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(57) Abregé/Abstract:
Ketol-acid reductoisomerase enzymes have been identified that provide high effectiveness in vivo as a step in an isobutanol
biosynthetic pathway In bacteria and In yeast. These KARIs are members of a clade identified through molecular phylogenetic

analysis called the SLSL Clade.

o
SSonEeAN S f
.l.!.\‘\-c.c..--.
y - h.l‘s_ .\I {\A '
. :\ -- ‘ \ ...

1:3': .&‘"'.
W CIPO

( l an a d a http://opic.ic.ge.ca* Ottawa/Gatineau K1A 0C9 - Atp.//cipo.dic.ge.ca o p1C
OPIC - CIPO 191




2011/041415 A1 [T AP A TG 0 0 R A AR

W

CA 02775892 2012-03-28

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
7 April 2011 (07.04.2011)

(10) International Publication Number

WO 2011/041415 Al

(51)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

International Patent Classification:

C12P 7/16 (2006.01) CI2N 15/52 (2006.01)
C12P 7/42 (2006.01) CI2N 1/16 (2006.01)
CI2N 9/04 (2006.01) CI2N 1/21 (2006.01)
CI2N 9/88 (2006.01)

International Application Number:
PCT/US2010/050724

International Filing Date:
29 September 2010 (29.09.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/246,844 29 September 2009 (29.09.2009) US

Applicant (for all designated States except US): BUTA-
MAX(TM) ADVANCED BIOFUELS LLC [US/US];
1007 Market Street, Wilmington, Delaware 19898 (US).

Inventors; and

Inventors/Applicants (for US only): NAGARAJAN,
Vasantha [US/US]; 702 Hopeton Road, Wilmington,
Delaware 19807 (US). PAUL, Brian, James [US/US];
115 Fairfax Boulevard, Wilmington, Delaware 19803
(US). SUH, Wonchul [US/US]; 8 Salina Court, Piersons
Ridge, Hockessin, Delaware 19707-9297 (US). TOMB,
Jean-Francois [US/US]; 627 Haverhill Road, Wilming-
ton, Delaware 19803 (US). YE, Rick, W. [US/US]; 27
Piersons Ridge, Hockessin, Delaware 19707 (US).

(74)

(81)

(84)

Agent: LHULIER, Christine, M.; E. 1. du Pont de
Nemours and Company, Legal Patent Records Center,
4417 Lancaster Pike, Wilmington, Delaware 19805 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, S8Y, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
/M, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time [imit for amending the

claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

with sequence listing part of description (Rule 5.2(a))

(54) Title: FERMENTIVE PRODUCTION OF ISOBUTANOL USING HIGHLY EFFECTIVE KETOL-ACID REDUCTOISO-
MERASE ENZYMES

(57) Abstract: Ketol-acid reductoisomerase enzymes have been 1dentified that provide high effectiveness in vivo as a

Figure 1

NH;

AN

NH,

2 H‘f* 20 N NH;;
2e . 2H

C d ’
- )\")LOH o )\n/ 3 . /l\‘

N Y o

H20 CO, 0 OH
HS- COA 2e"
2e 2H, i

HS-CoA

)ﬁrs-cm

O
S-CoA

step 1n an

1sobutanol biosynthetic pathway mn bacteria and in yeast. These KARIs are members of a clade identified through molecular phy-

o logenetic analysis called the SLSL Clade.



10

15

20)

25

30

WO 2011/041415

CA 02775892 2012-03-28

TITLE

FERMENTIVE PRODUCTION OF ISOBUTANOL USING HIGHLY
EFFECTIVE KETOL-ACID REDUCTOISOMERASE ENZYMES

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Provisional Patent
Application No. 61/246,844, filed on September 29, 2009, the entirety of

which Is herein incorporated by reference.

FIELD OF THE INVENTION

The invention relates to the field of industrial microbiology and
fermentation, specifically for production of isobutanol. More specifically,
ketol-acid reductoisomerase (KARI) enzymes were found that are highly
effective in an engineered isobutanol biosynthetic pathway for production
of iIsobutanol Iin lactic acid bacteria and yeast.

BACKGROUND OF THE INVENTION

Butanol is an important industrial chemical, useful as a fuel
additive, as a feedstock chemical in the plastics industry, and as a
foodgrade extractant in the food and flavor industry. Each year 10 to12
billion pounds of butanol are produced by petrochemical means and the
need for this commodity chemical will likely increase.

Microorganisms have been engineered to produce butanols by
expressing butanol biosynthetic pathways. Pathways for biosynthesis of
iIsobutanol are disclosed in US Patent Publication No. US 20070092957 .
To obtain commercially viable production of isobutanol, a very efficient
iIsobutanol pathway is needed. The second step of the pathway Is
catalyzed by ketol-acid reductoisomerase (KARI), which converts
acetolactate to dihydroxy-isovalerate. KARI enzymes with high activity
and use of these enzymes In an isobutanol biosynthetic pathway have
been disclosed in US Patent Publication No. US20080261230A1.

There remains a need to further improve the step of converting

acetolactate to dihydroxy-isovalerate in a microorganism that is

PCT/US2010/050724
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engineered with an isobutanol biosynthetic pathway, to maximize

production of isobutanol.

SUMMARY OF THE INVENTION

The invention provides microbial host cells that express a ketol-acid
reductoisomerase (KARI) enzyme that provides highly effective conversion
of acetolactate to dihydroxy-isovalerate in vivo such that more isobutanol
IS produced in a host cell having an engineered isobutanol biosynthetic
pathway. The highly effective KARIs are in a molecular phylogenetic
grouping that includes the Lactococcus lactis and Streptococcus mutans
KARIS.

In one aspect of the invention, a yeast cell comprising at least one
nucleic acid molecule encoding a polypeptide having ketol-acid
reductoisomerase activity wherein said polypeptide is a member of the
SLSL Clade of KARIs, is provided. In one another aspect the yeast cell is
a member of a genus of yeast selected from the group consisting of
Saccharomyces, Schizosaccharomyces, Hansenula, Candida,
Kluyveromyces, Yarrowia and Pichia.

In another aspect said SLSL Clade consists of ketol-acid
reductoisomerases that are endogenous to bacteria selected from the
group consisting of Staphylococcus, Listeria, Enterococcus, Macrococcus,
Streptococcus, Lactococcus, Leuconostoc, Lactobacillus.

In another aspect the polypeptide having ketol-acid
reductoisomerase activity has an amino acid sequence that is at least
about 80% identical to a sequence selected from the group consisting of
SEQ ID NOs:2,4,6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, and 245.

Another aspect of the invention is an isobutanol producing microbial
cell comprising at least one nucleic acid molecule encoding a polypeptide
having ketol-acid reductoisomerase activity wherein said polypeptide is a
member of the SLSL Clade of KARISs.

In another aspect said microbial cell is a bacteria cell of a genus
selected from the group consisting of Escherichia, Rhodococcus,

Pseudomonas, Bacillus, Enterococcus, Lactococcus, Lactobacillus,
2
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[ euconostoc, Oenococcus, Pediococcus, Streptococcus, Clostridium,
Zymomonas, Salmonella, Pediococcus, Alcaligenes, Klebsiella,

Paenibacillus, Arthrobacter, Corynebacterium, and Brevibacterium.

In another aspect, a method for converting acetolactate to
dihydroxy-isovalerate is provided, said method comprising:

a) providing a yeast cell comprising at least one nucleic acid

molecule encoding a polypeptide having ketol-acid

reductoisomerase activity wherein said polypeptide is a member of

the SLSL Clade of KARIs; and

D) contacting the yeast cell of (a) with acetolactate wherein 2,3-

dihydroxy-isovalerate is produced.

In another aspect, a method for the production of isobutanol is
provided, said method comprising:

a) providing a microbial cell comprising an isobutanol

biosynthetic pathway comprising at least one nucleic acid molecule

encoding a polypeptide having ketol-acid reductoisomerase activity

wherein said polypeptide is a member of the SLSL Clade of KARIS;

b) growing the microbial cell of step (a) under conditions wherein

iIsobutanol is produced.

Also provided herein are yeast cells engineered to have at least one
pyruvate decarboxylase gene inactivated and comprising a plasmid having
the coding regions of a plasmid selected from the group consisting of SEQ
ID NO: 198, 203, 204, 208, or 211 and those with coding regions having at
least about 80%, at least about 90%, at least about 95%, or at least about
99% identity to the coding regions of a plasmid selected from the group
consisting of SEQ ID NO: 198, 203, 204, 208, or 211. Also provided are
yeast cells engineered to have at least one pyruvate decarboxylase gene
Inactivated and comprising a plasmid having the chimeric genes of a
plasmid selected from the group consisting of SEQ ID NO: 198, 203, 204,
208, or 211 and those with chimeric genes with at least about 80% at least
about 85%, at least about 90%, at least about 95%, or at least about 99%

identity to the chimeric genes of a plasmid selected from the group
3
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consisting of SEQ ID NO: 198, 203, 204, 208, or 211. Also provided are
plasmids having the sequence of SEQ ID NO: 198, 203, 204, 208, or 211
and those with at least about 80%, at least about 90%, at least about 95%,

or at least about 99% identity.

BRIEF DESCRIPTION OF THE DRAWINGS

The various embodiments of the invention can be more fully
understood from the following detailed description, the figures, and the
accompanying sequence descriptions, which form a part of this
application.

Figure 1 shows three different isobutanol biosynthetic pathways.

Figure 2 shows a molecular phylogenetic tree of KARIs including
0667 sequences with a 95% sequence identity cut-off. The symbols outside
of the circle mark the SLSL Clade.

Figure 3 shows a portion of the phylogenetic tree of Figure 2 that
Includes the SLSL Clade of KARI sequences. Diamonds mark members of
the order Lactobacillales and circles mark members of the order Bacillales.
A species representing the 95% identity group for each sub-branch is
listed in the key.

Figure 4 shows a graph of the growth curves of isobutanol
producing yeast with different KARI enzymes. SYK: single yeast ILV5;
SLK: single L. lactis llvC; SPK: single Pf-5 ilvC.

Figure 5 shows a graph of isobutanol titers for isobutanol producing
yeast with different KARI enzymes. SYK: single yeast ILVS; SLK: single
L.Lactis llvC; SPK: single Pf-5 ilvC.

The invention can be more fully understood from the following
detailed description and the accompanying sequence descriptions which
form a part of this application.

The following sequences conform with
37 C.F.R. 1.821-1.825 ("Requirements for Patent Applications Containing
Nucleotide Sequences and/or Amino Acid Sequence Disclosures - the
Sequence Rules”) and are consistent with World Intellectual Property

Organization (WIPQO) Standard ST.25 (1998) and the sequence listing
4
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requirements of the EPO and PCT (Rules 5.2 and 49.5(a-bis), and

Section 208 and Annex C of the Administrative Instructions). The symbols

and format used for nucleotide and amino acid sequence data comply with

the rules set forth in 37 C.F.R. §1.822.

Table 1. SEQ ID numbers of Coding Regions and Proteins for highly

effective KARIs

Description SEQ ID NO: | SEQ ID NO:
Nucleic acid | Amino acid

Staphylococcus capitis SK14 1 2
Staphylococcus epidermidis M23864-W1 3 4
Staphylococcus hominis SK119 244 245
Staphylococcus aureus subsp. aureus TCH130 5 0
Staphylococcus warneri L37603 / 3
Staphylococcus epidermidis W23144 9 10
Staphylococcus saprophyticus subsp. 11 12
Saprophyticus ATCC15305
Staphylococcus carnosus subsp. Carnosus 13 14
TM300
Listeria monocytogenes EGD-e 15 16
Listeria grayi DSM 20601 17 18
Enterococcus casseliflavus EC30 19 20
Enterococcus gallinarum EGZ2 2 22
Macrococcus caseolyticus JCSC5402 23 24
Streptococcus vestibularis 25 20
Streptococcus mutans UA159 27 28
Streptococcus gordonii str, cgakkus sybstr. CH1T 29 30
Streptococcus suis 89/1591 31 32
Streptococcus infantarius subsp. infantarius ATCC 33 34
BAA-102
[actococcus lactis subsp cremoris MG1363 35 36
Lactococcus lactis 37 38
[euconostoc mesenteroides subsp mesenteroides 39 40
ATCC8293
Lactobacillus buchneri ATCC 11577 41 42
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Staphylococcus haemolyticus JCSC1435 43 44
Staphylococcus epidermidis ATCC12228 45 46
Streptococcus pneumoniae CGSP14 47 48
Streptococcus pneumoniae TIGR4 49 50
Streptococcus sanguinis SK36 51 52
Streptococcus salivarius SK126 53 54
Streptococcus thermophilus LMD-9 55 56
Streptococcus pneumoniae CCRI 1974M2 57 53
[actococcus lactis subsp. lactis 111403 59 60
[ euconostoc mesenteroides subsp cremoris 01 62
ATCC19254
[ euconostoc mesenteroides subsp cremoris 63 64
[ actobacillus brevis subsp. gravesensis 65 66
ATCC273056
Lactococcus lactis subsp lactis NCDOZ2118 67 63

Table 2 SEQ ID NOs of expression coding regions and proteins

Description SEQ ID NO: | SEQ ID NO:
nucleic acid | amino acid

ALS from Bacillus subtilis 09 70
ALS from Bacillus subtilis coding region 71 70*
optimized for Lactobacillus plantarum
ALS from Klebsiella pneumoniae (budB) {2 73
ALS from Lactococcus lactis 74 75
ALS from Staphylococcus aureus I4¢ 77
ALS from Listeria monocytogenes /8 79
ALS from Streptococcus mutans 30 31
ALS from Streptococcus thermophilus 382 33
ALS from Vibrio angustum 34 35
ALS from Bacillus cereus 30 37
KARI from Pseudomonas fluorescens ilvC
- 38 89
KARI from Pseudomonas fluorescens ilvC ,
PF5 codon optimized for L. plantarum ” >
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KARI from Pseudomonas fluorescens ilvC o -
PF5 codon optimized for S. cerevisiae
KARI from Saccharomyces cerevisiae ILV3 92 93
DHAD from Lactococcus lactis ilvD 94 95
DHAD from Streptococcus mutans ilvD 96 97
DHAD from Saccharomyces cerevisiae

98 99
ILV3
branched chain keto acid decarboxylase

100 101
from Lactococcus lactis kivD
[ actococcus lactis kivD opt for L. plantarum 102 101"
secondary alcohol dehydrogenase from

| 103 104

Achromobacter xylosoxidans sadB
A. xylosoxidans sadB opt for L. plantarum 105 104~
Horse liver alcohol dehydrogenase ADH ‘na 107
codon optimized for S. cerevisiae
I'nd transposase 108 109

* same protein sequence encoded by native and optimized sequence

SEQ ID NO:110 is the sequence of plasmid pFP996.

5 SEQ ID NOs:111-121. 123-1206, 130, 131, 133, 134, 136-141, 143-
148, 151-154, 156-139, 161-163, 1695, 166, 1638, 170-173, 177-181, 186-
197, 199- 202, 205, 206, 209, 210, 213-222, 224-243 are PCR and

sequencing primers.
SEQ ID NO:122 is the sequence of pyrF.

10 SEQ ID NO:127 is a ribosome binding site (RBS).
SEQ ID NO:128 Is the sequence of plasmid pDM20-ilvD(L. lactis).

SEQ ID NO:129 is the sequence of plasmid pDM1.

SEQ ID NO:132 is the sequence of a PCR fragment including a
RBS and ilvD coding region from Lactococcus lactis.
15 SEQ ID NO:135 is a right homologous arm DNA fragment

containing the 5 portion of the suf operon (sufC and part of sufD).

SEQ ID NO:142 is a left homologous arm DNA fragment containing

the native suf promoter and sequences upstream into the feoBA operon.

[4
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SEQ ID NO:149 is the sequence of plasmid pTNG.

SEQ ID NO:150 is the sequence of a TnSIE-loxP-cm-Pspac-loxP
cassette.

SEQ ID NO:155 is the Pnpr promoter.

SEQ ID NO:160 is a Pnpr-tnp fusion DNA fragment.

SEQ ID NO:164 is a PgroE promoter sequence.

SEQ ID NO:167 i1s a PCR fragment containing the kivD(o) coding
region together with a RBS.

SEQ ID NO:169 a DNA fragment containing an RBS and sadB(0)
coding region.

SEQ ID NO:174 is the sequence of plasmid pFP352.

SEQ ID NO:175 is the sequence of plasmid pDMS5.

SEQ ID NO:176 is a lacl-PgroE/lacO fragment.

SEQ ID NO:182 is the sequence of plasmid pDM5-PldhL1-ilvC(L.
lactis).

SEQ ID NO:183 is a DNA fragment including a RBS and coding
region for PF5-ilvC codon optimized for L. plantarum expression.

SEQ ID NO:184 is the sequence of plasmid pFP996-PIdhL1.

SEQ ID NO:185 is a PldhL1-ilvC(P. fluorescens PF5) DNA
fragment.

SEQ ID NO:198 is the sequence of plasmid pYZ090.

SEQ ID NO:203 is the sequence of plasmid pLH475-llvC (L. lactis).

SEQ ID NO:204 is the sequence of plasmid pYZ091.

SEQ ID NO:207 is the sequence of plasmid pLH532.

SEQ ID NO:208 is the sequence of plasmid pYZ058.

SEQ ID NO:211 Is the sequence of plasmid pYZ067.

SEQ ID NO:212 is the sequence of the pUC19-URAJr vector.

SEQ ID NO:223 is the sequence of the ilvD-FBA1t fragment.

DETAILED DESCRIPTION

The present invention relates to recombinant microbial host cells
engineered for improved production of isobutanol. Isobutanol is an
Important compound for use In replacing fossil fuels.

The following abbreviations and definitions will be used for the

Interpretation of the specification and the claims.
3
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As used herein, the terms “comprises,” “comprising,” “includes,”

“Including,” "has,” "having,” “contains” or “containing,” or any other
variation thereof, are intended to cover a non-exclusive inclusion. For
example, a composition, a mixture, process, method, article, or apparatus
that comprises a list of elements Is not necessarily limited to only those
elements but may include other elements not expressly listed or inherent
to such composition, mixture, process, method, article, or apparatus.
Further, unless expressly stated to the contrary, “or” refers to an inclusive
or and not to an exclusive or. For example, a condition A or B Is satisfied
by any one of the following: A is true (or present) and B is false (or not
present), A is false (or not present) and B Is true (or present), and both A
and B are true (or present).

Also, the indefinite articles "a” and "an” preceding an element or
component of the invention are intended to be nonrestrictive regarding the
number of instances (i.e. occurrences) of the element or component.
Therefore “a” or “an” should be read to include one or at least one, and the
singular word form of the element or component also includes the plural
unless the number Is obviously meant to be singular.

The term “invention” or “present invention” as used herein is a non-
limiting term and is not intended to refer to any single embodiment of the
particular invention but encompasses all possible embodiments as
described in the specification and the claims.

As used herein, the term "about” modifying the quantity of an
iIngredient or reactant of the invention employed refers to variation in the
numerical quantity that can occur, for example, through typical measuring
and liquid hanaling procedures used for making concentrates or use
solutions in the real world; through inadvertent error in these procedures;
through differences in the manufacture, source, or purity of the ingredients
employed to make the compositions or carry out the methods; and the like.
The term "about” also encompasses amounts that differ due to different
equilibrium conditions for a composition resulting from a particular initial
mixture. Whether or not modified by the term "about”, the claims include

equivalents to the quantities. In one embodiment, the term "about™ means
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within 10% of the reported numerical value, preferably within 5% of the
reported numerical value.

The term “isobutanol biosynthetic pathway” refers to an enzyme
pathway to produce isobutanol from pyruvate.

The term "SLSL Clade” refers to a branch of KARI sequences that
was identified through molecular phylogenetic analysis that includes
KARIs from Staphylococcus, Listeria, Streptococcus, Lactococcus,

[ euconostoc, Enterococcus, Macrococcus, and Lactobacillus. Figures 1
and 2 show the relationship of the SLSL Clade to other KARIs and the
SLSL Clade itself, respectively.

The term “carbon substrate” or “fermentable carbon substrate”
refers to a carbon source capable of being metabolized by host organisms
of the present invention and particularly carbon sources selected from the
group consisting of monosaccharides, oligosaccharides, and
polysaccharides.

The term "gene” refers to a nucleic acid fragment that is capable of
being expressed as a specific protein, optionally including regulatory
sequences preceding (5' non-coding sequences) and following (3" non-
coding sequences) the coding sequence. "Native gene” refers to a gene
as found In nature with its own regulatory sequences. “Chimeric gene”
refers to any gene that is not a native gene, comprising regulatory and
coding sequences that are not found together in nature. Accordingly, a
chimeric gene may comprise regulatory sequences and coding sequences
that are derived from different sources, or regulatory sequences and
coding sequences derived from the same source, but arranged in a
manner different than that found in nature. "Endogenous gene” refers to a
native gene in its natural location in the genome of an organism. A
“foreign gene” or “heterologous gene” refers to a gene not normally found
In the host organism, but that is introduced into the host organism by gene
transfer or iIs modified in some way from its native state such as to alter its
expression. Foreign genes can comprise native genes inserted into a non-
native organism, or chimeric genes. A "transgene” IS a gene that has

been introduced Iinto the genome by a transformation procedure.

10
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As used herein the term “coding region” refers to a DNA sequence
that codes for a specific amino acid sequence. “Suitable regulatory
sequences” refer to nucleotide sequences located upstream (9" non-
coding sequences), within, or downstream (3' non-coding sequences) of a
coding sequence, and which influence the transcription, RNA processing
or stabllity, or translation of the associated coding sequence. Regulatory
sequences may include promoters, translation leader sequences, introns,
polyadenylation recognition sequences, RNA processing sites, effector
bindings site and stem-loop structures.

The term “promoter” refers to a DNA sequence capable of
controlling the expression of a coding sequence or functional RNA. In
general, a coding sequence is located 3' to a promoter sequence.
Promoters may be derived In their entirety from a native gene, or be
composed of different elements derived from different promoters found in
nature, or even comprise synthetic DNA segments. It is understood by
those skilled in the art that different promoters may direct the expression
of a gene In different tissues or cell types, or at different stages of
development, or in response to different environmental or physiological
conditions. Promoters which cause a gene to be expressed in most cell
types at most times are commonly referred to as “constitutive promoters”.
It is further recognized that since in most cases the exact boundaries of
regulatory sequences have not been completely defined, DNA fragments
of different lengths may have identical promoter activity.

The term “operably linked” refers to the association of nucleic acid
sequences on a single nucleic acid fragment so that the function of one is
affected by the other. For example, a promoter Is operably linked with a
coding sequence when It is capable of effecting the expression of that
coding sequence (l.e., that the coding sequence is under the
transcriptional control of the promoter). Coding sequences can be
operably linked to regulatory sequences in sense or antisense orientation.

The term “expression”, as used herein, refers to the transcription
and stable accumulation of sense RNA (mMRNA). Expression may also

refer to translation of mMRNA into a polypeptide.

11
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As used herein the term “transformation” refers to the transfer of a
nucleic acid molecule into a host cell, which may be maintained as a
plasmid or integrated into the genome. Host cells containing the
transformed nucleic acid molecules are referred to as “transgenic” or
“‘recombinant” or “transformed” cells.

The terms "plasmid” and "vector" as used herein, refer to an extra
chromosomal element often carrying genes which are not part of the
central metabolism of the cell, and usually in the form of circular double-
stranded DNA molecules. Such elements may be autonomously
replicating sequences, genome integrating sequences, phage or other
nucleotide sequences that may be linear or circular, of a single- or double-
stranded DNA or RNA, derived from any source, in which a number of
nucleotide sequences have been joined or recombined into a unique
construction which is capable of introducing a promoter fragment and DNA
sequence for a selected gene product along with appropriate 3’
untranslated sequence into a cell.

As used herein the term “codon degeneracy’ refers to the nature In
the genetic code permitting variation of the nucleotide sequence without
affecting the amino acid sequence of an encoded polypeptide. The skilled
artisan is well aware of the “codon-bias” exhibited by a specific host cell in
usage of nucleotide codons to specify a given amino acid. Therefore,
when synthesizing a coding region for improved expression in a host cell,
it Is desirable to design the coding region such that its frequency of codon
usage approaches the frequency of preferred codon usage of the host cell.

The term “codon-optimized” as it refers to coding regions of nucleic
acid molecules for transformation of various hosts, refers to the alteration
of codons In the coding regions of the nucleic acid molecules to reflect the
typical codon usage of the host organism without altering the polypeptide
encoded by the DNA.

As used herein, an “isolated nucleic acid fragment” or “isolated
nucleic acid molecule” will be used interchangeably and will mean a
polymer of RNA or DNA that is single- or double-stranded, optionally

containing synthetic, non-natural or altered nucleotide bases. An isolated
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nucleic acid fragment in the form of a polymer of DNA may be comprised
of one or more segments of cDNA, genomic DNA or synthetic DNA.

A nucleic acid fragment is “hybridizable” to another nucleic acid
fragment, such as a cDNA, genomic DNA, or RNA molecule, when a
single-stranded form of the nucleic acid fragment can anneal to the other
nucleic acid fragment under the appropriate conditions of temperature and
solution ionic strength. Hybridization and washing conditions are well
known and exemplified in Sambrook, J., Fritsch, E. F. and Maniatis, T.
Molecular Cloning: A Laboratory Manual, 2™ ed., Cold Spring Harbor
Laboratory: Cold Spring Harbor, NY (1989), particularly Chapter 11 and
Table 11.1 therein (entirely incorporated herein by reference). The
conditions of temperature and ionic strength determine the “stringency” of
the hybridization. Stringency conditions can be adjusted to screen for
moderately similar fragments (such as homologous sequences from
distantly related organisms), to highly similar fragments (such as genes
that duplicate functional enzymes from closely related organisms).
Post-hybridization washes determine stringency conditions. One set of
preferred conditions uses a series of washes starting with 6X SSC, 0.5%
SDS at room temperature for 15 min, then repeated with 2X SSC, 0.5%
SDS at 45 °C for 30 min, and then repeated twice with 0.2X SSC, 0.5%
SDS at 50 °C for 30 min. A more preferred set of stringent conditions
uses higher temperatures in which the washes are identical to those
above except for the temperature of the final two 30 min washes in 0.2X
SSC, 0.5% SDS was increased to 60 °C. Another preferred set of highly
stringent conditions uses two final washes in 0.1X SSC, 0.1% SDS at 65
°C. An additional set of stringent conditions include hybridization at 0.1X
SSC, 0.1% SDS, 65 °C and washes with 2X SSC, 0.1% SDS followed by
0.1X SSC, 0.1% SDS, for example.

Hybridization requires that the two nucleic acids contain
complementary sequences, although depending on the stringency of the
hybridization, mismatches between bases are possible. The appropriate
stringency for hybridizing nucleic acids depends on the length of the
nucleic acids and the degree of complementarity, variables well known In

the art. The greater the degree of similarity or homology between
13
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two nucleotide sequences, the greater the value of Tm for hybrids of
nucleic acids having those sequences. The relative stability
(corresponding to higher Tm) of nucleic acid hybridizations decreases In
the following order: RNA:RNA, DNA:RNA, DNA:DNA. For hybrids of
greater than 100 nucleotides in length, equations for calculating Tm have
been derived (see Sambrook et al., supra, 9.50-9.51). For hybridizations
with shorter nucleic acids, I.e., oligonucleotides, the position of
mismatches becomes more important, and the length of the
oligonucleotide determines its specificity (see Sambrook et al., supra,
11.7-11.8). In one embodiment the length for a hybridizable nucleic acid is
at least about 10 nucleotides. Preferably a minimum length for a
hybridizable nucleic acid is at least about 15 nucleotides; more preferably
at least about 20 nucleotides; and most preferably the length is at least
about 30 nucleotides. Furthermore, the skilled artisan will recognize that
the temperature and wash solution salt concentration may be adjusted as
necessary according to factors such as length of the probe.

A “substantial portion” of an amino acid or nucleotide sequence Is
that portion comprising enough of the amino acid sequence of a
polypeptide or the nucleotide sequence of a gene to putatively identify that
polypeptide or gene, either by manual evaluation of the sequence by one
skilled in the art, or by computer-automated sequence comparison and
identification using algorithms such as BLAST (Altschul, S. F., et al.,
J. Mol. Biol., 215:403-410 (1993)). In general, a sequence of ten or more
contiguous amino acids or thirty or more nucleotides IS necessary in order
to putatively identify a polypeptide or nucleic acid sequence as
homologous to a known protein or gene. Moreover, with respect to
nucleotide sequences, gene specific oligonucleotide probes comprising
20-30 contiguous nucleotides may be used in sequence-dependent
methods of gene identification (e.g., Southern hybridization) and isolation
(e.g., in situ hybridization of bacterial colonies or bacteriophage plaques).
In addition, short oligonucleotides of about 17 bases may be used as
amplification primers in PCR In order to obtain a particular nucleic acid
fragment comprising the primers. Accordingly, a "substantial portion” of a

nucleotide sequence comprises enough of the sequence to specifically
14
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identify and/or isolate a nucleic acid fragment comprising the sequence.
The instant specification teaches the complete amino acid and nucleotide
sequence encoding particular proteins. The skilled artisan, having the
benefit of the sequences as reported herein, may now use all or a
substantial portion of the disclosed sequences for purposes known to
those skilled in this art. Accordingly, the instant invention comprises the
complete sequences as reported in the accompanying Sequence Listing,
as well as substantial portions of those sequences as defined above.

The term “complementary” is used to describe the relationship
between nucleotide bases that are capable of hybridizing to one another.
For example, with respect to DNA, adenosine is complementary to
thymine and cytosine is complementary to guanine.

The term “percent identity”, as known in the art, is a relationship
between two or more polypeptide sequences or two or more
polynucleotide sequences, as determined by comparing the sequences.
In the art, “identity” also means the degree of sequence relatedness
between polypeptide or polynucleotide sequences, as the case may be, as
determined by the match between strings of such sequences. “ldentity”
and “similarity” can be readily calculated by known methods, including but
not limited to those described in: 1.) Computational Molecular Biology
(Lesk, A. M., Ed.) Oxford University: NY (1988); 2.) Biocomputing:
Informatics and Genome Projects (Smith, D. W., Ed.) Academic: NY
(1993); 3.) Computer Analysis of Sequence Data, Part | (Griffin, A. M., and
Griffin, H. G., Eds.) Humania: NJ (1994); 4.) Sequence Analysis In
Molecular Biology (von Heinje, G., Ed.) Academic (1987); and
5.) Sequence Analysis Primer (Gribskov, M. and Devereux, J., Eds.)
Stockton: NY (1991).

Preferred methods to determine identity are designed to give the
best match between the sequences tested. Methods to determine identity
and similarity are codified in publicly available computer programs.

Sequence alignments and percent identity calculations may be performed
using the MegAlign™ program of the LASERGENE bioinformatics
computing suite (DNASTAR Inc., Madison, WI). Multiple alignment of the
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sequences Is performed using the "Clustal method of alignment” which
encompasses several varieties of the algorithm including the “Clustal V
method of alignment” corresponding to the alignment method labeled
Clustal V (described by Higgins and Sharp, CABIOS. 5:151-153 (1989);
Higgins, D.G. et al., Comput. Appl. Biosci., 8:189-191 (1992)) and found In
the MegAlign™ program of the LASERGENE bioinformatics computing
suite (DNASTAR Inc.). For multiple alignments, the default values
correspond to GAP PENALTY=10 and GAP LENGTH PENALTY=10.
Default parameters for pairwise alignments and calculation of percent
identity of protein sequences using the Clustal method are KTUPLE=1,
GAP PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5. For nucleic
acids these parameters are KTUPLE=2, GAP PENALTY=5, WINDOW=4
and DIAGONALS SAVED=4. After alignment of the sequences <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>