduce the amount of 
hydratable and non-hydratable phospholipids in the crude 
oil. The overall reduction of phospholipids in the crude oil 
will result in improved yields during refining with the 
potential for eliminating the requirement for a separate 
degumming step prior to bleaching and deodorization. 
0609 Compositions and methods of the invention also 
can be practiced using processes as described in U.S. Pat. 
No. 5,414,100. For example, in one aspect, the methods or 
compositions further comprise chromatographic processes 
for deacidification of vegetable oils at ambient temperature. 
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These processes can be retrofitted into deacidification opera 
tions using miscella refining or solvent extraction, crude 
vegetable oil is dissolved in a solvent Such as isopropyl 
alcohol and passed through a column of activated alumina 
(aluminum oxide) at room temperature. The process, which 
eliminates physical contact between both oil and an alkaline 
reagent and oil and water, simplifies Subsequent bleaching 
processes by also removing some color pigments. The spent 
alumina can be reactivated by washing it with a dilute 
Solution of Sodium hydroxide or potassium hydroxide. 
0610 Compositions and methods of the invention also 
can be practiced using processes as described in 
JP57156482, 1982 (application no. JP19810040794 
19810320), describing refining vegetable fats or oils as 
by-products. 
0611 Compositions and methods of the invention also 
can be practiced using processes as described in U.S. Pat. 
No. 5,315,021. For example, in one aspect, the methods or 
compositions of the invention can be practiced with pro 
cesses for removing chlorophyll color impurities from Veg 
etable oils. The processes can comprise dispersing a source 
of phosphoric acid in vegetable oil to form a mixture having 
a moisture content of less than 0.1% by weight which 
mixture is maintained at a temperature in the range of 70° C. 
to 160° C. until a precipitate containing chlorophyll color 
impurities is formed. This can be followed separating the 
precipitated material from the oil to remove the chlorophyll 
color impurities with the precipitated material, e.g., during 
conventional oil processing up to and including the removal 
of bleaching clay from the oil. 
0612 Enzymatic Processing of Oilseeds 
0613. The compositions and methods of the invention 
can be used for enzymatic processing of oilseeds, including 
Soybean, canola (rapeseed), coconut, avocado and olive 
paste. In one aspect, these processes of the invention can 
increase the oil yield and to improve the nutritional quality 
of the obtained meals. In some aspects, enzymatic process 
ing of oilseeds using the enzymes and methods of the 
invention will provide economical and environmental ben 
efits, as well as alternative technologies for oil extraction 
and processing food for human and animal consumption. In 
alternative aspects, the processes of the invention further 
comprise use of phospholipases, proteases, phosphatases, 
phytases, Xylanases, amylases (e.g., C.-amylases), gluca 
nases (e.g., f:-glucanases), polygalacturonases, galactoli 
pases, cellulases, hemicellulases, pectinases and other plant 
cell wall degrading enzymes, as well as mixed enzyme 
preparations and cell lysates. In alternative aspects, the 
processes of the invention can be practiced in conjunction 
with other processes, e.g., enzymatic treatments, e.g., with 
carbohydrases, including cellulase, hemicellulase and other 
side degrading activities, or, chemical processes, e.g., hex 
ane extraction of soybean oil. The enzymatic treatment can 
increase the oil extractability by 8-10% when the enzymatic 
treatment is carried out prior to the solvent extraction. 
0614. In alternative aspects, the processes of the inven 
tion can be practiced with aqueous extraction processes. The 
aqueous extraction methods can be environmentally cleaner 
alternative technologies for oil extraction. The processes of 
the invention can also use enzymes that hydrolyze the 
structural polysaccharides forming the cell wall of oilseeds, 
or that hydrolyze the proteins which form the cell and lipid 
body membranes, e.g., utilizing digestions comprising cel 
lulase, hemicellulase, and/or protopectinase for extraction of 
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oil from Soybean cells. In one aspect, methods are practiced 
with an enzyme of the invention as described by Kasai 
(2003) J. Agric. Food Chem. 51:6217-6222, who reported 
that the most effective enzyme to digest the cell wall was 
cellulase. 

0615. In one aspect, proteases are used in combination 
with the methods of the invention. The combined effect of 
operational variables and enzyme activity of protease and 
cellulase on oil and protein extraction yields combined with 
other process parameters, such as enzyme concentration, 
time of hydrolysis, particle size and Solid-to-liquid ratio has 
been evaluated. In one aspect, methods of the invention are 
practiced with protocols as described by Rosenthal (2001) 
Enzyme and Microb. Tech. 28:499-509, who reported that 
use of protease can result in significantly higher yields of oil 
and protein over the control when heat treated flour is used. 
0616. In one aspect, complete protein, pectin, and hemi 
cellulose extraction are used in combination with the meth 
ods of the invention. The plant cell consists of a series of 
polysaccharides often associated with or replaced by pro 
teins or phenolic compounds. Most of these carbohydrates 
are only partially digested or poorly utilized by the digestive 
enzymes. The disruption of these structures through pro 
cessing or degrading enzymes can improve their nutrient 
availability. In one aspect, methods of the invention are 
practiced with protocols as described by Ouhida (2002) J. 
Agric. Food Chem. 50:1933-1938, who reported that a 
significant degradation of the Soybean cell wall cellulose (up 
to 20%) has been achieved after complete protein, pectin, 
and hemicellulose extraction. 

0617. In one aspect, the methods of the invention further 
comprise incorporation of various enzymatic treatments in 
the treatment of seeds, e.g., canola seeds, these treatments 
comprising use of proteases, cellulases, and hemicellulases 
(in various combinations with each other and with one or 
more enzymes of the invention). For example, the methods 
can comprise enzymatic treatments of canola seeds at 20 to 
40 moisture during the incubation with enzymes prior to a 
conventional process; as described, e.g., by Sosulski (1990) 
Proc. Can. Inst. Food Sci. Technol. 3:656. The methods of 
the invention can further comprise incorporation of pro 
teases, C.-amylases, polygalacturonases (in various combi 
nations with each other and with one or more enzymes of the 
invention) to hydrolyze cellular material in coconut meal 
and release the coconut oil, which can be recovered by 
centrifugation, as described, e.g., by McGlone (1986) J. of 
Food Sci. 51: 695-697. The methods of the invention can 
further comprise incorporation of pectinases, C-amylases, 
proteases, cellulases in different combinations (with each 
other and with one or more enzymes of the invention) to 
result in significant yield improvement (-70% in the best 
case) during enzymatic extraction of avocado oil, as 
described, e.g., by Buenrostro (1986) Biotech. Letters 8(7): 
505-506. In processes of the invention for olive oil extrac 
tion, olive paste is treated with cellulase, hemicellulase, 
poligalacturonase, pectin-methyltransferase, protease and 
their combinations (with each other and with one or more 
enzymes of the invention), as described, e.g., by Montedoro 
(1976) Acta Vitamin. Enzymol. (Milano) 30:13. 
0618. In one aspect, the methods of the invention further 
comprise incorporation of various enzymatic treatments in 
the treatment of seeds, e.g., canola seeds, these treatments 
comprising use of proteases, cellulases, and hemicellulases 
(in various combinations with each other and with one or 
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more enzymes of the invention). For example, the methods 
can comprise enzymatic treatments of canola seeds at 20 to 
40 moisture during the incubation with enzymes prior to a 
conventional process; as described, e.g., by Sosulski (1990) 
Proc. Can. Inst. Food Sci. Technol. 3:656. The methods of 
the invention can further comprise incorporation of pro 
teases, C.-amylases, polygalacturonases (in various combi 
nations with each other and with one or more enzymes of the 
invention) to hydrolyze cellular material in coconut meal 
and release the coconut oil, which can be recovered by 
centrifugation, as described, e.g., by McGlone (1986) J. of 
Food Sci. 51:695-697. The methods of the invention can 
further comprise incorporation of pectinases, C-amylases, 
proteases, cellulases in different combinations (with each 
other and with one or more enzymes of the invention) to 
result in significant yield improvement (-70% in the best 
case) during enzymatic extraction of avocado oil, as 
described, e.g., by Buenrostro (1986) Biotech. Letters 8(7): 
505-506. In processes of the invention for olive oil extrac 
tion, olive paste is treated with cellulase, hemicellulase, 
poligalacturonase, pectin-methyltransferase, protease and 
their combinations (with each other and with one or more 
enzymes of the invention), as described, e.g., by Montedoro 
(1976) Acta Vitamin. Enzymol. (Milano) 30:13. 
0619. In one aspect, the compositions and methods of the 
invention can be practiced with methods as described in U.S. 
Pat. No. 6,376,689. For example, in one aspect, the com 
positions and methods of the invention can comprise a 
single-step acid degumming/decolorizing process that 
removes chlorophyll-type compounds from vegetable oils 
from seeds, especially frost damaged seeds which have large 
amounts of chlorophyll-type compounds. In one aspect, the 
methods of the invention further comprise a mixture of 
aqueous Sulfuric and phosphoric acids that is blended with 
the oil to remove chlorophyll-type compounds from the oil. 
The purified oil can have less than about 5 ppm chlorophyll 
type compounds, less than about 50 ppm phosphorus or less 
than about 1.0 weight percent free fatty acids. 
0620 
0621. The compositions (e.g., esterases) and methods of 
the invention can also be used in conjunction with methods 
and processes for the purification of phytosterols and triter 
penes, or plant sterols, from vegetable oils. Phytosterols that 
can be purified using methods of the invention include 
B-sitosterol, campesterol, Stigmasterol, Stigmastanol, B-sito 
stanol, sitostanol, desmoSterol, chalinasterol, poriferasterol, 
clionasterol and brassicasterol. Plant sterols are important 
agricultural products for health and nutritional industries. 
Thus, compositions (e.g., esterases) and methods of the 
invention can be used to make emulsifiers for cosmetic 
manufacturers and steroidal intermediates and precursors for 
the production of hormone pharmaceuticals. The composi 
tions (e.g., esterases) and methods of the invention can be 
used to make (e.g., purify) analogs of phytosterols and their 
esters for use as cholesterol-lowering agents with cardio 
logic health benefits. The compositions (e.g., esterases) and 
methods of the invention can be used to purify plant sterols 
to reduce serum cholesterol levels by inhibiting cholesterol 
absorption in the intestinal lumen. The compositions (e.g., 
esterases) and methods of the invention can be used to purify 
plant sterols that have immunomodulating properties at 
extremely low concentrations, including enhanced cellular 
response of T lymphocytes and cytotoxic ability of natural 
killer cells against a cancer cell line. The compositions (e.g., 
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esterases) and methods of the invention can be used to purify 
plant sterols for the treatment of pulmonary tuberculosis, 
rheumatoid arthritis, management of HIV-infested patients 
and inhibition of immune stress, e.g., in marathon runners. 
0622. The compositions (e.g., esterases) and methods of 
the invention can be used to purify sterol components 
present in the sterol fractions of commodity vegetable oils 
(e.g., coconut, canola, cocoa butter, corn, cottonseed, lin 
seed, olive, palm, peanut, rice bran, safflower, Sesame, 
soybean, sunflower oils), such as sitosterol (40.2-92.3%), 
campesterol (2.6-38.6%), stigmasterol (0-31%) and 5-ave 
nasterol (1.5-29%). 
0623 Vegetable Oil Refining Apparatus 
0624 The invention provides product of manufacture 
comprising a degumming system for the enzymatic treat 
ment of chlorophyll-containing or chlorophyll-contaminated 
compositions comprising (a) a vegetable oil refining appa 
ratus; and (b) a polypeptide having an chlorophyllase activ 
ity operably integrated into the vegetable oil refining appa 
ratus, wherein the activity of the polypeptide comprises 
catalysis of a chlorophyll-modifying reaction, and the Veg 
etable oil refining apparatus can react a chlorophyll-contain 
ing or chlorophyll-contaminated composition with the 
polypeptide to under conditions wherein the polypeptide can 
catalyze a chlorophyll-modifying reaction. 
0625. The products of manufacture of the invention can 
comprise any vegetable oil refining apparatus or combina 
tion thereof, e.g., an oil leaving expellor (e.g., from Pen 
nwalt Corp.), or a gravitational gum separation device. 
0626. The invention provides product of manufacture 
comprising immobilized enzymes, e.g., an immobilized 
chlorophyllase, e.g., an esterase of the invention. In one 
aspect of the product of manufacture, the chlorophyllase 
comprises a silica-immobilized chlorophyllase. The silica 
comprises a silica gel or equivalent. The silica comprises a 
TriSyl Silica or a SORBSIL RTM silica. 
0627. In one aspect, the products of manufacture of the 
invention comprise apparatus for adjusting pH, e.g., increas 
ing pH ("caustic treatment'), and then, alternatively, neu 
tralizing pH. 
0628. The invention will be further described with refer 
ence to the following examples; however, it is to be under 
stood that the invention is not limited to Such examples. 

EXAMPLES 

Example 1 
Exemplary Esterase Activity Assay 

0629. The following example demonstrates an exemplary 
esterase (chlorophyllase activity) assay for isolating and 
characterizing enzymes of the invention and the nucleic 
acids that encode them, and to determine if a polypeptide is 
within the scope of the invention. 
0630. Esterases were screened for activity on chlorophyll 
from spinach to produce chlorophyllide. In this exemplary 
esterase (chlorophyllase activity) assay the esterase screen 
ing format comprises: 
0631 Plates screened in duplicate. 
0632 Positive (CHLase) & negative controls on each 
plate. 
0633 1 mM CHL, 20% cell lysate, 20% acetone, pH 7.5, 
O.O1% HBT. 

0634 24 hr incubation time at 30° C. in the dark. 
0635 100 mL reaction volume. 
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0636 Analysis by LC-VIS; injection of 1 mL sample. 
0637. This esterase screening method used HPLC to 
analyze reaction products. FIG. 2 and FIG. 3 illustrate data 
showing the results of the esterase (chlorophyllase activity) 
activity assay using the indicated exemplary enzymes of the 
invention. 
0638 For the HPLC: 
0639 Column: Cromolith SpeedROD RP-18e 50-4, 
mm (Catil UM1082/086) 
0640 Flow: 1.0 mL/min: Injection: 1.0 mL. 

Mar. 20, 2008 

Compound Rt 

CHLa 4.20 
CHLb 4.15 
PHPa 4.30 
PHPb 4.25 
CHPa O.85 
CHPb O.8O 
PHIBal 1.OO 
PHBb O.95 

0641. The data illustrated in FIG. 2 illustrates increased 
levels of reaction product between 24 hr and 48 hr time 
points, were the levels of reaction product indicate chloro 
phyllase activity for SEQID NO:2, SEQID NO:4, SEQ ID 
NO:6, SEQID NO:8, SEQID NO:12, SEQID NO:14, SEQ 
ID NO:16, SEQ ID NO:18 and SEQ ID NO:20. The data 
illustrated in FIG. 3 illustrates increased levels of reaction 

product between 24 hr and 48 hr time points, were the levels 
of reaction product indicate chlorophyllase activity for SEQ 

T (min) A. B C 

O 10% 80% 10% 
2.3 10% 80% 10% 
2.31 O% SO% SO% 
4 O% SO% 50% 
4.1 10% 80% 10% 
7 10% 80% 10% 

A: H2O 
B: MEOH + 1 mM NH4OAC 
C: MTBE 

DAD 
signal L (nm) Bw Reference 1 Bw 

1 660 2O 710 mm 10 

ID NO:10. 

0642 
been described. Nevertheless, it will be understood that 
various modifications may be made without departing from 
the spirit and scope of the invention. Accordingly, other 
embodiments are within the scope of the following claims. 

SEQUENCE LISTING 

<16 Oc NUMBER OF SEO ID NOS: 27 

<210 SEQ ID NO 1 
<211 LENGTH: 91.5 
&212> TYPE : DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 1 

ggc.ccggaga 

gtgagcgaac 

gtgattgtcg 

gtctg.cgagt 

cggcgc.ccca 

agt cittgttc 

ggcttitt.cgg 

gagaacatcg 

taccc.cgcgt. 

gatt.cgc.cgc 

totgtct tcc 

cc acggtgaa 

agitat ct cqa 

cgaccat cac 

ggctgaactic 

gcagtatgca 

acaaggtgga 

at citcgt.cga 

cgatgttctt 

acticacactic 

gctctggcc C 

alaccalagaag 

gatct attcg 

cggg tacaac 

ggacaacct c 

gaaagagttg 

cct caccgct 

cgagg tatt C 

gaaggatgga 

cgtgcatt.cg 

acact cqcac 

ggcaaag.cgc 

gggCagcttg 

cc.gc.caaagg 

atcc togc.ca 

accgcggtgc 

gcgatgattic 

ggcattcacc 

tgcaccgcgt. 

aactgcacgc 

to cacgaca 

to acactict C 

ccggcgagac 

acat Caagcg 

agaaggcgaa 

togalacacga 

tgct caagta 

aggacgc.gca 

caac acgtgt 

cgaactitcgc 

cc.gagttcaa 

acgtgagcag 

tgccagagca 

galagga catc 

gct caccaac 

cgacacagtg 

agggaccgat 

gcgc.gc.catc 

gggaatgctic 

gcggatgtac 

catcct cqtg 

agtgaagatc 

tgaaaa.ca.gc 

60 

12O 

18O 

24 O 

3 OO 

360 

48O 

54 O 

6 OO 

660 

A number of embodiments of the invention have 
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gtggcgctitt acctgg cact Caagaagaac alaggtgc.cgg C9gaaatgca cct ctacgc.c 78O 

agcggcgggc acggctacgg aatgcgcaag gttcc.gcatc. c9tgcgcaag Ctggc.ccgac 84 O 

cgc.gc.cgcgg agtggatgaa agcacaccgg Ctgcttgaga aggccaa.gcc cagc.cggat 9 OO 

gggaagaagg agtaa 915 

<210 SEQ ID NO 2 
<211 LENGTH: 304 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAMEAKEY: SIGNAL 
<222> LOCATION: (1) . . . (20) 

<4 OO SEQUENCE: 2 

Met Ser Arg Val Cys Lieu Pro Lieu. Thir Lieu. Thir Lieu Ala Lieu. Thir Lieu. 
1. 5 1O 15 

Ser Ala Arg Ala Ala Glu Pro Thir Thr Val Lys Lieu. Trp Pro Gly Lys 
2O 25 3O 

Ala Pro Gly Glu Thir Lys Asp Ile Gly Pro Glu Lys Tyr Lieu. Glu Thr 
35 4 O 45 

Llys Lys Gly Glin Lieu. Asp Ile Lys Arg Lieu. Thir Asn Val Ser Glu Pro 
SO 55 6 O 

Thir Ile Thr Ile Tyr Ser Pro Pro Lys Glu Lys Ala Asn Asp Thr Val 
65 70 7s 8O 

Val Ile Val Ala Pro Gly Gly Gly Tyr Asn. Ile Lieu Ala Ile Glu. His 
85 90 95 

Glu Gly. Thir Asp Val Cys Glu Trp Lieu. Asn. Ser Lieu. Gly Val Thir Ala 
1OO 105 11 O 

Val Lieu. Lieu Lys Tyr Arg Val Pro Arg Arg Pro Met Glin Ser Pro Asp 
115 12 O 125 

Asn Lieu Ala Met Ile Glin Asp Ala Glin Arg Ala Ile Ser Lieu Val Arg 
13 O 135 14 O 

Ser Met Gln Lys Glu Lieu. Gly Ile His Pro Thr Arg Val Gly Met Leu 
145 150 155 160 

Gly Phe Ser Ala Gly Gly Asn Lieu. Thir Ala Cys Thr Ala Lieu Ala Glu 
1.65 17O 17s 

Lys Arg Met Tyr Glu Asn. Ile Asp Llys Val Asp Glu Val Phe Asn. Cys 
18O 185 19 O 

Thr Pro Asn Phe Ala Ile Leu Val Tyr Pro Ala Tyr Lieu Val Glu Lys 
195 2OO 2O5 

Asp Gly. Thir Lieu. Arg Ala Glu Phe Llys Val Lys Ile Asp Ser Pro Pro 
21 O 215 22O 

Met Phe Phe Val His Ser Ser Asp Asp Asn Val Ser Ser Glu Asn Ser 
225 23 O 235 24 O 

Val Ala Lieu. Tyr Lieu Ala Lieu Lys Lys Asn Llys Val Pro Ala Glu Met 
245 250 255 

His Leu Tyr Ala Ser Gly Gly His Gly Tyr Gly Met Arg Llys Val Pro 
26 O 265 27 O 

His Pro Cys Ala Ser Trp Pro Asp Arg Ala Ala Glu Trp Met Lys Ala 
27s 28O 285 

His Arg Lieu. Lieu. Glu Lys Ala Lys Pro Glu Pro Asp Gly Lys Lys Glu 
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29 O 

SEQ ID NO 3 
LENGTH: 927 
TYPE: DNA 
ORGANISM: Unknown 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 3 

atgtcactitg atccacaaac 

c caatggaga 

gtggaggaag 

gtc.cgtgttt 

ggcggcggct 

aacct cqc.ca 

ttcaaagt cq 

attitat CCaa 

ggctatttct 

gaagacaaac 

c cagcaattg 

aaaaagctgg 

ggctttgtca 

gaggctittaa 

Ctttgtcacc 

tagggalaggt 

attacCCtaa 

gggtaattgg 

actgcgtgac 

ttgaggatgc 

acalagacccd. 

cgaatctggc 

gcaccalatgc 

tagaaaaagg 

agaatcc.gct 

tgattactgc 

gcgaag Cagg 

gcatgtcggc 

ctaaagccitt 

SEQ ID NO 4 
LENGTH: 3O8 
TYPE : 
ORGANISM: Unknown 
FEATURE: 

OTHER INFORMATION: Obtained from environmental sample 

PRT 

SEQUENCE: 4 

295 

gaaatttgta 

ggaaatggct 

agaaaatcga 

agalacticcag 

caatttggac 

cattt cogtc 

titatgctgct 

tattgcc.gtt 

aaaagacaaa 

aggtggtgag 

cacgatggat 

agt ct caccg 

cgagtacgat 

ggttgctgtc. 

tgtcattagc 

toaataa. 

Met Ser Lieu. Asp Pro Glin Thr Lys 
1. 

Ala 

Ala 

Asn 

Tyr 
65 

Gly 

Arg 

Arg 

Asp 

Phe 

Arg 
SO 

Pro 

Gly 

Ala 

Luell 

Ala 

Ile 
35 

Thir 

Gly 

Luell 

Ala 

5 

Pro Pro Met Glu. Thir 

Lieu Pro Glin Gly Ala 
4 O 

Ile Pro Gly Pro Ala 
55 

Glu Lieu. Glin Pro Glu 
70 

Trp Val Ile Gly Asn 
85 

Thir Asn Lieu Ala Asn 

Pro Glu Asn Llys Phe 

ttagcc.caat 

agacaggcat 

acgattic ctd 

cctgaaaatc 

t ct catgacg 

gact accqcc 

gcacalatatg 

ggcggtgaca 

aacticaccitt 

c caacagcat 

tggttc.cgtg 

atgctittatg 

c cattgcgag 

caaac CatCc 

Caagggalagg 

Phe Wall Lieu. 
1O 

Luell Ser Pro 
25 

Wall Glu Glu 

Thr Asp Ile 

ASn Pro Ala 
7s 

Lieu. Asp Ser 
90 

Cys Val Thr 
105 

Pro Ala Ala 

67 

- Continued 

3 OO 

t catattgcc 

gtc.ctgcaac 

cc.gc.gct agt 

at atttgcc.g 

tggct Coaga 

tgitatgacca 

ctatttgttt 

Caatggttga 

actgctacct 

atgattt coa 

atgaaggcga 

gctttgacgg 

cggcattgga 

Ala 

Glu 

Wall 

Pro 
6 O 

Lell 

His 

Ile 

Wall 

Glin 

Met 

Gly 
45 

Wall 

Wall 

Asp 

Ser 

Glu 

Luell 

Ala 
3O 

Arg 

Phe 

Asp 

Wall 
11 O 

Asp 

Obtained from environmental sample 

cgatgct cot 

gcaaggtgca 

gga catc cct 

titt citat cat 

tgctttalacc 

gaataaattit 

tgcagaagat 

aaatcttgcc 

c caacttctg 

gaatgcc cat 

gaacagtgaa 

aggactgcct 

agcatatgcc 

tacgatt cat 

aaaag cagga 

Ala Ala 
15 

Arg Glin 

Wall Glu 

Val Tyr 

Ile Cys 
95 

Asp Tyr 

Ala Tyr 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

927 

Mar. 20, 2008 
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115 12 O 125 

Ala Ala Ala Glin Tyr Val Tyr Asp His Ala Glu Asp Phe Llys Val Asp 
13 O 135 14 O 

Llys Thr Arg Ile Ala Val Gly Gly Asp Ser Ala Gly Gly Asn Lieu Ala 
145 150 155 160 

Ala Val Val Thr Asn Lieu Ala Lys Asp Lys Asn. Ser Pro Ser Ile Cys 
1.65 17O 17s 

Phe Gln Leu Lieu. Ile Tyr Pro Ser Thr Asn Ala Gly Gly Glu Pro Thr 
18O 185 19 O 

Ala Ser Met Val Glu Asn Ala His Gly Tyr Phe Lieu. Glu Lys Gly Thr 
195 2OO 2O5 

Met Asp Trp Phe Arg Asp Cys Tyr Lieu. Asn. Ser Glu Glu Asp Llys Glin 
21 O 215 22O 

Asn Pro Leu Val Ser Pro Met Leu Tyr Asp Asp Phe Glin Gly Lieu Pro 
225 23 O 235 24 O 

Pro Ala Ile Val Ile Thr Ala Glu Tyr Asp Pro Lieu. Arg Asp Glu Gly 
245 250 255 

Glu Ala Tyr Ala Lys Llys Lieu. Gly Glu Ala Gly Val Ala Val Glin Thr 
26 O 265 27 O 

Ile Arg Phe Asp Gly. Thir Ile His Gly Phe Val Ser Met Ser Ala Val 
27s 28O 285 

Ile Ser Glin Gly Lys Ala Ala Lieu. Glu Lys Ala Gly Glu Ala Lieu. Thr 
29 O 295 3 OO 

Lys Ala Phe Glin 
3. OS 

<210 SEQ ID NO 5 
<211 LENGTH: 672 
&212> TYPE: DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 5 

atgagaagaa ttgtttitcct ttatatt ctd gcdttgct cit gcgitat cct g togcgaac cqg 6 O 

aatcCttctg. tct cqgaccc cqctic cqtca ccgaccttgg gggagcaatic git cagcgagt 12 O 

ttac.cgaaga t cqtagcatt cqgcgacago ctaactgctg gctittggtct titcc.cagaat 18O 

gaaagttatc cagcgcttitt gcaggaacga CtgagaCagg acggittatga ttacgaagtg 24 O 

atcaatgc.cg gagttt Cagg cataccagc gcgggcggtg togtaggat cactgggitt 3OO 

Ctggatgaga gcgitacga at tictaattctt gaattgggtg Ctaatgattt tott.cgtggc 360 

catccagtag ct cagacitaa gaaaaacctic gcc.gittatca togaacgtgc ticaggaaaaa 42O 

aacgtcaggg ttctgctago agggatgttt gcaccgacga at actggatg ggagtaccag 48O 

gggcagatco agcaaatgtt taacgatc.tt togcgagaaa aagcc.gtacc actaatticca 54 O 

ttctitt ct cq agggagtagc cqgcattcca actictdaatc tagctgatgg cattcatcc c 6OO 

aatgcggctg gcacaaagat cqttgctgag aatgtgtaca agtat ctaala accgatgctic 660 

c catctgatt aa 672 

<210 SEQ ID NO 6 
<211 LENGTH: 223 
&212> TYPE: PRT 
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<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAMEAKEY: SIGNAL 
<222> LOCATION: (1) . . . (25) 
&220s FEATURE: 

<221 NAME/KEY: DOMAIN 
<222> LOCATION: (44) . . . (212) 
<223> OTHER INFORMATION: GDSL-like Lipase/Acylhydrolase 

<4 OO SEQUENCE: 6 

Met Arg Arg Ile Val Phe Lieu. Tyr Ile Lieu Ala Lieu. Lieu. Cys Val Ser 
1. 5 1O 15 

Cys Ala Asn Arg Asn Pro Ser Val Ser Asp Pro Ala Pro Ser Pro Thr 
2O 25 3O 

Lieu. Gly Glu Glin Ser Ser Ala Ser Lieu Pro Lys Ile Val Ala Phe Gly 
35 4 O 45 

Asp Ser Lieu. Thir Ala Gly Phe Gly Lieu Ser Glin Asn Glu Ser Tyr Pro 
SO 55 6 O 

Ala Lieu. Lieu. Glin Glu Arg Lieu. Arg Glin Asp Gly Tyr Asp Tyr Glu Val 
65 70 7s 8O 

Ile Asn Ala Gly Val Ser Gly Asp Thir Ser Ala Gly Gly Val Arg Arg 
85 90 95 

Ile Asp Trp Val Lieu. Asp Glu Ser Val Arg Ile Lieu. Ile Lieu. Glu Lieu. 
1OO 105 11 O 

Gly Ala Asn Asp Phe Lieu. Arg Gly His Pro Val Ala Glin Thir Lys Llys 
115 12 O 125 

Asn Lieu Ala Val Ile Ile Glu Arg Ala Glin Glu Lys Asn Val Arg Val 
13 O 135 14 O 

Lieu. Leu Ala Gly Met Phe Ala Pro Thr Asn Thr Gly Trp Glu Tyr Glin 
145 150 155 160 

Gly Glin Ile Glin Gln Met Phe Asn Asp Lieu. Ser Arg Glu Lys Ala Val 
1.65 17O 17s 

Pro Leu. Ile Pro Phe Phe Lieu. Glu Gly Val Ala Gly Ile Pro Thr Lieu. 
18O 185 19 O 

Asn Lieu Ala Asp Gly Ile His Pro Asn Ala Ala Gly. Thir Lys Ile Val 
195 2OO 2O5 

Ala Glu Asn Val Tyr Llys Tyr Lieu Lys Pro Met Lieu Pro Ser Asp 
21 O 215 22O 

<210 SEQ ID NO 7 
<211 LENGTH: 783 
&212> TYPE: DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 7 

atgacacgaa aaaaaatcgg Cttggctitta t ccggcggcg C9gcgcgtgg Cttctgcacat 6 O 

Ctcggagttt taaagttitt cqc.cgaacac ggcatt.ccc.g. tcgattt cqt cqc.cggaacg 12 O 

agcgc.cggitt C9tttgcggg cqcggctitt C gct tccggitt taagcgtggc ggaaatcatC 18O 

gaaatgtcaa ggaaaatcag ttggtttcgg atgaccggat titt cqtactic gcc.gaaaggc 24 O 

ttgctgtcga acgc.gc.cgat gggagcgttt atcaatcagc attitt CC gcg caaaaaattit 3OO 

gaagaactgc cgataccgtt cqcggcaatt acgtgcgatc. tcgaalaccgg caggaaatc 360 
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gtgcttaaag aaaccggcga C9tggcgact gcc.gtc.cgtg cgagctg.cgc gctgc.ccggc 42O 

gtct tcgtgc caatcgaata C9gcggacgg cattgatag acggcggcgt. c9tgtcgaac 48O 

gtgc.cgacga gagcc.gtcaa aaa.gctcggc gcggaaatca ttattgcggit tacgttctg 54 O 

gcqtgcggca caact tact g g ggttcgcct tcc actittgc ticggcatctt titt coaatcg 6OO 

gcqatigatgc titcticcgc.gc cqcttcaaaa tot catcatt accqcgc gag cqtcqt catc 660 

acgcc.gcaaa ticgct catct gcgc.ccggac gaaat cagoa aaatggacga atttatcaaa 72 O 

gcgggcgaac aag.ccgc.gct taaaaagtt gacgaaatca aggctttgct cqc.cgaacaa 78O 

taa 783 

<210 SEQ ID NO 8 
<211 LENGTH: 260 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAME/KEY: DOMAIN 
<222> LOCATION: (8) ... (167) 
<223> OTHER INFORMATION: Patatin-like phospholipase 

<4 OO SEQUENCE: 8 

Met Thr Arg Llys Lys Ile Gly Lieu Ala Lieu. Ser Gly Gly Ala Ala Arg 
1. 5 1O 15 

Gly Phe Ala His Lieu. Gly Val Lieu Lys Val Phe Ala Glu. His Gly Ile 
2O 25 3O 

Pro Val Asp Phe Val Ala Gly Thr Ser Ala Gly Ser Phe Ala Gly Ala 
35 4 O 45 

Ala Phe Ala Ser Gly Lieu. Ser Val Ala Glu Ile Ile Glu Met Ser Arg 
SO 55 6 O 

Lys Ile Ser Trp Phe Arg Met Thr Gly Phe Ser Tyr Ser Pro Lys Gly 
65 70 7s 8O 

Lieu. Leu Ser Asn Ala Pro Met Gly Ala Phe Ile Asn Gln His Phe Pro 
85 90 95 

Arg Llys Llys Phe Glu Glu Lieu Pro Ile Pro Phe Ala Ala Ile Thr Cys 
1OO 105 11 O 

Asp Lieu. Glu Thr Gly Glu Glu Ile Val Lieu Lys Glu Thr Gly Asp Wall 
115 12 O 125 

Ala Thr Ala Val Arg Ala Ser Cys Ala Lieu Pro Gly Val Phe Val Pro 
13 O 135 14 O 

Ile Glu Tyr Gly Gly Arg Arg Lieu. Ile Asp Gly Gly Val Val Ser Asn 
145 150 155 160 

Val Pro Thir Arg Ala Wall Lys Llys Lieu. Gly Ala Glu Ile Ile Ile Ala 
1.65 17O 17s 

Val Asp Val Lieu Ala Cys Gly. Thir Thr Tyr Trp Gly Ser Pro Ser Thr 
18O 185 19 O 

Lieu. Lieu. Gly Ile Phe Phe Glin Ser Ala Met Met Lieu. Lieu. Arg Ala Ala 
195 2OO 2O5 

Ser Lys Ser His His Tyr Arg Ala Ser Val Val Ile Thr Pro Glin Ile 
21 O 215 22O 

Ala His Lieu. Arg Pro Asp Glu Ile Ser Lys Met Asp Glu Phe Ile Llys 
225 23 O 235 24 O 
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&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAME/KEY: DOMAIN 
<222> LOCATION: (30) . . . (198) 
<223> OTHER INFORMATION: GDSL-like Lipase/Acylhydrolase 

<4 OO SEQUENCE: 12 

Met Ser Ala Pro Glu Ala Ala Ser Val Glu. His Ala Asp Pro Gly Gly 
1. 5 1O 15 

Val Ala Thir Lieu Ala Glu Arg Pro Ala Ala Arg Pro Arg Ile Val Phe 
2O 25 3O 

Lieu. Gly Asp Ser Lieu. Thir Ala Gly Tyr Gly Lieu Ala Arg Glu Glin Ser 
35 4 O 45 

Val Pro Ala Lieu. Lieu. Glin Arg Arg Lieu. Asp Arg Glu Gly Tyr Glu Tyr 
SO 55 6 O 

Glu Val Val Asn Ala Gly Val Ser Gly Asp Thir Ser Ala Gly Gly Lieu. 
65 70 7s 8O 

Ser Arg Lieu. Asp Trp Ser Lieu. Asp Gly Glu Val Ala Lieu. Lieu Val Val 
85 90 95 

Glu Lieu. Gly Ala Asn Asp Gly Lieu. Arg Gly Lieu Pro Val Ser Ala Met 
1OO 105 11 O 

Lys Arg Asn Lieu. Asp Ala Ile Ile Thr Arg Ala Arg Ala Arg Gly Ile 
115 12 O 125 

Thr Val Val Lieu Ala Gly Met Glu Ala Pro Pro Asn Tyr Gly Ala Ala 
13 O 135 14 O 

Tyr Thir Thr Glu Phe Arg Glin Ala Phe His Asp Leu Ala Arg Thr His 
145 150 155 160 

Asp Val Pro Phe Val Pro Phe Phe Leu Glu Gly Val Ala Gly Lieu Pro 
1.65 17O 17s 

His Lieu. Asn. Ile Ala Asp Gly Ile His Pro Asn Ala Glu Gly Ala Arg 
18O 185 19 O 

Val Val Glu Ala Asn Val Trp Glin Val Lieu. Glu Pro Lieu. Lieu. Asp Glu 
195 2OO 2O5 

Pro Gly Arg Ala Ala Ala Ser Arg Ala Glin Pro Ala Asp Gly Arg 
21 O 215 22O 

<210 SEQ ID NO 13 
<211 LENGTH: 9 OO 
&212> TYPE: DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 13 

atgaaggcaa gctgcc.gcga catcgaaatc gaatacgaala catt.cggcca t c cqgacgac 6 O 

ccggc.cat cq totgat cat gggacticggt ggc.ca.gctica toctgtggcc ggaag.cgttc 12 O 

tgcc.gcatgc tiggc.cgacgc tiggtcactac gtggtgcgct tcgacaa.ccg cga catcggc 18O 

ctgtcgacgc atctogatca cct tcc.ccgc cccaacctgc cqctic go cqc gct cogccag 24 O 

gcgctg.cgcc tic cagttcg cqC cagttac acgct cacg acatggcgga cacgtc.gc.g 3OO 

ggcctgcttg atgcactgaa cat Caagcag gcgcacgt.cg tcggcgtgtc gatgggcggc 360 

atgatcgc.cc agctgctggc cgcacggcac gcgaccc.gcg togcagcct gaccttgctg 42O 

atgaccacca gcggcgc.gcg caacgttc.cg ggc.ccct cac toggcatgcg catggaaatg 48O 
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atc.cgt.cgac cycgcgacac ct cqc.gcgaggggctgatcc gcc atggitat gcgtacctgg 54 O 

cggatcatcg gcago.ccgac gtacccgaag cc.ggaag.ccg aactg.cgc.cg catcgtc.gc.c 6OO 

gagggctttg accgc.gcgtt to acccggcc ggttt catgc gcc agctgca cqc.cgttctic 660 

gcggcaccga gcc.gc.gcacc cct gctg.ccg. c9catcaaac agc.cggc.cga cqt catt cac 72 O 

ggcgacgc.cg acctgctggit accagtggca gcggcacgtg atctggtgcg cc.gc.ctg.ccg 78O 

aacgc.cacgc ticgacatcgt gcc.gggcatggggcatgact tcc.cgaccga gat catgcc.g 84 O 

cgitat.cgc.gc gcc.gcattgt caaaccgcg gcacgcgacc cqcagcggct cqc.cgcc tag 9 OO 

<210 SEQ ID NO 14 
<211 LENGTH: 299 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAME/KEY: DOMAIN 
<222> LOCATION: (49) . . . (288) 
<223> OTHER INFORMATION: alpha/beta hydrolase fold 

<4 OO SEQUENCE: 14 

Met Lys Ala Ser Cys Arg Asp Ile Glu Ile Glu Tyr Glu Thr Phe Gly 
1. 5 1O 15 

His Pro Asp Asp Pro Ala Ile Val Lieu. Ile Met Gly Lieu. Gly Gly Glin 
2O 25 3O 

Lieu. Ile Lieu. Trp Pro Glu Ala Phe Cys Arg Met Lieu Ala Asp Ala Gly 
35 4 O 45 

His Tyr Val Val Arg Phe Asp Asn Arg Asp Ile Gly Lieu. Ser Thr His 
SO 55 6 O 

Lieu. Asp His Lieu Pro Arg Pro Asn Lieu Pro Lieu Ala Ala Lieu. Arg Glin 
65 70 7s 8O 

Ala Lieu. Arg Lieu Pro Val Arg Ala Ser Tyr Thr Lieu. Asp Asp Met Ala 
85 90 95 

Asp Asp Wall Ala Gly Lieu. Lieu. Asp Ala Lieu. Asn. Ile Lys Glin Ala His 
1OO 105 11 O 

Val Val Gly Val Ser Met Gly Gly Met Ile Ala Glin Lieu. Lieu Ala Ala 
115 12 O 125 

Arg His Ala Thr Arg Val Arg Ser Lieu. Thir Lieu Lleu Met Thr Thr Ser 
13 O 135 14 O 

Gly Ala Arg Asn Val Pro Gly Pro Ser Leu Gly Met Arg Met Glu Met 
145 150 155 160 

Ile Arg Arg Pro Arg Asp Thir Ser Arg Glu Gly Lieu. Ile Arg His Gly 
1.65 17O 17s 

Met Arg Thr Trp Arg Ile Ile Gly Ser Pro Thr Tyr Pro Llys Pro Glu 
18O 185 19 O 

Ala Glu Lieu. Arg Arg Ile Val Ala Glu Gly Phe Asp Arg Ala Phe His 
195 2OO 2O5 

Pro Ala Gly Phe Met Arg Glin Lieu. His Ala Val Lieu Ala Ala Pro Ser 
21 O 215 22O 

Arg Ala Pro Lieu Lleu Pro Arg Ile Lys Glin Pro Ala Asp Val Ile His 
225 23 O 235 24 O 

Gly Asp Ala Asp Lieu. Lieu Val Pro Val Ala Ala Ala Arg Asp Lieu Val 
245 250 255 
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Arg 

Asp 

Thir 

Arg 

Phe 

Ala 
29 O 

75 

- Continued 

Leu Pro Asn Ala Thr Lieu. Asp Ile Val Pro Gly Met Gly His 
26 O 265 27 O 

Pro Thr Glu Ile Met Pro Arg Ile Ala Arg Arg Ile Val Glu 

Ala Arg Asp Pro Glin Arg 

SEO ID NO 15 
LENGTH: 759 
TYPE: DNA 
ORGANISM: Unknown 
FEATURE: 
OTHER INFORMATION: 

<4 OO SEQUENCE: 15 

295 
Lieu Ala Ala 

285 

Obtained from environmental sample 

atgggcaaac aaatgc citta tagagtgatt titt coagtaa actaccaaac titccaaaaaa 

cgctat coag tdatttacct tctgcacggc ctitt.cgggca attacaaaaa citggaccgag 

aaaaccaaat tdacaaaata togcaa.ccgaa tacaactitct tdattat cac agttgaaggc 

gagaacggitt gg tatt ctda cagtaaaatc aaacctaaca ggctttacga aagctacata 

atcCaggaac tdatacct ga agttgataaa aagtttcgca caatagoaga t cqcaat cac 

agagct at cq Caggtottt c gatgggtggit tacggtgcga taaagtttgg Cttgaaatat 

c ctgaaaaat it cqctttgat tdggit cottt agcgg.cgctic ttg.cggcaac ttcaatcaag 

gaaggcacag cqcttgagtggattacaaaa accat caatg atgctitt cqg tcc taagga 

agcgaatcca gaaaagaaaa catattitt C Cagattgcgc gcgacctgaa tatgaacaa 

ataaagaaac titc cctitt at titactittgat tdcggaaccog aagattittct gttcaaagac 

aatcaggatt to atgaaact acttgttgaa aagagaatca aac acgaata tag acaaaag 

cc.cggcaccc atacgtggga at actgggat agccaaataa aagaattctt gggitttagcc 

aacaaattta tagaaaaaac togctt tatgg catactaa 

<210 SEQ ID NO 16 
<211 LENGTH: 252 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 

<221 NAME/KEY: DOMAIN 
<222> LOCATION: (1) . . . (240) 
<223> OTHER INFORMATION: Putative esterase 

<4 OO SEQUENCE: 16 

Met Gly Lys Gln Met Pro Tyr Arg Val Ile Phe Pro Val Asn Tyr Glin 
1. 5 1O 15 

Thir Ser Lys Lys Arg Tyr Pro Val Ile Tyr Lieu. Lieu. His Gly Lieu. Ser 
2O 25 3O 

Gly Asn Tyr Lys Asn Trp Thr Glu Lys Thir Lys Lieu. Thir Lys Tyr Ala 
35 4 O 45 

Thr Glu Tyr Asn Phe Lieu. Ile Ile Thr Val Glu Gly Glu Asin Gly Trp 
SO 55 6 O 

Tyr Ser Asp Ser Lys Ile Llys Pro Asn Arg Lieu. Tyr Glu Ser Tyr Ile 
65 70 7s 8O 

Ile Glin Glu Lieu. Ile Pro Glu Val Asp Llys Llys Phe Arg Thir Ile Ala 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

79 

Mar. 20, 2008 
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85 90 95 

Asp Arg Asn His Arg Ala Ile Ala Gly Lieu. Ser Met Gly Gly Tyr Gly 
1OO 105 11 O 

Ala Ile Llys Phe Gly Lieu Lys Tyr Pro Glu Lys Phe Ala Lieu. Ile Gly 
115 12 O 125 

Ser Phe Ser Gly Ala Lieu Ala Ala Thir Ser Ile Lys Glu Gly Thr Ala 
13 O 135 14 O 

Lieu. Glu Trp Ile Thr Lys Thr Ile Asn Asp Ala Phe Gly Pro Glu Gly 
145 150 155 160 

Ser Glu Ser Arg Lys Glu Asn Asp Ile Phe Glin Ile Ala Arg Asp Lieu. 
1.65 17O 17s 

Asn Asp Glu Glin Ile Llys Llys Lieu Pro Phe Ile Tyr Phe Asp Cys Gly 
18O 185 19 O 

Thr Glu Asp Phe Lieu. Phe Lys Asp Asn Glin Asp Phe Met Lys Lieu. Lieu. 
195 2OO 2O5 

Val Glu Lys Arg Ile Llys His Glu Tyr Arg Glin Llys Pro Gly. Thir His 
21 O 215 22O 

Thir Trp Glu Tyr Trp Asp Ser Glin Ile Lys Glu Phe Lieu. Gly Lieu Ala 
225 23 O 235 24 O 

Asn Llys Phe Ile Glu Lys Thr Ala Lieu. Trp Arg Tyr 
245 250 

<210 SEQ ID NO 17 
&2 11s LENGTH: 753 
&212> TYPE: DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 17 

atgaaaaagt ataaaacagg cctggittitta agtggtggcg galacacgtgg ttittgcgcat 6 O 

Ctgggagtga tag cagct ct ttacgataag gga attaaac Ccgacataat titcgggtaca 12 O 

agtgctggtg C cattgttgg cqcttittatt gctg.ccggga aaaatccaca Cacgttgtg 18O 

gagatttitta aaaagggat.c gtttittcaat tacacaaaac tacagatacc cc.gcgacggit 24 O 

ttgatgaaac tatggact gaaggaattgtttcaaaagg aaatt catgit aaaaaacct c 3OO 

gaagagcttgaaatcc ccct ttt tattgcc attitcgaatt taaataaagg aaccogtggaa 360 

tacagaaata gcggtc.ttitt gggtgaaact gtgcttgcct catctitcgat coccatactt 42O 

tittgct Cogg ttittaatcgg cacgatttg tatgttgacg ggggattaat ggata acatt 48O 

ccggttgaac ccatcaaact cqattgttgaa caaat cattgtttcaaatat cagtc.cgatt 54 O 

aatc.ccgttgaaaaaattaa aaatctgatt cacattgcta citcgtactitt ttatatgagt 6OO 

gtaaacgc.ca acatgaaaca ggittaaaaaa tatt ccaccc attatattga accoggacgga 660 

atagat actt acgaaattitt aagcc.gcacc cacgc.cgatgagttg tatga acttggatat 72 O 

aatt cqacaa ttaaaatcct gaatt cqcac taa 73 

<210 SEQ ID NO 18 
<211 LENGTH: 250 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 
&220s FEATURE: 
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<221 NAME/KEY: DOMAIN 
<222> LOCATION: (8) ... (166) 
<223> OTHER INFORMATION: Patatin-like phospholipase 

<4 OO SEQUENCE: 18 

Met Lys Llys Tyr Llys Thr Gly Lieu Val Lieu. Ser Gly Gly Gly Thr Arg 
1. 5 1O 15 

Gly Phe Ala His Lieu. Gly Val Ile Ala Ala Lieu. Tyr Asp Llys Gly Ile 
2O 25 3O 

Llys Pro Asp Ile Ile Ser Gly. Thir Ser Ala Gly Ala Ile Val Gly Ala 
35 4 O 45 

Phe Ile Ala Ala Gly Lys Asn Pro His Asp Val Val Glu Ile Phe Lys 
SO 55 6 O 

Lys Gly Ser Phe Phe ASn Tyr Thr Lys Lieu. Glin Ile Pro Arg Asp Gly 
65 70 7s 8O 

Lieu Met Lys Lieu. Asp Gly Lieu Lys Glu Lieu. Phe Glin Lys Glu Ile His 
85 90 95 

Val Lys Asn Lieu. Glu Glu Lieu. Glu Ile Pro Lieu. Phe Ile Ala Ile Ser 
1OO 105 11 O 

Asn Lieu. Asn Lys Gly. Thr Val Glu Tyr Arg Asn. Ser Gly Lieu. Lieu. Gly 
115 12 O 125 

Glu Thir Wall Leu Ala Ser Ser Ser Ile Pro Ile Leu Phe Ala Pro Wall 
13 O 135 14 O 

Lieu. Ile Gly Asp Asp Lieu. Tyr Val Asp Gly Gly Lieu Met Asp Asn. Ile 
145 150 155 160 

Pro Val Glu Pro Ile Llys Lieu. Asp Cys Glu Glin Ile Ile Val Ser Asn 
1.65 17O 17s 

Ile Ser Pro Ile Asn. Pro Val Glu Lys Ile Lys Asn Lieu. Ile His Ile 
18O 185 19 O 

Ala Thr Arg Thr Phe Tyr Met Ser Val Asn Ala Asn Met Lys Glin Val 
195 2OO 2O5 

Lys Llys Tyr Ser Thr His Tyr Ile Glu Pro Asp Gly Ile Asp Thr Tyr 
21 O 215 22O 

Glu Ile Lieu. Ser Arg Thr His Ala Asp Glu Lieu. Tyr Glu Lieu. Gly Tyr 
225 23 O 235 24 O 

Asn Ser Thir Ile Lys Ile Lieu. Asn. Ser His 
245 250 

<210 SEQ ID NO 19 
<211 LENGTH: 1071 
&212> TYPE: DNA 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 19 

atgggtgcga ataatc.cggt cacaaaattt gtaatggata aggggcaggg cactgcagca 6 O 

cgtttgctgg attgcctgcc gagctittgca Caagaacgt.c tigtaaaagc attggattat 12 O 

c ctitatgact atcctgattt ggat.cctitat ataaaatgct tdatgg.cgat t cagattaaa 18O 

Cagggaga.gc acagttitt at tagtgcagat gcggtgcagt cacgt caact gtttgatgaa 24 O 

cgcatgaaag Ctatto aggc gaalaccgacg ccggt calagg cagtic gagga t ctgcgtttg 3OO 

c cattgcaaa atggcactat ctittgc.ccga cattatcatc cqgcaccaca gaaaaaattg 360 
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ccgatggt catttitct at cattggtgca ttt at agtgg gtggtctgga tacgcatgat 42O 

gagttctgcc gtt tattggc ggtgcatgcc aaggtgcagg tacticagogt ggctt at CC9 48O 

Ctaacgc.ccg aatacagt cc tittgcagatg gtacaggtot gtgaagatgc tictggcttgg 54 O 

gtacatcaaa a catcaagca gttgaaaatc tataaaaac C agattgtagt ggcaggggat 6OO 

agtgcaggtg gaaatctggc ggcagtggitt gcgcagogga gtgc.cgataa aatctatgca 660 

cct cqcgcac agittattgct ttacccggct gtcgattitta aaag.ccgc.ca toctitcttitt 72 O 

tatgcataca at Cagggcct ggtactitt ca gct caggata ttgatctggit gaccalagcta 78O 

tatgctgaaa Cacatcaggt caactggat gatcc.gctga titt Caccgac Ctatggtgaa 84 O 

Ctgaagaatc. tcc.gc.ctgc ctatgtgatt accgc.ccgt.c atgatgtgtt gcatgatgag 9 OO 

ggttcaat ct atgcgctgaa gttacgtgag aatggggtgc gagtgtatta t caggagtat 96.O 

acggat cagg cccacggttt tat caatctg accc.caattic ataaacgttc gaaaaag cag 1 O2O 

gtcattgaac toagcaagaa titt cogtaaa titcctggata aaaagatctg a 1071 

<210 SEQ ID NO 2 O 
<211 LENGTH: 356 
&212> TYPE: PRT 
<213> ORGANISM: Unknown 
&220s FEATURE: 

<223> OTHER INFORMATION: Obtained from environmental sample 

<4 OO SEQUENCE: 2O 

Met Gly Ala Asn Asn Pro Val Thr Llys Phe Val Met Asp Lys Gly Glin 
1. 5 1O 15 

Gly. Thir Ala Ala Arg Lieu. Lieu. Asp Cys Lieu Pro Ser Phe Ala Glin Glu 
2O 25 3O 

Arg Lieu Val Lys Ala Lieu. Asp Tyr Pro Tyr Asp Tyr Pro Asp Lieu. Asp 
35 4 O 45 

Pro Tyr Ile Lys Cys Lieu Met Ala Ile Glin Ile Lys Glin Gly Glu. His 
SO 55 6 O 

Ser Phe Ile Ser Ala Asp Ala Val Glin Ser Arg Glin Lieu. Phe Asp Glu 
65 70 7s 8O 

Arg Met Lys Ala Ile Glin Ala Lys Pro Thr Pro Wall Lys Ala Val Glu 
85 90 95 

Asp Lieu. Arg Lieu Pro Lieu. Glin Asn Gly. Thir Ile Phe Ala Arg His Tyr 
1OO 105 11 O 

His Pro Ala Pro Gln Lys Llys Lieu Pro Met Val Ile Phe Tyr His Gly 
115 12 O 125 

Gly Ala Phe Ile Val Gly Gly Lieu. Asp Thir His Asp Glu Phe Cys Arg 
13 O 135 14 O 

Lieu. Lieu Ala Wal His Ala Lys Val Glin Val Lieu. Ser Val Ala Tyr Pro 
145 150 155 160 

Lieu. Thr Pro Glu Tyr Ser Pro Leu Gln Met Val Glin Val Cys Glu Asp 
1.65 17O 17s 

Ala Lieu Ala Trp Val His Glin Asn. Ile Lys Glin Lieu Lys Ile Tyr Lys 
18O 185 19 O 

Asn Glin Ile Val Val Ala Gly Asp Ser Ala Gly Gly Asn Lieu Ala Ala 
195 2OO 2O5 

Val Val Ala Glin Arg Ser Ala Asp Llys Ile Tyr Ala Pro Arg Ala Glin 
21 O 215 22O 
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Lieu. Lieu. Lieu. Tyr Pro Ala Val Asp Phe Llys Ser Arg His Pro Ser Phe 
225 23 O 235 24 O 

Tyr Ala Tyr Asn. Glin Gly Lieu Val Lieu. Ser Ala Glin Asp Ile Asp Lieu. 
245 250 255 

Val Thir Lys Lieu. Tyr Ala Glu Thir His Glin Val Glu Lieu. Asp Asp Pro 
26 O 265 27 O 

Lieu. Ile Ser Pro Thr Tyr Gly Glu Lieu Lys Asn Lieu Pro Pro Ala Tyr 
27s 28O 285 

Val Ile Thir Ala Arg His Asp Val Lieu. His Asp Glu Gly Ser Ile Tyr 
29 O 295 3 OO 

Ala Lieu Lys Lieu. Arg Glu Asn Gly Val Arg Val Tyr Tyr Glin Glu Tyr 
3. OS 310 315 32O 

Thir Asp Glin Ala His Gly Phe Ile Asn Lieu. Thr Pro Ile His Lys Arg 
3.25 330 335 

Ser Lys Lys Glin Val Ile Glu Lieu. Ser Lys Asn. Phe Arg Llys Phe Lieu. 
34 O 345 35. O 

Asp Llys Lys Ile 
355 

<210 SEQ ID NO 21 
<211 LENGTH: 1127 
&212> TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 21 

aaaaaaagta aagaaaagaa aaactaataa agaacaaaaa aaatgtc.ctic ttctt catca 6 O 

agaaacgcct ttgaagatgg caaatacaaa toaaatctot taaccttgga ct catcatct 12 O 

cgttgctgca aaataacacc gtc.ttctaga gctt caccgt citcc.gc.caaa goagctgttg 18O 

gtggctacgc cggtggagga aggagatt at CC9gtggtga tigctic ct coa tigttacctt 24 O 

citctacaact c cttct attc. tcagottatgttgcatgtct cittct catgg citt catcctic 3OO 

atcgct cotc agittatatag tat cqc.cgga ccagacacaa toggatgagat taaatcaacg 360 

gcggagatta tigattggitt at Cagtagga Cittaatc act ttctt coagc gcaagta aca 42O 

c caaac citat coaaatttgc cct ct coggc catagocgcg gtggcaaaac cqcgtttgcg 48O 

gtc.gc.cittaa agaaatttgg gtact cotcg aatctaaaga t ct coacatt gatcggtata 54 O 

gatcCagt cq atggaac agg gaaagggaala caaac cc ctic Ctc.cggtgtt ggcttacctt 6OO 

ccaaactic at ttgacctaga caaaacgcct at acttgttga t cqgttctggg gcttggtgaa 660 

accoct cqga acc cattatt cocaccgtgt gcacctic ccg gag tdaatca cc.gagagttc 72 O 

titt.cgggaat gtcaaggit co agcatggc at titcgttgcga aggattatgg gcatttggac 78O 

atgcttgatg atgatacaaa agggattaga gggaagagtt Ctt attgttt gtgtaagaat 84 O 

ggtgaagaga ggagaccalat gaggagattic gttggtggac ttgttgt at C atttittgaag 9 OO 

gctt atttgg aaggagatga t cqtgaatta gttaagat.ca aagatgggtg tcacgaggat 96.O 

gttc.ccgttgaaattcaaga gtttgaggitt at catgtaaa cataagttitt totttagggg 1 O2O 

ctggitttitt c tattgtcaat atcat cagct tttgttgctt atggittttac aaacttatat 108 O 

tgtacaactic tittaagttcac ct ctittgctt atgat attaa ccc.gatc 1127 

<210 SEQ ID NO 22 
<211 LENGTH: 318 
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&212> TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OO SEQUENCE: 22 

Met Ser Ser Ser Ser Ser Arg Asn Ala Phe Glu Asp Gly Lys Tyr Lys 
1. 5 1O 15 

Ser Asn Lieu. Lieu. Thir Lieu. Asp Ser Ser Ser Arg Cys Cys Lys Ile Thr 
2O 25 3O 

Pro Ser Ser Arg Ala Ser Pro Ser Pro Pro Lys Gln Lieu. Leu Val Ala 
35 4 O 45 

Thr Pro Val Glu Glu Gly Asp Tyr Pro Val Val Met Leu Lieu. His Gly 
SO 55 6 O 

Tyr Lieu. Leu Tyr Asn Ser Phe Tyr Ser Glin Leu Met Lieu. His Val Ser 
65 70 7s 8O 

Ser His Gly Phe Ile Lieu. Ile Ala Pro Glin Leu Tyr Ser Ile Ala Gly 
85 90 95 

Pro Asp Thr Met Asp Glu Ile Llys Ser Thr Ala Glu Ile Met Asp Trp 
1OO 105 11 O 

Lieu. Ser Val Gly Lieu. Asn His Phe Leu Pro Ala Glin Val Thr Pro Asn 
115 12 O 125 

Lieu. Ser Llys Phe Ala Lieu. Ser Gly His Ser Arg Gly Gly Lys Thr Ala 
13 O 135 14 O 

Phe Ala Val Ala Lieu Lys Llys Phe Gly Tyr Ser Ser Asn Lieu Lys Ile 
145 150 155 160 

Ser Thr Lieu. Ile Gly Ile Asp Pro Val Asp Gly Thr Gly Lys Gly Lys 
1.65 17O 17s 

Gln Thr Pro Pro Pro Val Lieu Ala Tyr Lieu Pro Asn Ser Phe Asp Leu 
18O 185 19 O 

Asp Llys Thr Pro Ile Lieu Val Ile Gly Ser Gly Lieu. Gly Glu Thir Ala 
195 2OO 2O5 

Arg Asn Pro Leu Phe Pro Pro Cys Ala Pro Pro Gly Val Asn His Arg 
21 O 215 22O 

Glu Phe Phe Arg Glu. Cys Glin Gly Pro Ala Trp His Phe Val Ala Lys 
225 23 O 235 24 O 

Asp Tyr Gly His Lieu. Asp Met Lieu. Asp Asp Asp Thir Lys Gly Ile Arg 
245 250 255 

Gly Lys Ser Ser Tyr Cys Lieu. Cys Lys Asn Gly Glu Glu Arg Arg Pro 
26 O 265 27 O 

Met Arg Arg Phe Val Gly Gly Lieu Val Val Ser Phe Lieu Lys Ala Tyr 
27s 28O 285 

Lieu. Glu Gly Asp Asp Arg Glu Lieu Val Lys Ile Lys Asp Gly Cys His 
29 O 295 3 OO 

Glu Asp Val Pro Val Glu Ile Glin Glu Phe Glu Val Ile Met 
3. OS 310 315 

<210 SEQ ID NO 23 
<211 LENGTH: 1157 
&212> TYPE: DNA 

<213> ORGANISM: Ginkgo biloba 

<4 OO SEQUENCE: 23 

ttgaaaaa.ca aaaacgaaga agatgaactic agtacttgca cacagcc at C ggc catggitt 6 O 

ttagtgaagg atgtgttcag cqaaggtoct ttacctgttcaaatcct cqc aattic cacaa 12 O 
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gccaact cat citc catgctic aaaattagca gacaaaaacg gaactgcaac cacgc ctitct 18O 

ccttgtcggc ctic ctaaacc cct gctgatc gct ct tcctt cccaa.catgg agattatcct 24 O 

ct catcct ct tttitccacgg c tatgtactic ct caatticct tct attctica act cittgcgc 3OO 

catgttgctt cocatggata catcgc.cata gct cotcaga tigtacagtgt aattggcc.ca 360 

aatacgactic Cagaaatagc cgatgcagcg gcc attacag actggittacg agatggactic 42O 

tcqgataatc titcc.gcaa.gc tittaaacaat catgtgaggc ccaattittga gaaatttgttg 48O 

Ctagcggggg act cqc.gcgg ggg taaagtg gcatttgcac ttgcc ct agg tdgagtict cq 54 O 

Cagc catctt taaagtactic ggc ccttgta ggt Cttgatc cagtic gatgg aatgggaaaa 6OO 

gatcaacaaa ccagt catcc tattotgtca tacagagagc attcc tittga tittggg tatg 660 

cCaacattag tdtaggttc gggcctgggit ccgtgcaaaa gaaac cct ct ctitcc ct coc 72 O 

tgtgct cocc aaggtgttaa ccaccatgat ttcttctacg aatgtgtc.gc. tcc tigccitat 78O 

cattttgttg cct ctdatta togggcatctt gattt cittag acgacgacac caaaggaata 84 O 

agaggaaagg Ctactt attg cct ctgtaag aatggggaag caa.gaga.gcc aatgcggaag 9 OO 

tittagcggtg gaattgttggit to atttctt Caagcatttic ttggtgataa ticgtggagcc 96.O 

ctgaatgata t tatggittta t cctt cacat gct coagtica agattgagcc ticcagagt ct 1 O2O 

ttggittacag aagatgtaaa at CCC cagaa gtcga attat tacgc.cgggc agtttgcaga 108 O 

tgatgtacca togg tattatg cattaaagga atgitatttgt tattaaaaaa at attaagaa 114 O 

gtaaaaaaaa aaaaaaa 1157 

<210 SEQ ID NO 24 
<211 LENGTH: 342 
&212> TYPE: PRT 

<213> ORGANISM: Ginkgo biloba 

<4 OO SEQUENCE: 24 

Met Val Lieu Val Lys Asp Val Phe Ser Glu Gly Pro Leu Pro Val Glin 
1. 5 1O 15 

Ile Lieu Ala Ile Pro Glin Ala Asn. Ser Ser Pro Cys Ser Lys Lieu Ala 
2O 25 3O 

Asp Lys Asn Gly Thr Ala Thir Thr Pro Ser Pro Cys Arg Pro Pro Llys 
35 4 O 45 

Pro Lieu. Lieu. Ile Ala Lieu Pro Ser Glin His Gly Asp Tyr Pro Lieu. Ile 
SO 55 6 O 

Lieu. Phe Phe His Gly Tyr Val Lieu. Lieu. Asn Ser Phe Tyr Ser Gln Leu 
65 70 7s 8O 

Lieu. Arg His Val Ala Ser His Gly Tyr Ile Ala Ile Ala Pro Glin Met 
85 90 95 

Tyr Ser Val Ile Gly Pro Asn. Thir Thr Pro Glu Ile Ala Asp Ala Ala 
1OO 105 11 O 

Ala Ile Thir Asp Trp Lieu. Arg Asp Gly Lieu. Ser Asp Asn Lieu Pro Glin 
115 12 O 125 

Ala Lieu. Asn. Asn His Val Arg Pro Asn. Phe Glu, Llys Phe Val Lieu Ala 
13 O 135 14 O 

Gly His Ser Arg Gly Gly Llys Val Ala Phe Ala Lieu Ala Lieu. Gly Arg 
145 150 155 160 

Val Ser Glin Pro Ser Lieu Lys Tyr Ser Ala Lieu Val Gly Lieu. Asp Pro 
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1.65 17O 17s 

Val Asp Gly Met Gly Lys Asp Glin Gln Thr Ser His Pro Ile Leu Ser 
18O 185 19 O 

Tyr Arg Glu. His Ser Phe Asp Leu Gly Met Pro Thr Lieu Val Val Gly 
195 2OO 2O5 

Ser Gly Lieu. Gly Pro Cys Lys Arg Asn Pro Leu Phe Pro Pro Cys Ala 
21 O 215 22O 

Pro Glin Gly Val Asn His His Asp Phe Phe Tyr Glu. Cys Val Ala Pro 
225 23 O 235 24 O 

Ala Tyr His Phe Val Ala Ser Asp Tyr Gly His Lieu. Asp Phe Lieu. Asp 
245 250 255 

Asp Asp Thir Lys Gly Ile Arg Gly Lys Ala Thr Tyr Cys Lieu. Cys Llys 
26 O 265 27 O 

Asn Gly Glu Ala Arg Glu Pro Met Arg Llys Phe Ser Gly Gly Ile Val 
27s 28O 285 

Val Ala Phe Lieu. Glin Ala Phe Lieu. Gly Asp Asn Arg Gly Ala Lieu. Asn 
29 O 295 3 OO 

Asp Ile Met Val Tyr Pro Ser His Ala Pro Val Lys Ile Glu Pro Pro 
3. OS 310 315 32O 

Glu Ser Lieu Val Thr Glu Asp Wall Lys Ser Pro Glu Val Glu Lieu. Lieu. 
3.25 330 335 

Arg Arg Ala Val Cys Arg 
34 O 

<210 SEQ ID NO 25 
<211 LENGTH: 884 
&212> TYPE: DNA 
<213> ORGANISM: Brassica oleracea 

<4 OO SEQUENCE: 25 

acacaaaaaa atatataa.ca caaagaaata gaagaaggaa aaaatgtc.cc cct cotttct 6 O 

tittctt tact ttgtttittga taaaggaaat gtcct citt catcatcagcaa act cotttga 12 O 

ggacggcaaa tacaaaacag atcttittaac agtaggctta t catc.ttgct gctggaaaaa 18O 

gcc.ctic ct ct tct Cogactic cqcagtict Co gcc.gaagagg Cttittggtgg caacgc.cggit 24 O 

ggaggaagga gaatat Cogg ttgatgct cct coatggit tacct tctict acaact catt 3OO 

ttatt cocag cittatgttgc atgtc.t.ct tcc catggctitc attgtcatcg citcc.gcagtt 360 

at at agcatt gcc.ggaccag acaccatgga tigagataaaa t caacggcag agattattga 42O 

ttggittatcq gtcggactaa accactittct tccaccacaa gtaacaccala accitat coaa 48O 

gttctgcactic ticcggc cata gcc.gtggtgg galagaccgca tttgccttgg cct taaagaa 54 O 

atttggatac togtocgacc taaagatcto ggcattgata ggtatagatgttggaactgt 6OO 

tttittggaca aatggctato go caatatt c cqgtgaattt titcgagcaat ttgattgtcg 660 

aaatgaccgg attgttggaat cqtaggattic attgttatga gCactatggit at agtgtaat 72 O 

catatat caa aaacgaagtt cqtttgaatg agaaatgaaa gtctaaaata gattatttgt 78O 

aaaatat cita tattagaatt atgaggtaag aaacct cittg togtttaaaat ggagaagtta 84 O 

taacaaagtt ataaaaaact ttgtaaacaa tittggtgtgt tagc 884 

<210 SEQ ID NO 26 
<211 LENGTH: 213 
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&212> TYPE: PRT 
<213> ORGANISM: Brassica oleracea 

<4 OO SEQUENCE: 26 

Met Ser Pro Ser Phe Leu Phe Phe Thr Lieu. Phe Lieu. Ile Lys Glu Met 
1. 5 1O 15 

Ser Ser Ser Ser Ser Ala Asn Ser Phe Glu Asp Gly Lys Tyr Lys Thr 
2O 25 3O 

Asp Lieu. Lieu. Thr Val Gly Lieu. Ser Ser Cys Cys Trp Llys Llys Pro Ser 
35 4 O 45 

Ser Ser Pro Thr Pro Glin Ser Pro Pro Lys Arg Lieu. Leu Val Ala Thr 
SO 55 6 O 

Pro Val Glu Glu Gly Glu Tyr Pro Val Val Met Leu Lleu. His Gly Tyr 
65 70 7s 8O 

Lieu. Leu Tyr Asn Ser Phe Tyr Ser Gln Leu Met Lieu. His Val Ser Ser 
85 90 95 

His Gly Phe Ile Val Ile Ala Pro Gln Leu Tyr Ser Ile Ala Gly Pro 
1OO 105 11 O 

Asp Thr Met Asp Glu Ile Llys Ser Thr Ala Glu Ile Ile Asp Trp Lieu 
115 12 O 125 

Ser Val Gly Lieu. Asn His Phe Leu Pro Pro Glin Val Thr Pro Asn Lieu. 
13 O 135 14 O 

Ser Llys Phe Ala Lieu. Ser Gly His Ser Arg Gly Gly Llys Thr Ala Phe 
145 150 155 160 

Ala Lieu Ala Lieu Lys Llys Phe Gly Tyr Ser Ser Asp Lieu Lys Ile Ser 
1.65 17O 17s 

Ala Lieu. Ile Gly Ile Asp Val Gly Thr Val Phe Trp Thr Asn Gly Tyr 
18O 185 19 O 

Gly Glin Tyr Ser Gly Glu Phe Phe Glu Glin Phe Asp Cys Arg Asn Asp 
195 2OO 2O5 

Arg Ile Val Glu Ser 
21 O 

<210 SEQ ID NO 27 
<211 LENGTH: 329 
&212> TYPE: PRT 
<213> ORGANISM: Citrus Sinensis 

<4 OO SEQUENCE: 27 

Met Ala Ala Met Val Asp Ala Lys Pro Ala Ala Ser Val Glin Gly. Thir 
1. 5 1O 15 

Pro Leu Lleu Ala Thr Ala Thr Lieu Pro Val Phe Thr Arg Gly Ile Tyr 
2O 25 3O 

Ser Thr Lys Arg Ile Thr Lieu. Glu Thir Ser Ser Pro Ser Ser Pro Pro 
35 4 O 45 

Pro Pro Llys Pro Lieu. Ile Ile Val Thr Pro Ala Gly Lys Gly Thr Phe 
SO 55 6 O 

Asn Val Ile Leu Phe Lieu. His Gly Thr Ser Leu Ser Asn Llys Ser Tyr 
65 70 7s 8O 

Ser Lys Ile Phe Asp His Ile Ala Ser His Gly Phe Ile Val Val Ala 
85 90 95 

Pro Gln Leu Tyr Thr Ser Ile Pro Pro Pro Ser Ala Thr Asn Glu Lieu. 
1OO 105 11 O 




















