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This invention provides methods of obtaining novel poly 
nucleotides and encoded polypeptides by the use of non 
stochastic methods of directed evolution (DirectEvolu 
tion"). A particular advantage of exonuclease-mediated 
reassembly methods is the ability to reassemble nucleic acid 
strands that would otherwise be problematic to chimerize. 
Exonuclease-mediated reassembly methods can be used in 
combination with other mutagenesis methods provided 
herein. These methods include non-Stochastic polynucle 
otide site-Saturation mutagenesis (Gene Site Saturation 
MutagenesisTM) and non-stochastic polynucleotide reassem 
bly (GeneReassembly'TM). This invention provides methods 
of obtaining novel enzymes that have optimized physical 
&/or biological properties. Through use of the claimed 
methods, genetic vaccines, enzymes, Small molecules, and 
other desirable molecules can be evolved towards desirable 
properties. For example, Vaccine vectors can be obtained 
that exhibit increased efficacy for use as genetic Vaccines. 
Vectors obtained by using the methods can have, for 
example, enhanced antigen expression, increased uptake 
into a cell, increased Stability in a cell, ability to tailor an 
immune response, and the like. Furthermore, this invention 
provides methods of obtaining a variety of novel biologi 
cally active molecules, in the fields of antibiotics, pharma 
cotherapeutics, and transgenic traits. 
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Generation of multiple copies of a poly-binding nucleic acid strand. 
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Subjection to exonuclease treatment (e.g. Sl Nuclease, Mung 
Bean Nuclease, or E.coli DNA polymerase) to liberate terminal 
nucleotides from overhangs. The illustrated overhangs are unhybridized 
single stranded ends (shown in red) of annealed nucleic acid strands in a 
heteromeric nucleic acid complex. 
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Exonuclease-mediated reassembly process for the generation of 
mutagenized (e.g. chimerized) progeny polynucleotide 
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EXONUCLEASE-MEDIATED NUCLEIC ACID 
REASSEMBLY IN DIRECTED EVOLUTION 

0001. The present application is a continuation-in-part of 
U.S. application Ser. No. NOT YETASSIGNED), filed on 
Mar. 9, 2000 (entitled End Selection in Directed Evolution), 
which is hereby incorporated by reference; which is a 
continuation-in-part of U.S. application Ser. No. 09/498, 
557, filed on Feb. 4, 2000 (entitled Non-Stochastic Genera 
tion of Genetic Vaccines and Enzymes), which is hereby 
incorporated by reference, which is a continuation-in-part of 
U.S. application Ser. No. 09/495,052, filed on Jan. 31, 2000 
(entitled Non-Stochastic Generation of Genetic Vaccines), 
which is hereby incorporated by reference; which is a 
continuation-in-part of U.S. application Ser. No. 09/332, 
835, filed Jun. 14, 1999 (entitled Synthetic Ligation Reas 
sembly in Directed Evolution), which is hereby incorporated 
by reference, which is a continuation-in-part of U.S. appli 
cation Ser. No. 09/276,860, filed on Mar. 26, 1999 (entitled 
Exonuclease-Mediated Gene Assembly in Directed Evolu 
tion), which is hereby incorporated by reference, which is a 
continuation-in-part of U.S. application Ser. No. 09/267118, 
filed on Mar. 9, 1999 (entitled End Selection in Directed 
Evolution), which is hereby incorporated by reference, 
which is a continuation-in part of U.S. application Ser. No. 
09/246178, filed Feb. 4, 1999 (entitled Saturation Mutagen 
esis in Directed Evolution), which is hereby incorporated by 
reference, which is a continuation-in part of U.S. application 
Ser. No. 09/185.373 filed on Nov. 3, 1998 (entitled Directed 
Evolution of Thermophilic Enzymes), which is hereby 
incorporated by reference, which is a continuation of U.S. 
application Ser. No. 08/760,489 filed on Dec. 5, 1996 
(entitled Directed Evolution of Thermophilic Enzymes, now 
U.S. Pat. No. 5,830,696), which is hereby incorporated by 
reference, which is a continuation-in-part of U.S. provi 
sional application No. 60/008,311 filed on Dec. 07, 1995, 
which is hereby incorporated by reference. 

0002 U.S. application Ser. No. 09/246178, filed Feb. 4, 
1999 (entitled Saturation Mutagenesis in Directed Evolu 
tion) is also a continuation-in-part of U.S. application Ser. 
No. 08/962,504 filed on Oct. 31, 1997 (entitled Method of 
DNA Shuffling), which is hereby incorporated by reference; 
which is a continuation-in-part of U.S. application Ser. No. 
08/677,112 filed on Jul 09, 1996, issued as U.S. Pat. No. 
5,965,408 (entitled Method of DNA Shuffling with Poly 
nucleotides Produced by Blocking or Interrupting A Syn 
thesis or Amplification Process, now U.S. Pat. No. 5,965, 
408), which is hereby incorporated by reference. 
0003 U.S. application Ser. No. 09/246178, filed Feb. 4, 
1999 (entitled Saturation Mutagenesis in Directed Evolu 
tion) is also a continuation-in-part of U.S. application Ser. 
No. 08/651,568 filed on May 22, 1996 (entitled Combina 
torial Enzyme Development, now U.S. Pat. No. 5,939,250), 
which is hereby incorporated by reference; which is a 
continuation-in-part of U.S. provisional application Ser. No. 
60/008,316, filed Dec. 7, 1995, which is hereby incorporated 
by reference. 

FIELD OF THE INVENTION 

0004. This invention relates to the field of protein engi 
neering. More specifically, this relates to a directed evolu 
tion method for preparing a polynucleotides encoding 
polypeptide, which method comprises the Step of generating 
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Site-directed mutagenesis optionally in combination with the 
Step of polynucleotide chimerization, the Step of Selecting 
for potentially desirable progeny molecules, including by a 
process termed end-selection (which may then be screened 
further), and the step of Screening the polynucleotides for the 
production of polypeptide(s) having a useful property. 
0005. In a particular aspect, the present invention is 
relevant to enzymes, particularly to thermostable enzymes, 
and to their generation by directed evolution. More particu 
larly, the present invention relates to thermostable enzymes 
which are Stable at high temperature and which have 
improved activity at lower temperatures. 

BACKGROUND 

0006 Harvesting the full potential of nature's diversity 
can include both the Step of discovery and the Step of 
optimizing what is discovered. For example, the Step of 
discovery allows one to mine biological molecules that have 
industrial utility. However, for certain industrial needs, it is 
advantageous to further modify these enzymes experimen 
tally to achieve properties beyond what natural evolution has 
provided and is likely to provide in the near future. 
0007. The process, termed directed evolution, of experi 
mentally modifying a biological molecule towards a desir 
able property, can be achieved by mutagenizing one or more 
parental molecular templates and idendifying any desirable 
molecules among the progeny molecules. However, cur 
rently available technologies used in directed evolution have 
Several shortfalls. Among these shortfalls are: 

0008 1) Site-directed mutagenesis technologies, 
such as sloppy or low-fidelity PCR, are ineffective 
for Systematically achieving at each position (site) 
along a polypeptide Sequence the full (Saturated) 
range of possible mutations (i.e. all possible amino 
acid Substitutions). 

0009. 2) There is no relatively easy systematic 
means for rapidly analyzing the large amount of 
information that can be contained in a molecular 
Sequence and in the potentially coloSSal number or 
progeny molecules that could be conceivably 
obtained by the directed evolution of one or more 
molecular templates. 

0010) 3) There is no relatively easy systematic 
means for providing comprehensive empirical infor 
mation relating Structure to function for molecular 
positions. 

0011) 4) There is no easy systematic means for 
incorporating internal controls in certain mutagen 
esis (e.g. chimerization) procedures. 

0012 5) There is no easy systematic means to select 
for Specific progeny molecules, Such as full-length 
chimeras, from among Smaller partial Sequences. 

0013 Molecular mutagenesis occurs in nature and has 
resulted in the generation of a wealth of biological com 
pounds that have shown utility in certain industrial applica 
tions. However, evolution in nature often Selects for molecu 
lar properties that are discordant with many unmet industrial 
needs. Additionally, it is often the case that when an indus 
trially useful mutations would otherwise be favored at the 
molecular level, natural evolution often overrides the posi 
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tive Selection of Such mutations when there is a concurrent 
detriment to an organism as a whole (Such as when a 
favorable mutation is accompanied by a detrimental muta 
tion). Additionally still, natural evolution is slow, and places 
high emphasis on fidelity in replication. Finally, natural 
evolution prefers a path paved mainly by beneficial muta 
tions while tending to avoid a plurality of Successive nega 
tive mutations, even though Such negative mutations may 
prove beneficial when combined, or may lead-through a 
circuitous route-to final State that is beneficial. 

0.014 Directed evolution, on the other hand, can be 
performed much more rapidly and aimed directly at evolv 
ing a molecular property that is industrially desirable where 
nature does not provide one. 
0.015. An exceedingly large number of possibilities exist 
for purposeful and random combinations of amino acids 
within a protein to produce useful hybrid proteins and their 
corresponding biological molecules encoding for these 
hybrid proteins, i.e., DNA, RNA. 
0016. Accordingly, there is a need to produce and screen 
a wide variety of such hybrid proteins for a desirable utility, 
particularly widely varying random proteins. 
0.017. The complexity of an active sequence of a biologi 
cal macromolecule (e.g., polynucleotides, polypeptides, and 
molecules that are comprised of both polynucleotide and 
polypeptide Sequences) has been called its information con 
tent (“IC”), which has been defined as the resistance of the 
active protein to amino acid Sequence variation (calculated 
from the minimum number of invariable amino acids (bits) 
required to describe a family of related Sequences with the 
same function). Proteins that are more Sensitive to random 
mutagenesis have a high information content. 
0.018 Molecular biology developments, such as molecu 
lar libraries, have allowed the identification of quite a large 
number of variable bases, and even provide ways to Select 
functional Sequences from random libraries. In Such librar 
ies, most residues can be varied (although typically not all 
at the same time) depending on compensating changes in the 
context. Thus, while a 100 amino acid protein can contain 
only 2,000 different mutations, 20' sequence combinations 
are possible. 

0.019 Information density is the IC per unit length of a 
Sequence. Active sites of enzymes tend to have a high 
information density. By contrast, flexible linkers of infor 
mation in enzymes have a low information density. 
0020 Current methods in widespread use for creating 
alternative proteins in a library format are error-prone poly 
merase chain reactions and cassette mutagenesis, in which 
the Specific region to be optimized is replaced with a 
Synthetically mutagenized oligonucleotide. In both cases, a 
Substantial number of mutant Sites are generated around 
certain Sites in the original Sequence. 
0021 Error-prone PCR uses low-fidelity polymerization 
conditions to introduce a low level of point mutations 
randomly over a long Sequence. In a mixture of fragments of 
unknown Sequence, error-prone PCR can be used to 
mutagenize the mixture. The published error-prone PCR 
protocols Suffer from a low processivity of the polymerase. 
Therefore, the protocol is unable to result in the random 
mutagenesis of an average-sized gene. This inability limits 
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the practical application of error-prone PCR. Some com 
puter Simulations have Suggested that point mutagenesis 
alone may often be too gradual to allow the large-scale block 
changes that are required for continued and dramatic 
sequence evolution. Further, the published error-prone PCR 
protocols do not allow for amplification of DNA fragments 
greater than 0.5 to 1.0 kb, limiting their practical application. 
In addition, repeated cycles of error-prone PCR can lead to 
an accumulation of neutral mutations with undesired results, 
Such as affecting a protein's immunogenicity but not its 
binding affinity. 
0022. In oligonucleotide-directed mutagenesis, a short 
Sequence is replaced with a Synthetically mutagenized oli 
gonucleotide. This approach does not generate combinations 
of distant mutations and is thus not combinatorial. The 
limited library size relative to the vast Sequence length 
means that many rounds of Selection are unavoidable for 
protein optimization. Mutagenesis with Synthetic oligo 
nucleotides requires Sequencing of individual clones after 
each Selection round followed by grouping them into fami 
lies, arbitrarily choosing a Single family, and reducing it to 
a consensus motif. Such motif is resynthesized and rein 
Serted into a Single gene followed by additional Selection. 
This Step proceSS constitutes a Statistical bottleneck, is labor 
intensive, and is not practical for many rounds of mutagen 
CSS. 

0023 Error-prone PCR and oligonucleotide-directed 
mutagenesis are thus useful for Single cycles of Sequence 
fine tuning, but rapidly become too limiting when they are 
applied for multiple cycles. 
0024. Another limitation of error-prone PCR is that the 
rate of down-mutations grows with the information content 
of the Sequence. AS the information content, library size, and 
mutagenesis rate increase, the balance of down-mutations to 
up-mutations will Statistically prevent the Selection of fur 
ther improvements (statistical ceiling). 
0025. In cassette mutagenesis, a sequence block of a 
Single template is typically replaced by a (partially) random 
ized Sequence. Therefore, the maximum information content 
that can be obtained is statistically limited by the number of 
random Sequences (i.e., library size). This eliminates other 
Sequence families which are not currently best, but which 
may have greater long term potential. 
0026. Also, mutagenesis with synthetic oligonucleotides 
requires Sequencing of individual clones after each Selection 
round. Thus, Such an approach is tedious and impractical for 
many rounds of mutagenesis. 
0027 Thus, error-prone PCR and cassette mutagenesis 
are best Suited, and have been widely used, for fine-tuning 
areas of comparatively low information content. One appar 
ent exception is the Selection of an RNA ligase ribozyme 
from a random library using many rounds of amplification 
by error-prone PCR and selection. 
0028. In nature, the evolution of most organisms occurs 
by natural Selection and Sexual reproduction. Sexual repro 
duction ensures mixing and combining of the genes in the 
offspring of the Selected individuals. During meiosis, 
homologous chromosomes from the parents line up with one 
another and cross-over part way along their length, thus 
randomly Swapping genetic material. Such Swapping or 
shuffling of the DNA allows organisms to evolve more 
rapidly. 
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0029. In recombination, because the inserted sequences 
were of proven utility in a homologous environment, the 
inserted Sequences are likely to Still have Substantial infor 
mation content once they are inserted into the new Sequence. 
0030) The term Applied Molecular Evolution (“AME”) 
means the application of an evolutionary design algorithm to 
a specific, useful goal. While many different library formats 
for AME have been reported for polynucleotides, peptides 
and proteins (phage, lad and polySomes), none of these 
formats have provided for recombination by random croSS 
overs to deliberately create a combinatorial library. 
0031) Theoretically there are 2,000 different single 
mutants of a 100 amino acid protein. However, a protein of 
100 amino acids has 20" possible sequence combinations, 
a number which is too large to exhaustively explore by 
conventional methods. It would be advantageous to develop 
a System which would allow generation and Screening of all 
of these possible combination mutations. 
0.032 Some workers in the art have utilized an in vivo site 
Specific recombination System to generate hybrids of com 
bine light chain antibody genes with heavy chain antibody 
genes for expression in a phage System. However, their 
System relies on Specific Sites of recombination and is 
limited accordingly. Simultaneous mutagenesis of antibody 
CDR regions in single chain antibodies (scFv) by overlap 
ping extension and PCR have been reported. 
0033. Others have described a method for generating a 
large population of multiple hybrids using random in vivo 
recombination. This method requires the recombination of 
two different libraries of plasmids, each library having a 
different selectable marker. The method is limited to a finite 
number of recombinations equal to the number of Selectable 
markers existing, and produces a concomitant linear 
increase in the number of marker genes linked to the Selected 
Sequence(s). 
0034. In vivo recombination between two homologous, 
but truncated, insect-toxin genes on a plasmid has been 
reported as a method of producing a hybridgene. The in vivo 
recombination of Substantially mismatched DNA sequences 
in a host cell having defective mismatch repair enzymes, 
resulting in hybrid molecule formation has been reported. 

SUMMARY OF THE INVENTION 

0035. This invention relates generally to the field of 
nucleic acid engineering and correspondingly encoded 
recombinant protein engineering. More particularly, the 
invention relates to the directed evolution of nucleic acids 
and Screening of clones containing the evolved nucleic acids 
for resultant activity(ies) of interest, Such nucleic acid activi 
ty(ies) &/or specified protein, particularly enzyme, activi 
ty(ies) of interest. 
0036) This invention relates generally to a method of: 1) 
preparing a progeny generation molecule (including a mol 
ecule that is comprised of a polynucleotide Sequence, a 
molecules that is comprised of a polypeptide Sequence, and 
a molecules that is comprised in part of a polynucleotide 
Sequence and in part of a polypeptide sequence), that is 
mutagenized to achieve at least one point mutation, addition, 
deletion, &/or chimerization, from one or more ancestral or 
parental generation template(s); 2) Screening the progeny 
generation molecule-preferably using a high throughput 
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method-for at least one property of interest (Such as an 
improvement in an enzyme activity or an increase in Stabil 
ity or a novel chemotherapeutic effect); 3) optionally obtain 
ing &/or cataloguing structural &/or and functional infor 
mation regarding the parental &/or progeny generation 
molecules; and 4) optionally repeating any of steps 1) to 3). 
0037. In a preferred embodiment, this invention provides 
a method for producing a mutagenized progeny polynucle 
otide, comprising: 

0038) (a) Subjecting a starting or parental polynucle 
otide Set to an in vitro exonuclease-mediated reas 
Sembly proceSS So as to produce a progeny poly 
nucleotide Set, 

0039 whereby the exonuclease-mediated reassem 
bly proceSS is exemplified, in a non-limiting fashion, 
by Subjection to a 3’ exonuclease treatment, Such as 
treatment with exonuclease III, which acts on 3 
underhangs and bluntends, to liberate 3'-terminal but 
not 5'-terminal nucleotides from a starting double 
Stranded polynucleotide, leaving a remaining Strand 
that is partially or completely free of its original 
partner So that, if desired, the remaining Strand may 
be used to achieve hybridization to another partner; 

0040 whereby the exonuclease-mediated reassem 
bly process is further exemplified, in a non-limiting 
fashion, by Subjection to a 5' exonuclease treatment, 
Such as treatment with red alpha gene product, that 
acts on 5' underhangs to liberate 5'-terminal nucle 
otides from a starting double Stranded polynucle 
otide, leaving a remaining Strand that is partially or 
completely free of its original partner So that, if 
desired, the remaining Strand may be used to achieve 
hybridization to another partner; 

0041 whereby the exonuclease-mediated reassem 
bly process is further exemplified, in a non-limiting 
fashion, by Subjection to an exonuclease treatment, 
such as treatment with Mung Bean Nuclease or 
treatment with S1 Nuclease or treatment with E.coli 
DNA Polymerase, that acts on overhanging ends, 
including on unhybridized ends, to liberate terminal 
nucleotides from an unhybridized single-Stranded 
end of an annealed nucleic acid Strand in a hetero 
meric nucleic acid complex, leaving a shortened but 
hybridized end to facilitate polymerase-based exten 
Sion and/or ligase-mediated ligation of the treated 
end; 

0042 and whereby the exonuclease-mediated reas 
Sembly process is also exemplified by a dual treat 
ment, that can be performed, for example, non 
Simultaneously, with both an exonuclease that 
liberates terminal nucleotides from underhanging 
ends or blunt ends as well as an exonuclease that 
liberates terminal nucleotides from overhanging 
ends Such as unhybridized ends. 

0043. In a preferred aspect of this embodiment, this 
invention provides a method for producing a mutagenized 
progeny polynucleotide, wherein the step of (a) Subjecting a 
Starting or parental polynucleotide Set to an in Vitro exonu 
clease-mediated reassembly proceSS So as to produce a 
progeny polynucleotide Set, is comprised of 
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0044) (i) Subjecting a starting or parental polynucle 
otide Set to a 3’ exonuclease treatment that acts on 3 
underhangs and bluntends, to liberate 3'-terminal but 
not 5'-terminal nucleotides; 

0045 whereby said 3' exonuclease is exemplified, in 
a non-limiting fashion, by treatment with an exonu 
clease, Such as exonuclease III, to liberate 3'-termi 
nal but not 5'-terminal nucleotides from a starting 
double Stranded polynucleotide, leaving a remaining 
Strand that is partially or completely free of its 
original partner So that, if desired, the remaining 
Strand may be used to achieve hybridization to 
another partner. 

0046. In another preferred aspect of this embodiment, 
this invention provides a method for producing a 
mutagenized progeny polynucleotide, wherein the Step of (a) 
Subjecting a starting or parental polynucleotide Set to an in 
Vitro exonuclease-mediated reassembly process So as to 
produce a progeny polynucleotide Set, is comprised of 

0047 (i) subjecting a starting or parental polynucle 
otide Set to a 5’ exonuclease treatment that acts on 5' 
underhangs to liberate 5'-terminal nucleotides, 

0048 whereby said 5' exonuclease is exemplified, in 
a non-limiting fashion, by treatment with an exonu 
clease, Such as red alpha gene product, to liberate 
5'-terminal nucleotides from a starting double 
Stranded polynucleotide, leaving a remaining Strand 
that is partially or completely free of its original 
partner So that, if desired, the remaining Strand may 
be used to achieve hybridization to another partner. 

0049. In yet another preferred aspect of this embodiment, 
this invention provides a method for producing a 
mutagenized progeny polynucleotide, wherein the Step of (a) 
Subjecting a starting or parental polynucleotide Set to an in 
Vitro exonuclease-mediated reassembly process So as to 
produce a progeny polynucleotide Set, is comprised of 

0050 (i) subjecting a starting or parental polynucle 
otide Set to an exonuclease treatment that liberates 
terminal nucleotides from nucleic acid overhangs, 

0051 whereby said treatment is exemplified, in a 
non-limiting fashion, by Subjection to an exonu 
clease treatment, Such as treatment with Mung Bean 
Nuclease or treatment with S1 Nuclease or treatment 
with E.coli DNA Polymerase, that acts on overhang 
ing ends, including on unhybridized ends, to liberate 
nucleotides from an unhybridized single-Stranded 
end of an annealed nucleic acid Strand in a hetero 
meric nucleic acid complex, leaving a shortened but 
hybridized end to facilitate polymerase-based exten 
Sion and/or ligase-mediated ligation of the treated 
end. 

0.052 In yet another preferred aspect of this embodiment, 
this invention provides a method for producing a 
mutagenized progeny polynucleotide, wherein the Step of (a) 
Subjecting a starting or parental polynucleotide Set to an in 
Vitro exonuclease-mediated reassembly process So as to 
produce a progeny polynucleotide Set, is comprised of 

0053 (i) subjecting a starting or parental polynucle 
otide Set to a 3’ exonuclease treatment that acts on 3 
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underhangs and bluntends, to liberate 3'-terminal but 
not 5'-terminal nucleotides, and 

0054 (ii) subjecting a starting or parental polynucle 
otide Set to an exonuclease treatment that liberates 
terminal nucleotides from nucleic acid overhangs, 

0055 whereby the exonuclease-mediated reassem 
bly proceSS is comprised of a dual treatment, that can 
be performed, for example, non-simultaneously, 
with both an exonuclease that liberates terminal 
nucleotides from underhangs or blunt ends as well as 
an exonuclease that liberates terminal nucleotides 
from overhangS Such as unhybridized ends. 

0056. In yet another preferred aspect of this embodiment, 
this invention provides a method for producing a 
mutagenized progeny polynucleotide, wherein the step of (a) 
Subjecting a starting or parental polynucleotide Set to an in 
Vitro exonuclease-mediated reassembly process So as to 
produce a progeny polynucleotide Set, is comprised of 

0057 (i) subjecting a starting or parental polynucle 
otide Set to a 5’ exonuclease treatment that acts on 5' 
underhangs to liberate 5'-terminal nucleotides, and 

0.058 (ii) subjecting a starting or parental polynucle 
otide Set to an exonuclease treatment that liberates 
terminal nucleotides from nucleic acid overhangs, 

0059 whereby the exonuclease-mediated reassem 
bly process is comprised of a dual treatment, that can 
be performed, for example, non-simultaneously, 
with both an exonuclease that liberates terminal 
nucleotides from underhangs or blunt ends as well as 
an exonuclease that liberates terminal nucleotides 
from overhangS Such as unhybridized ends. 

0060. In another preferred embodiment, this invention 
provides a method for producing a mutagenized progeny 
polynucleotide having at least one desirable property com 
prised of the Step of: 

0061 (a) Subjecting a starting or parental polynucle 
otide Set to an in vitro exonuclease-mediated reas 
Sembly proceSS So as to produce a progeny poly 
nucleotide Set, and 

0062 (b) subjecting the progeny polynucleotide set 
to an end Selection-based Screening and enrichment 
process, So as to Select for a desirable Subset of the 
progeny polynucleotide Set; 

0063 whereby the above steps can be performed 
iteratively and in any order and in combination; 

0064 whereby the end selection-based process cre 
ates ligation-compatible ends, 

0065 whereby the creation of ligation-compatible 
ends is optionally used to facilitate one or more 
intermolecular ligations, that are preferably direc 
tional ligations, within members of the progeny 
polynucleotide Set So as to achieve assembly &/or 
reassembly mutagenesis, 

0066 whereby the creation of ligation-compatible 
ends Serves to facilitate ligation of the progeny 
polynucleotide Set into an expression vector System 
and expression cloning; 
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0067 whereby the expression cloning of the prog 
eny polynucleotide Set Serves to generate a polypep 
tide Set, 

0068 whereby the generated polypeptide set can be 
Subjected to an expression Screening process, and 

0069 whereby expression screening of the progeny 
polypeptide Set provides a means to identify a desir 
able Species, e.g. a mutant polypeptide or alterna 
tively a polypeptide fragment, that has a desirable 
property, Such as a specific enzymatic activity. 

0070. In another preferred embodiment, this invention 
provides a method for generating a mutagenized progeny 
polynucleotide from a collection of progenitor polynucle 
otides, comprising: 

0071) a) annealing a poly-binding nucleic acid 
Strand to two mono-binding nucleic acid Strands to 
generate an annealed heteromeric complex of 
nucleic acid Strands, 

0072 wherein the poly-binding nucleic acid strand 
and the two mono-binding nucleic acid Strands are 
each derived from a different molecular species in 
Said collection of progenitor polynucleotides, 

0073 wherein the said collection of progenitor poly 
nucleotides is preferably comprised of nonidentical 
though possibly related progenitor polynucleotides, 
as exemplified by a collection of genes encoding 
dehalogenases, 

0074 and wherein the poly-binding nucleic acid 
Strand to two mono-binding nucleic acid Strands each 
have at least a 7 nucleotide-long Sequence of identity 
to the progenitor polynucleotides from which it is 
derived; and 

0075 b) subjecting the unhybridized single 
Stranded ends of the annealed mono-binding nucleic 
acid Strands in the heteromeric complex to an eXo 
nuclease treatment that degrades Said unhybridized 
ends, 

0076 whereby the annealment of working poly 
binding and mono-binding Strands derived from non 
identical polynucleotides thus allows one to generate 
a chimerization of Said nonidentical polynucleotides, 

0077 whereby, in a library of said annealed com 
plexes of nucleic acid Strands, many component 
strands have unhybridizable ends that are suboptimal 
or not Serviceable for priming polymerase-based 
extension; and 

0078 whereby the exonuclease treatment removes 
such unhybridizable ends to convert the annealed 
complexes of nucleic acid Strands into better primers 
for polymerase-based extension. 

0079. In a preferred aspect of this embodiment, this 
invention provides a method for generating a mutagenized 
progeny polynucleotide from a collection of progenitor 
polynucleotides, further comprising the Step of 

0080 c) subjecting the annealed heteromeric com 
plex to polymerase-based extension. 
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0081. In another preferred aspect of this embodiment, 
this invention provides a method for generating a 
mutagenized progeny polynucleotide from a collection of 
progenitor polynucleotides, further comprising the Step of 

0082) d) subjecting the annealed nucleic acid strands 
to a ligase treatment; 

0083 whereby subjection to ligase treatment is 
exemplified by subjection to T4 DNA Ligase treat 
ment to achieve intermolecular ligation between the 
two annealed mono-binding Strands, which thus 
become covalently linked forming a chimerized 
Strand. 

0084. In yet another preferred aspect of this embodiment, 
this invention provides a method for generating a 
mutagenized progeny polynucleotide from a collection of 
progenitor polynucleotides, further comprising the Step of 

0085 e) separating the poly-binding nucleic acid 
Strand from the ligated mono-binding nucleic acid 
Strands, 

0086 whereby the separation of a poly-binding 
nucleic acid Strand from ligated mono-binding 
nucleic acid Strands to which it is annealed can be 
achieved, for example, by either denaturation or by 
exposure to an enzymatic activity that Selectively 
acts on the poly-binding nucleic acid Strands. 

0087. In yet another preferred aspect of this embodiment, 
this invention provides a method for generating a 
mutagenized progeny polynucleotide from a collection of 
progenitor polynucleotides, further comprising the Step of 

0088 f) generating a nucleic acid strand that is 
complementary to the ligated mono-binding nucleic 
acid Strand; 

0089 whereby the resultant product is comprised of 
a double Stranded mutagenized progeny polynucle 
otide. 

0090. In yet another preferred aspect of this embodiment, 
this invention provides a method for generating a 
mutagenized progeny polynucleotide from a collection of 
progenitor polynucleotides, further wherein the 
mutagenized progeny polynucleotide is a gene or gene 
pathway. 
0091. In yet another preferred aspect of this embodiment, 
this invention provides a method for generating a 
mutagenized progeny polynucleotide from a collection of 
progenitor polynucleotides, further comprising: expressing 
the generated mutagenized progeny polypeptide in a Suitable 
host; whereby said expression leads to the generation of a 
product of the polypeptide that can be detected by expres 
Sion Screening. 
0092. In a preferred embodiment, there is generated (e.g. 
from a parent polynucleotide template)—in what is termed 
“codon Site-Saturation mutagenesis'-a progeny generation 
of polynucleotides, each having at least one set of up to three 
contiguous point mutations (i.e. different bases comprising a 
new codon), Such that every codon (or every family of 
degenerate codons encoding the same amino acid) is repre 
Sented at each codon position. Corresponding to-and 
encoded by-this progeny generation of polynucleotides, 
there is also generated a Set of progeny polypeptides, each 
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having at least one Single amino acid point mutation. In a 
preferred aspect, there is generated-in what is termed 
“amino acid Site-Saturation mutagenesis'-one Such mutant 
polypeptide for each of the 19 naturally encoded polypep 
tide-forming alpha-amino acid Substitutions at each and 
every amino acid position along the polypeptide. This 
yields-for each and every amino acid position along the 
parental polypeptide-a total of 20 distinct progeny 
polypeptides including the original amino acid, or poten 
tially more than 21 distinct progeny polypeptides if addi 
tional amino acids are used either instead of or in addition 
to the 20 naturally encoded amino acids 
0093. Thus, in another aspect, this approach is also 
Serviceable for generating mutants containing-in addition 
to &/or in combination with the 20 naturally encoded 
polypeptide-forming alpha-amino acids-other rare &/or 
not naturally-encoded amino acids and amino acid deriva 
tives. In yet another aspect, this approach is also Serviceable 
for generating mutants by the use of in addition to &/or in 
combination with natural or unaltered codon recognition 
Systems of Suitable hosts-altered, mutagenized, &/or 
designer codon recognition Systems (Such as in a host cell 
with one or more altered tRNA molecules). 
0094. In yet another aspect, this invention relates to 
recombination and more specifically to a method for pre 
paring polynucleotides encoding a polypeptide by a method 
of in Vivo re-assortment of polynucleotide Sequences con 
taining regions of partial homology, assembling the poly 
nucleotides to form at least one polynucleotide and Screen 
ing the polynucleotides for the production of polypeptide(s) 
having a useful property. 
0.095. In yet another preferred embodiment, this inven 
tion is Serviceable for analyzing and cataloguing with 
respect to any molecular property (e.g. an enzymatic activ 
ity) or combination of properties allowed by current tech 
nology-the effects of any mutational change achieved 
(including particularly Saturation mutagenesis). Thus, a 
comprehensive method is provided for determining the 
effect of changing each amino acid in a parental polypeptide 
into each of at least 19 possible substitutions. This allows 
each amino acid in a parental polypeptide to be character 
ized and catalogued according to its spectrum of potential 
effects on a measurable property of the polypeptide. 
0096. In another aspect, the method of the present inven 
tion utilizes the natural property of cells to recombine 
molecules and/or to mediate reductive processes that reduce 
the complexity of Sequences and extent of repeated or 
consecutive Sequences possessing regions of homology. 
0097. It is an object of the present invention to provide a 
method for generating hybrid polynucleotides encoding bio 
logically active hybrid polypeptides with enhanced activi 
ties. In accomplishing these and other objects, there has been 
provided, in accordance with one aspect of the invention, a 
method for introducing polynucleotides into a Suitable host 
cell and growing the host cell under conditions that produce 
a hybrid polynucleotide. 
0098. In another aspect of the invention, the invention 
provides a method for Screening for biologically active 
hybrid polypeptides encoded by hybrid polynucleotides. The 
present method allows for the identification of biologically 
active hybrid polypeptides with enhanced biological activi 
ties. 
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0099. Other objects, features and advantages of the 
present invention will become apparent from the following 
detailed description. It should be understood, however, that 
the detailed description and the Specific examples, while 
indicating preferred embodiments of the invention, are given 
by way of illustration only, Since various changes and 
modifications within the Spirit and Scope of the invention 
will become apparent to those skilled in the art from this 
detailed description. 
0100. In a specific embodiment, this invention provides 
method for producing and isolating a library of progeny 
polunucleotides having at least one desirable property com 
prised of the Steps of: 

0101 (a) Subjecting a starting or parental polynucle 
otide Set to a mutagenesis proceSS So as to produce a 
progeny polynucleotide Set, and 

0102 (b) subjecting the progeny polynucleotide set 
to an end Selection-based Screening and enrichment 
process, So as to Select for a desirable Subset of the 
progeny polynucleotide Set; 

0.103 whereby the above steps can be performed 
iteratively and in any order and in combination, 

0104 whereby the end selection-based process cre 
ates ligation-compatible ends, 

0105 whereby the creation of ligation-compatible 
ends is optionally used to facilitate one or more 
intermolecular ligations, that are preferably direc 
tional ligations, within members of the progeny 
polynucleotide Set So as to achieve assembly &/or 
reassembly mutagenesis, 

0106 whereby the creation of ligation-compatible 
ends Serves to facilitate ligation of the progeny 
polynucleotide Set into an expression vector System 
and expression cloning, 

0107 whereby the end selection-based screening 
and enrichment proceSS allows one to produce a 
library of progeny polynucleotides generated by a 
mutagenesis process, include non-Stochastic poly 
nucleotide Site-Saturation mutagenesis (Gene Site 
Saturation Mutagenesis") and non-stochastic poly 
nucleotide reassembly (GeneReassembly"M), 

0.108 whereby the expression cloning of the prog 
eny polynucleotide Set Serves to generate a full 
length polypeptide Set, 

0109 whereby the generated polypeptide set can be 
Subjected to an expression Screening process, and 

0110 whereby expression screening of the progeny 
polypeptide Set provides a means to identify a desir 
able Species, e.g. a mutant polypeptide or alterna 
tively a polypeptide fragment, that has a desirable 
property, Such as a specific enzymatic activity. 

0111. In another specific embodiment, this invention pro 
vides a method for producing and isolating a polypeptide 
having at least one desirable property comprised of the Steps 
of: 

0112 (a) Subjecting a starting or parental polynucle 
otide Set to a mutagenesis proceSS So as to produce a 
progeny polynucleotide Set, and 
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0113) (b) subjecting the progeny polynucleotide set 
to an end Selection-based Screening and enrichment 
process, So as to Select for a desirable Subset of the 
progeny polynucleotide Set; 

0114 whereby the above steps can be performed 
iteratively and in any order and in combination, 

0115 whereby the end selection-based process cre 
ates ligation-compatible ends, 

0116 whereby the creation of ligation-compatible 
ends is optionally used to facilitate one or more 
intermolecular ligations, that are preferably direc 
tional ligations, within members of the progeny 
polynucleotide Set So as to achieve assembly &/or 
reassembly mutagenesis, 

0117 whereby the end selection-based screening 
and enrichment proceSS allows one to produce a 
library of progeny polynucleotides generated by a 
mutagenesis process, include non-Stochastic poly 
nucleotide Site-Saturation mutagenesis (Gene Site 
Saturation Mutagenesis") and non-stochastic poly 
nucleotide reassembly (GeneReassembly"M), 

0118 whereby the expression cloning of the prog 
eny polynucleotide Set Serves to generate a full 
length polypeptide Set, 

0119 whereby the creation of ligation-compatible 
ends Serves to facilitate ligation of the progeny 
polynucleotide set into an expression vector System 
and expression cloning, 

0120 whereby the generated polypeptide set can be 
Subjected to an expression Screening process, and 

0121 whereby expression Screening of the progeny 
polypeptide Set provides a means to identify a desir 
able Species, e.g. a mutant polypeptide or alterna 
tively a polypeptide fragment, that has a desirable 
property, Such as a specific enzymatic activity. 

0122) In a specific aspect of this embodiment, this inven 
tion provides the immediately preceding methods, wherein 
the mutagenesis process of step (a) is comprised of a 
process, termed Saturation mutagenesis, for generating, from 
a codon-containing parental polypeptide template, a progeny 
polypeptide Set in which a full range of Single amino acid 
Substitutions is represented at each amino acid position, 
comprising the Steps of: 

0123 (a) Subjecting a working codon-containing 
template polynucleotide to polymerase-based ampli 
fication using a degenerate oligonucleotide for each 
codon to mutagenized, where each of Said degener 
ate oligonucleotides is comprised of a first homolo 
gous Sequence and a degenerate triplet Sequence, So 
as to generate a set of progeny polynucleotides; 

0.124 wherein said degenerate triplet Sequence is 
selected from the group consisting of i) N.N.N; ii) 
N.N.G/T; iii) N.N.G/C; iv) N.N.C/G/T; v) N.N.A/G/ 
T; vi) N.N.A/C/T; vii) N.N.A/C/G; and viii) any 
degenerate codon that encodes all 20 amino acids, 
and 

0125 (b) subjecting said set of progeny polynucle 
otides to recombinant expression Such that polypep 
tides encoded by the progeny polynucleotides are 
produced; 
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0.126 whereby the above steps can be performed 
iteratively and in any order and in combination, 
and 

0127 whereby, said method provides a means for 
generating all 20 amino acid changes at each 
amino acid site along a parental polypeptide tem 
plate, because the degeneracy of the triplet 
Sequence includes codons for all 20 amino acids. 

0128. In a specific aspect of this embodiment, this inven 
tion further provides the immediately preceding methods, 
wherein the mutagenesis process of Step (a) is comprised of 
a process, termed Synthetic ligation gene reassembly or 
Simply Synthetic ligation gene reassembly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.129 FIG. 1 shows the activity of the enzyme exonu 
clease III. This is an exemplary enzyme that can be used to 
Shuffle, assemble, reassemble, recombine, and/or concat 
enate polynucleotide building blockS. The asterisk indicates 
that the enzyme acts from the 3' direction towards the 5' 
direction of the polynucleotide Substrate. 
0.130 FIG. 2 shows an exemplary application of the 
enzyme exonuclease III in exonuclease-mediated polynucle 
otide reassembly. Shown also is the combined use of in vivo 
“repair” by transforming a Suitable host (e.g. Escherichia, 
Pseudomonas, Steptomyces, or Bacillus) and utilizing the 
hosts repair mechanism to provide further diversity by 
generating a library of cloned mutagenized progeny nucleic 
acids (and preferably polypeptides expressed by Such 
nucleic acids) that can be analyzed by expression Screening. 
0131 FIG. 3 shows the generation of a poly-binding 
nucleic acid Strand. In this case, the generated Strand is of the 
Same length as the parental template, but is not methylated. 
Dpn I treatment can thus be used to Select for the generated 
Strand. Although not shown, the template as well as the 
generated product can be part of a vector (linear or circular). 
0132 FIG. 4 shows the use of exonuclease treatment as 
a means to liberate 3' and 5'-terminal nucleotides from the 
unhybridized single-Stranded end of an annealed nucleic 
acid Strand in a heteromeric nucleic acid complex, leaving a 
shortened but hybridized end to facilitate polymerase-based 
extension and/or ligase-mediated ligation of the treated end. 
0.133 Shown also is the combined use of in vivo “repair” 
by transforming a Suitable host (e.g. Escherichia, 
Pseudomonas, Steptomyces, or Bacillus) and utilizing the 
host's repair mechanism to provide further diversity by 
generating a library of cloned mutagenized progeny nucleic 
acids (and preferably polypeptides expressed by Such 
nucleic acids) that can be analyzed by expression Screening. 
0.134 FIG. 5 shows the use of exonuclease-mediated 
nucleic acid reassembly in an example in which one methy 
lated poly-binding nucleic acid Strand is annealed to Several 
unmethylated mono-binding nucleic acid Strands. The 
annealed nucleic acid Strands form heteromeric nucleic acid 
complexes and are Subjected to exonuclease treatment as a 
means to liberate 3' and 5'-terminal nucleotides from the 
unhybridized Single-stranded ends of a plurality of annealed 
nucleic acid Strands in the heteromeric nucleic acid com 
plexes, leaving shortened but hybridized ends to facilitate 
polymerase-based extension and/or ligase-mediated ligation 
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of the treated ends. Treatment with DpnI is then serviceable 
for Selecting against the generated annealed mono-binding 
nucleic acid Strands that are unmethylated and chimeric in 
nature. 

0135 FIG. 6 shows the use of exonuclease-mediated 
nucleic acid reassembly in an example in which a plurality 
of methylated poly-binding nucleic acid Strand are annealed 
to Several unmethylated mono-binding nucleic acid Strands. 
The annealed nucleic acid Strands form heteromeric nucleic 
acid complexes that are Subjected to exonuclease treatment 
as a means to liberate 3' and 5'-terminal nucleotides from the 
unhybridized Single-stranded ends of a plurality of annealed 
nucleic acid Strands in the heteromeric nucleic acid com 
plexes, leaving shortened but hybridized ends to facilitate 
polymerase-based extension and/or ligase-mediated ligation 
of the treated ends. Treatment with DpnI is then serviceable 
for Selecting against the generated annealed mono-binding 
nucleic acid Strands that are unmethylated and chimeric in 
nature. 

DEFINITIONS OF TERMS 

0136. In order to facilitate understanding of the examples 
provided herein, certain frequently occurring methods and/ 
or terms will be described. 

0.137 The term “agent” is used herein to denote a chemi 
cal compound, a mixture of chemical compounds, an array 
of spatially localized compounds (e.g., a VLSIPS peptide 
array, polynucleotide array, and/or combinatorial small mol 
ecule array), biological macromolecule, a bacteriophage 
peptide display library, a bacteriophage antibody (e.g., ScFv) 
display library, a polySome peptide display library, or an 
extract made form biological materials Such as bacteria, 
plants, fungi, or animal (particular mammalian) cells or 
tissues. Agents are evaluated for potential activity as anti 
neoplastics, anti-inflammatories or apoptosis modulators by 
inclusion in Screening assays described hereinbelow. Agents 
are evaluated for potential activity as Specific protein inter 
action inhibitors (i.e., an agent which Selectively inhibits a 
binding interaction between two predetermined polypep 
tides but which doe Snot substantially interfere with cell 
viability) by inclusion in Screening assays described here 
inbelow. 

0138 An “ambiguous base requirement” in a restriction 
Site refers to a nucleotide base requirement that is not 
Specified to the fullest extent, i.e. that is not a specific base 
(Such as, in a non-limiting exemplification, a specific base 
Selected from A, C, G, and T), but rather may be any one of 
at least two or more bases. Commonly accepted abbrevia 
tions that are used in the art as well as herein to represent 
ambiguity in bases include the following: R=G or A; Y=C or 
T; M=A or C; K=G or T. S=G or C; W=A or T. H=A or C 
or T. B=G or T or C; V=G or C or A; D=G or A or T, N=A 
or C or G or T. 

0.139. The term “amino acid” as used herein refers to any 
organic compound that contains an amino group (-NH2) 
and a carboxyl group (-COOH); preferably either as free 
groups or alternatively after condensation as part of peptide 
bonds. The “twenty naturally encoded polypeptide-forming 
alpha-amino acids are understood in the art and refer to: 
alanine (ala or A), arginine (argor R), asparagine (asin or N), 
aspartic acid (asp or D), cysteine (cys or C), gluatamic acid 
(glu or E), glutamine (gln or Q), glycine (gly or G), histidine 

Dec. 9, 2004 

(his or H), isoleucine (ile or I), leucine (leu or L), lysine (lys 
or K), methionine (met or M), phenylalanine (phe or F), 
proline (pro or P), serine (ser or S), threonine (thr or T), 
tryptophan (trp or W), tyrosine (tyr or Y), and valine (val or 
V). 
0140. The term “amplification” means that the number of 
copies of a polynucleotide is increased. 
0.141. The term “antibody', as used herein, refers to intact 
immunoglobulin molecules, as well as fragments of immu 
noglobulin molecules, such as Fab, fab', (fab"), Fv, and SCA 
fragments, that are capable of binding to an epitope of an 
antigen. These antibody fragments, which retain Some abil 
ity to Selectively bind to an antigen (e.g., a polypeptide 
antigen) of the antibody from which they are derived, can be 
made using well known methods in the art (See, e.g., Harlow 
and Lane, Supra), and are described further, as follows. 

0142 (1) An Fab fragment consists of a monovalent 
antigen-binding fragment of an antibody molecule, 
and can be produced by digestion of a whole anti 
body molecule with the enzyme papain, to yield a 
fragment consisting of an intact light chain and a 
portion of a heavy chain. 

0143 (2) An fab' fragment of an antibody molecule 
can be obtained by treating a whole antibody mol 
ecule with pepsin, followed by reduction, to yield a 
molecule consisting of an intact light chain and a 
portion of a heavy chain. Two fab' fragments are 
obtained per antibody molecule treated in this man 
C. 

0144 (3) An (fab') fragment of an antibody can be 
obtained by treating a whole antibody molecule with 
the enzyme pepsin, without Subsequent reduction. A 
(fab')2 fragment is a dimer of two fab' fragments, 
held together by two disulfide bonds. 

0145 (4) An Fv fragment is defined as a genetically 
engineered fragment containing the variable region 
of a light chain and the variable region of a heavy 
chain expressed as two chains. 

0146 (5) An single chain antibody (“SCA”) is a 
genetically engineered Single chain molecule con 
taining the variable region of a light chain and the 
variable region of a heavy chain, linked by a Suitable, 
flexible polypeptide linker. 

0147 A molecule that has a “chimeric property” is a 
molecule that is: 1) in part homologous and in part heter 
ologous to a first reference molecule; while 2) at the same 
time being in part homologous and in part heterologous to a 
Second reference molecule; without 3) precluding the pos 
Sibility of being at the same time in part homologous and in 
part heterologous to Still one or more additional reference 
molecules. In a non-limiting embodiment, a chimeric mol 
ecule may be prepared by assemblying a reassortment of 
partial molecular Sequences. In a non-limiting aspect, a 
chimeric polynucleotide molecule may be prepared by Syn 
thesizing the chimeric polynucleotide using plurality of 
molecular templates, Such that the resultant chimeric poly 
nucleotide has properties of a plurality of templates. 
0.148. The term “cognate” as used herein refers to a gene 
Sequence that is evolutionarily and functionally related 
between Species. For example, but not limitation, in the 
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human genome the human CD4 gene is the cognate gene to 
the mouse 3.d4 gene, Since the Sequences and Structures of 
these two genes indicate that they are highly homologous 
and both genes encode a protein which functions in Signal 
ing T cell activation through MHC class II-restricted antigen 
recognition. 

0149. A “comparison window,” as used herein, refers to 
a conceptual Segment of at least 20 contiguous nucleotide 
positions wherein a polynucleotide Sequence may be com 
pared to a reference Sequence of at least 20 contiguous 
nucleotides and wherein the portion of the polynucleotide 
Sequence in the comparison window may comprise additions 
or deletions (i.e., gaps) of 20 percent or less as compared to 
the reference Sequence (which does not comprise additions 
or deletions) for optimal alignment of the two sequences. 
Optimal alignment of Sequences for aligning a comparison 
window may be conducted by the local homology algorithm 
of Smith (Smith and Waterman, Adv Appl Math, 1981; Smith 
and Waterman, J Teor Biol, 1981; Smith and Waterman, J 
Mol Biol, 1981; Smith et al., J Mol Evol, 1981), by the 
homology alignment algorithm of Needleman (Needleman 
and WuncSch, 1970), by the search of similarity method of 
Pearson (Pearson and Lipman, 1988), by computerized 
implementations of these algorithms (GAP, BESTFIT, 
FASTA, and TFASTA in the Wisconsin Genetics Software 
Package Release 7.0, Genetics Computer Group, 575 Sci 
ence Dr., Madison, Wis.), or by inspection, and the best 
alignment (i.e., resulting in the highest percentage of homol 
ogy over the comparison window) generated by the various 
methods is Selected. 

0150. As used herein, the term “complementarity-deter 
mining region' and “CDR' refer to the art-recognized term 
as exemplified by the Kabat and Chothia CDR definitions 
also generally known as SuperVariable regions or hyperVari 
able loops (Chothia and Lesk, 1987; Clothia et al., 1989; 
Kabat et al., 1987; and Tramontano et al., 1990). Variable 
region domains typically comprise the amino-terminal 
approximately 105-115 amino acids of a naturally-occurring 
immunoglobulin chain (e.g., amino acids 1-110), although 
variable domains Somewhat shorter or longer are also Suit 
able for forming Single-chain antibodies. 

0151. “Conservative amino acid substitutions” refer to 
the interchangeability of residues having Similar Side chains. 
For example, a group of amino acids having aliphatic side 
chains is glycine, alanine, Valine, leucine, and isoleucine; a 
group of amino acids having aliphatic-hydroxyl Side chains 
is Serine and threonine; a group of amino acids having 
amide-containing Side chains is asparagine and glutamine; a 
group of amino acids having aromatic Side chains is phe 
nylalanine, tyrosine, and tryptophan; a group of amino acids 
having basic Side chains is lysine, arginine, and histidine, 
and a group of amino acids having Sulfur-containing side 
chains is cysteine and methionine. Preferred conservative 
amino acids Substitution groups are: Valine-leucine-isoleu 
cine, phenylalanine-tyrosine, lysine-arginine, alanine-Va 
line, and asparagine-glutamine. 

0152 The term “corresponds to” is used herein to mean 
that a polynucleotide sequence is homologous (i.e., is iden 
tical, not strictly evolutionarily related) to all or a portion of 
a reference polynucleotide Sequence, or that a polypeptide 
Sequence is identical to a reference polypeptide Sequence. In 
contradistinction, the term “complementary to” is used 
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herein to mean that the complementary Sequence is homolo 
gous to all or a portion of a reference polynucleotide 
Sequence. For illustration, the nucleotide Sequence 
“TATAC corresponds to a reference “TATAC and is 
complementary to a reference Sequence “GTATA.' 

0153. The term “degrading effective” amount refers to 
the amount of enzyme which is required to proceSS at least 
50% of the Substrate, as compared to substrate not contacted 
with the enzyme. Preferably, at least 80% of the substrate is 
degraded. 

0154 As used herein, the term “defined sequence frame 
work” refers to a set of defined Sequences that are Selected 
on a non-random basis, generally on the basis of experi 
mental data or Structural data; for example, a defined 
Sequence framework may comprise a set of amino acid 
Sequences that are predicted to form a B-sheet Structure or 
may comprise a leucine Zipper heptad repeat motif, a zinc 
finger domain, among other variations. A "defined Sequence 
kernal' is a Set of Sequences which encompass a limited 
scope of variability. Whereas (1) a completely random 
10-mer Sequence of the 20 conventional amino acids can be 
any of (20)" sequences, and (2) a pseudorandom 10-mer 
Sequence of the 20 conventional amino acids can be any of 
(20)' sequences but will exhibit a bias for certain residues 
at certain positions and/or overall, (3) a defined sequence 
kernal is a Subset of Sequences if each residue position was 
allowed to be any of the allowable 20 conventional amino 
acids (and/or allowable unconventional amino/imino acids). 
A defined Sequence kernal generally comprises variant and 
invariant residue positions and/or comprises variant residue 
positions which can comprise a residue Selected from a 
defined Subset of amino acid residues), and the like, either 
Segmentally or over the entire length of the individual 
Selected library member Sequence. Defined Sequence kernels 
can refer to either amino acid Sequences or polynucleotide 
Sequences. Of illustration and not limitation, the Sequences 
(NNK) and (NNM), wherein N represents A, T, G, or C; 
K represents G or T, and M represents A or C, are defined 
Sequence kernels. 

O155 “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 1 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 tug 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 Supplier's instructions. 
After digestion the reaction is electrophoresed directly on a 
gel to isolate the desired fragment. 

0156 “Directional ligation” refers to a ligation in which 
a 5' end and a 3' end of a polynuclotide are different enough 
to specify a preferred ligation orientation. For example, an 
otherwise untreated and undigested PCR product that has 
two blunt ends will typically not have a preferred ligation 
orientation when ligated into a cloning vector digested to 
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produce blunt ends in its multiple cloning Site; thus, direc 
tional ligation will typically not be displayed under these 
circumstances. In contrast, directional ligation will typically 
displayed when a digested PCR product having a 5" EcoR 
I-treated end and a 3' BamH I-is ligated into a cloning 
vector that has a multiple cloning Site digested with EcoRI 
and BamH I. 

0157. The term “DNA shuffling” is used herein to indi 
cate recombination between Substantially homologous but 
non-identical Sequences, in Some embodiments DNA shuf 
fling may involve croSSOver via non-homologous recombi 
nation, Such as via cer/lox and/or flp/frt Systems and the like. 
0158 As used in this invention, the term “epitope” refers 
to an antigenic determinant on an antigen, Such as a phytase 
polypeptide, to which the paratope of an antibody, Such as an 
phytase-specific antibody, binds. Antigenic determinants 
usually consist of chemically active Surface groupings of 
molecules, Such as amino acids or Sugar Side chains, and can 
have specific three-dimensional Structural characteristics, as 
well as Specific charge characteristics. AS used herein 
"epitope” refers to that portion of an antigen or other 
macromolecule capable of forming a binding interaction that 
interacts with the variable region binding body of an anti 
body. Typically, Such binding interaction is manifested as an 
intermolecular contact with one or more amino acid residues 
of a CDR. 

0159. The terms “fragment”, “derivative” and “analog" 
when referring to a reference polypeptide comprise a 
polypeptide which retains at least one biological function or 
activity that is at least essentially Same as that of the 
reference polypeptide. Furthermore, the terms "fragment', 
“derivative” or “analog” are exemplified by 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. 

0160 A method is provided herein for producing from a 
template polypeptide a set of progeny polypeptides in which 
a “full range of Single amino acid Substitutions” is repre 
Sented at each amino acid position. AS used herein, “full 
range of Single amino acid Substitutions is in reference to 
the naturally encoded 20 naturally encoded polypeptide 
forming alpha-amino acids, as described herein. 
0.161 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 intervening sequences (introns) 
between individual coding segments (exons). 
0162 “Genetic instability”, as used herein, refers to the 
natural tendency of highly repetitive Sequences to be lost 
through a process of reductive events generally involving 
Sequence Simplification through the loSS of repeated 
Sequences. Deletions tend to involve the loSS of one copy of 
a repeat and everything between the repeats. 
0163 The term “heterologous' means that one single 
Stranded nucleic acid Sequence is unable to hybridize to 
another Single-Stranded nucleic acid Sequence or its comple 
ment. Thus areas of heterology means that areas of poly 
nucleotides or polynucleotides have areas or regions within 
their Sequence which are unable to hybridize to another 
nucleic acid or polynucleotide. Such regions or areas are for 
example areas of mutations. 
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0164. The term “homologous” or “homeologous' means 
that one single-Stranded nucleic acid nucleic acid Sequence 
may hybridize to a complementary Single-Stranded nucleic 
acid Sequence. The degree of hybridization may depend on 
a number of factors including the amount of identity 
between the Sequences and the hybridization conditions Such 
as temperature and Salt concentrations as discussed later. 
Preferably the region of identity is greater than about 5 bp, 
more preferably the region of identity is greater than 10 bp. 
0.165 An immunoglobulin light or heavy chain variable 
region consists of a "framework” region interrupted by three 
hyperVariable regions, also called CDR's. The extent of the 
framework region and CDR's have been precisely defined; 
See “Sequences of Proteins of Immunological Interest” 
(Kabat et al., 1987). The sequences of the framework regions 
of different light or heavy chains are relatively conserved 
within a Specie. AS used herein, a “human framework 
region' is a framework region that is Substantially identical 
(about 85 or more, usually 90-95 or more) to the framework 
region of a naturally occurring human immunoglobulin. the 
framework region of an antibody, that is the combined 
framework regions of the constituent light and heavy chains, 
serves to position and align the CDR's. The CDR's are 
primarily responsible for binding to an epitope of an antigen. 

0166 The benefits of this invention extend to “industrial 
applications” (or industrial processes), which term is used to 
include applications in commercial industry proper (or Sim 
ply industry) as well as non-commercial industrial applica 
tions (e.g. biomedical research at a non-profit institution). 
Relevant applications include those in areas of diagnosis, 
medicine, agriculture, manufacturing, and academia. 
0167. The term “identical” or “identity” means that two 
nucleic acid Sequences have the same Sequence or a comple 
mentary Sequence. Thus, “areas of identity” means that 
regions or areas of a polynucleotide or the Overall poly 
nucleotide are identical or complementary to areas of 
another polynucleotide or the polynucleotide. 

0.168. 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 enzyme present in a 
living animal is not isolated, but the Same polynucleotide or 
enzyme, Separated from Some or all of the coexisting mate 
rials in the natural System, is isolated. Such polynucleotides 
could be part of a vector and/or Such polynucleotides or 
enzymes could be part of a composition, and still be isolated 
in that Such vector or composition is not part of its natural 
environment. 

0169. By “isolated nucleic acid” is meant a nucleic acid, 
e.g., a DNA or RNA molecule, that is not immediately 
contiguous with the 5' and 3’ flanking Sequences with which 
it normally is immediately contiguous when present in the 
naturally occurring genome of the organism from which it is 
derived. The term thus describes, for example, a nucleic acid 
that is incorporated into a vector, Such as a plasmid or viral 
vector; a nucleic acid that is incorporated into the genome of 
a heterologous cell (or the genome of a homologous cell, but 
at a site different from that at which it naturally occurs); and 
a nucleic acid that exists as a separate molecule, e.g., a DNA 
fragment produced by PCR amplification or restriction 
enzyme digestion, or an RNA molecule produced by in Vitro 
transcription. The term also describes a recombinant nucleic 
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acid that forms part of a hybrid gene encoding additional 
polypeptide Sequences that can be used, for example, in the 
production of a fusion protein. 

0170 AS used herein “ligand” refers to a molecule, such 
as a random peptide or variable Segment Sequence, that is 
recognized by a particular receptor. AS one of skill in the art 
will recognize, a molecule (or macromolecular complex) 
can be both a receptor and a ligand. In general, the binding 
partner having a Smaller molecular weight is referred to as 
the ligand and the binding partner having a greater molecu 
lar weight is referred to as a receptor. 
0171 “Ligation” refers to the process of forming phos 
phodiester bonds between two double stranded nucleic acid 
fragments (Sambrook et al., 1982, p. 146; Sambrook, 1989). 
Unless otherwise provided, ligation may be accomplished 
using known buffers and conditions with 10 units of T4 
DNA ligase ("ligase') per 0.5 lug of approximately equimo 
lar amounts of the DNA fragments to be ligated. 

0172. As used herein, “linker” or “spacer” refers to a 
molecule or group of molecules that connects two mol 
ecules, Such as a DNA binding protein and a random peptide, 
and Serves to place the two molecules in a preferred con 
figuration, e.g., So that the random peptide can bind to a 
receptor with minimal steric hindrance from the DNA bind 
ing protein. 

0173 AS used herein, a “molecular property to be 
evolved” includes reference to molecules comprised of a 
polynucleotide Sequence, molecules comprised of a 
polypeptide Sequence, and molecules comprised in part of a 
polynucleotide Sequence and in part of a polypeptide 
Sequence. Particularly relevant-but by no means limiting 
examples of molecular properties to be evolved include 
enzymatic activities at Specified conditions, Such as related 
to temperature, Salinity; pressure; pH; and concentration of 
glycerol, DMSO, detergent, &/or any other molecular spe 
cies with which contact is made in a reaction environment. 
Additional particularly relevant-but by no means limit 
ing-examples of molecular properties to be evolved 
include Stabilities-e.g. the amount of a residual molecular 
property that is present after a specified exposure time to a 
Specified environment, Such as may be encountered during 
Storage. 

0.174. The term “mutations” means changes in the 
Sequence of a wild-type nucleic acid Sequence or changes in 
the Sequence of a peptide. Such mutations may be point 
mutations Such as transitions or transversions. The muta 
tions may be deletions, insertions or duplications. 

0175 AS used herein, the degenerate “N.N.G/T nucle 
otide sequence represents 32 possible triplets, where “N” 
can be A, C, G or T. 

0176) The term “naturally-occurring” as used herein as 
applied to the object refers to the fact that an object can be 
found in nature. For example, a polypeptide or polynucle 
otide sequence that is present in an organism (including 
viruses) that can be isolated from a Source in nature and 
which has not been intentionally modified by man in the 
laboratory is naturally occurring. Generally, the term natu 
rally occurring refers to an object as present in a non 
pathological (un-diseased) individual, Such as would be 
typical for the Species. 
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0177 As used herein, a “nucleic acid molecule' is com 
prised of at least one base or one base pair, depending on 
whether it is Single-Stranded or double-Stranded, respec 
tively. Furthermore, a nucleic acid molecule may belong 
exclusively or chimerically to any group of nucleotide 
containing molecules, as exemplified by, but not limited to, 
the following groups of nucleic acid molecules: RNA, DNA, 
genomic nucleic acids, non-genomic nucleic acids, naturally 
occurring and not naturally occurring nucleic acids, and 
Synthetic nucleic acids. This includes, by way of non 
limiting example, nucleic acids associated with any 
organelle, Such as the mitochondria, ribosomal RNA, and 
nucleic acid molecules comprised chimerically of one or 
more components that are not naturally occurring along with 
naturally occurring components. 
0.178 Additionally, a “nucleic acid molecule' may con 
tain in part one or more non-nucleotide-based components 
as exemplified by, but not limited to, amino acids and SugarS. 
Thus, by way of example, but not limitation, a ribozyme that 
is in part nucleotide-based and in part protein-based is 
considered a “nucleic acid molecule'. 

0179. In addition, by way of example, but not limitation, 
a nucleic acid molecule that is labeled with a detectable 
moiety, Such as a radioactive or alternatively a non-radio 
active label, is likewise considered a "nucleic acid mol 
ecule'. 

0180. The terms “nucleic acid sequence coding for” or a 
“DNA coding sequence of or a "nucleotide sequence 
encoding a particular enzyme-as well as other Synony 
mous terms-refer to a DNA sequence which is transcribed 
and translated into an enzyme when placed under the control 
of appropriate regulatory Sequences. A "promotor Sequence' 
is a DNA regulatory region capable of binding RNA poly 
merase in a cell and initiating transcription of a downstream 
(3' direction) coding sequence. The promoter is part of the 
DNA sequence. This Sequence region has a start codon at its 
3' terminus. The promoter Sequence does include the mini 
mum number of bases where elements necessary to initiate 
transcription at levels detectable above background. How 
ever, after the RNA polymerase binds the Sequence and 
transcription is initiated at the start codon (3' terminus with 
a promoter), transcription proceeds downstream in the 3' 
direction. Within the promotor sequence will be found a 
transcription initiation site (conveniently defined by map 
ping with nuclease S1) as well as protein binding domains 
(consensus Sequences) responsible for the binding of RNA 
polymerase. 

0181. The terms “nucleic acid encoding an enzyme (pro 
tein)” or “DNA encoding an enzyme (protein)” or “poly 
nucleotide encoding an enzyme (protein)” and other Syn 
onymous terms encompasses a polynucleotide which 
includes only coding Sequence for the enzyme as well as a 
polynucleotide which includes additional coding and/or 
non-coding Sequence. 

0182. In one preferred embodiment, a “specific nucleic 
acid molecule Species' is defined by its chemical Structure, 
as exemplified by, but not limited to, its primary Sequence. 
In another preferred embodiment, a specific “nucleic acid 
molecule Species' is defined by a function of the nucleic acid 
Species or by a function of a product derived from the 
nucleic acid species. Thus, by way of non-limiting example, 
a “specific nucleic acid molecule Species' may be defined by 
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one or more activities or properties attributable to it, includ 
ing activities or properties attributable its expressed product. 
0183 The instant definition of “assembling a working 
nucleic acid Sample into a nucleic acid library includes the 
process of incorporating a nucleic acid Sample into a vector 
based collection, Such as by ligation into a vector and 
transformation of a host. A description of relevant vectors, 
hosts, and other reagents as well as Specific non-limiting 
examples thereof are provided hereinafter. The instant defi 
nition of “assembling a working nucleic acid Sample into a 
nucleic acid library' also includes the process of incorpo 
rating a nucleic acid Sample into a non-vector-based collec 
tion, Such as by ligation to adaptors. Preferably the adaptors 
can anneal to PCR primers to facilitate amplification by 
PCR. 

0184. Accordingly, in a non-limiting embodiment, a 
“nucleic acid library” is comprised of a vector-based col 
lection of one or more nucleic acid molecules. In another 
preferred embodiment a “nucleic acid library” is comprised 
of a non-vector-based collection of nucleic acid molecules. 
In yet another preferred embodiment a “nucleic acid library” 
is comprised of a combined collection of nucleic acid 
molecules that is in part vector-based and in part non-vector 
based. Preferably, the collection of molecules comprising a 
library is Searchable and Separable according to individual 
nucleic acid molecule Species. 
0185. The present invention provides a “nucleic acid 
construct” or alternatively a “nucleotide construct” or alter 
natively a “DNA construct”. The term “construct” is used 
herein to describe a molecule, Such as a polynucleotide (e.g., 
a phytase polynucleotide) may optionally be chemically 
bonded to one or more additional molecular moieties, Such 
as a vector, or parts of a vector. In a specific-but by no 
means limiting-aspect, a nucleotide construct is exempli 
fied by a DNA expression DNA expression constructs suit 
able for the transformation of a host cell. 

0186. An "oligonucleotide” (or synonymously an 
"oligo') refers to either a single Stranded polydeoxynucle 
otide or two complementary polydeoxynucleotide Strands 
which may be chemically synthesized. Such synthetic oli 
gonucleotides may or may not have a 5" phosphate. Those 
that do not will not ligate to another oligonucleotide without 
adding a phosphate with an ATP in the presence of a kinase. 
A Synthetic oligonucleotide will ligate to a fragment that has 
not been dephosphorylated. To achieve polymerase-based 
amplification (such as with PCR), a “32-fold degenerate 
oligonucleotide that is comprised of, in Series, at least a first 
homologous Sequence, a degenerate N.N.G/T Sequence, and 
a Second homologous Sequence' is mentioned. AS used in 
this context, “homologous' is in reference to homology 
between the oligo and the parental polynucleotide that is 
Subjected to the polymerase-based amplification. 

0187. As used herein, the term “operably linked” refers to 
a linkage of polynucleotide elements in a functional rela 
tionship. A nucleic acid is “operably linked' when it is 
placed into a functional relationship with another nucleic 
acid Sequence. For instance, a promoter or enhancer is 
operably linked to a coding Sequence if it affects the tran 
Scription of the coding Sequence. Operably linked means 
that the DNA sequences being linked are typically contigu 
ous and, where necessary to join two protein coding regions, 
contiguous and in reading frame. 
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0188 A coding sequence is “operably linked to another 
coding Sequence when RNA polymerase will transcribe the 
two coding Sequences into a Single mRNA, which is then 
translated into a single polypeptide having amino acids 
derived from both coding Sequences. The coding Sequences 
need not be contiguous to one another So long as the 
expressed Sequences are ultimately processed to produce the 
desired protein. 
0189 As used herein the term “parental polynucleotide 
Set' is a Set comprised of one or more distinct polynucleotide 
Species. Usually this term fis used in reference to a progeny 
polynucleotide set which is preferably obtained by 
mutagenization of the parental Set, in which case the terms 
"parental”, “starting” and “template' are used interchange 
ably. 

0190. As used herein the term “physiological conditions” 
refers to temperature, pH, ionic strength, Viscosity, and like 
biochemical parameters which are compatible with a viable 
organism, and/or which typically exist intracellularly in a 
viable cultured yeast cell or mammalian cell. For example, 
the intracellular conditions in a yeast cell grown under 
typical laboratory culture conditions are physiological con 
ditions. Suitable in vitro reaction conditions for in vitro 
transcription cocktails are generally physiological condi 
tions. In general, in vitro physiological conditions comprise 
50-200 mM NaCl or KC1, pH 6.5-8.5, 20-45° C. and 
0.001-10 mM divalent cation (e.g., Mg", Ca"); preferably 
about 150 mM NaCl or KC1, pH 7.2-7.6, 5 mM divalent 
cation, and often include 0.01-1.0 percent nonspecific pro 
tein (e.g., BSA). A non-ionic detergent (Tween, NP-40, 
Triton X-100) can often be present, usually at about 0.001 to 
2%, typically 0.05-0.2% (v/v). Particular aqueous conditions 
may be Selected by the practitioner according to conven 
tional methods. For general guidance, the following buffered 
acqueous conditions may be applicable: 10-250 mM NaCl, 
5-50 mM Tris HCl, pH 5-8, with optional addition of 
divalent cation(s) and/or metal chelators and/or non-ionic 
detergents and/or membrane fractions and/or anti-foam 
agents and/or Scintillants. 
0191 Standard convention (5' to 3') is used herein to 
describe the Sequence of double Standed polynucleotides. 
0.192 The term “population” as used herein means a 
collection of components Such as polynucleotides, portions 
or polynucleotides or proteins. A "mixed population: means 
a collection of components which belong to the same family 
of nucleic acids or proteins (i.e., are related) but which differ 
in their sequence (i.e., are not identical) and hence in their 
biological activity. 

0193 A molecule having a “pro-form” refers to a mol 
ecule that undergoes any combination of one or more 
covalent and noncovalent chemical modifications (e.g. gly 
cosylation, proteolytic cleavage, dimerization or oligomer 
ization, temperature-induced or pH-induced conformational 
change, association with a co-factor, etc.) en route to attain 
a more mature molecular form having a property difference 
(e.g. an increase in activity) in comparison with the refer 
ence pro-form molecule. When two or more chemical modi 
fication (e.g. two proteolytic cleavages, or a proteolytic 
cleavage and a deglycosylation) can be distinguished en 
route to the production of a mature molecule, the reference 
precursor molecule may be termed a "pre-pro-form” mol 
ecule. 
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0194 AS used herein, the term “pseudorandom” refers to 
a set of Sequences that have limited variability, Such that, for 
example, the degree of residue variability at another posi 
tion, but any pseudorandom position is allowed Some degree 
of residue variation, however circumscribed. 
0.195 “Ouasi-repeated units”, as used herein, refers to the 
repeats to be re-assorted and are by definition not identical. 
Indeed the method is proposed not only for practically 
identical encoding units produced by mutagenesis of the 
identical starting Sequence, but also the reassortment of 
Similar or related Sequences which may diverge Significantly 
in Some regions. Nevertheless, if the Sequences contain 
Sufficient homologies to be reasserted by this approach, they 
can be referred to as “quasi-repeated' units. 
0196. As used herein “random peptide library” refers to 
a Set of polynucleotide Sequences that encodes a Set of 
random peptides, and to the Set of random peptides encoded 
by those polynucleotide Sequences, as well as the fusion 
proteins contain those random peptides. 
0.197 As used herein, "random peptide sequence” refers 
to an amino acid Sequence composed of two or more amino 
acid monomers and constructed by a stochastic or random 
process. A random peptide can include framework or Scaf 
folding motifs, which may comprise invariant Sequences. 
0198 As used herein, “receptor” refers to a molecule that 
has an affinity for a given ligand. Receptors can be naturally 
occurring or Synthetic molecules. Receptors can be 
employed in an unaltered State or as aggregates with other 
Species. Receptors can be attached, covalently or non 
covalently, to a binding member, either directly or via a 
Specific binding Substance. Examples of receptors include, 
but are not limited to, antibodies, including monoclonal 
antibodies and antisera reactive with Specific antigenic 
determinants (Such as on viruses, cells, or other materials), 
cell membrane receptors, complex carbohydrates and gly 
coproteins, enzymes, and hormone receptors. 
0199 “Recombinant' enzymes refer to enzymes pro 
duced by recombinant DNA techniques, i.e., produced from 
cells transformed by an exogenous DNA construct encoding 
the desired enzyme. “Synthetic enzymes are those prepared 
by chemical Synthesis. 
0200. The term “related polynucleotides' means that 
regions or areas of the polynucleotides are identical and 
regions or areas of the polynucleotides are heterologous. 
0201 “Reductive reassortment”, as used herein, refers to 
the increase in molecular diversity that is accrued through 
deletion (and/or insertion) events that are mediated by 
repeated Sequences. 

0202) The following terms are used to describe the 
Sequence relationships between two or more polynucle 
otides: “reference Sequence,”“comparison window,”“se 
quence identity,”“percentage of Sequence identity,” and 
“substantial identity.” 
0203 A “reference sequence” is a defined sequence used 
as a basis for a Sequence comparison; a reference Sequence 
may be a Subset of a larger Sequence, for example, as a 
Segment of a full-length cDNA or gene Sequence given in a 
Sequence listing, or may comprise a complete cDNA or gene 
Sequence. Generally, a reference Sequence is at least 20 
nucleotides in length, frequently at least 25 nucleotides in 
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length, and often at least 50 nucleotides in length. Since two 
polynucleotides may each (1) comprise a sequence (i.e., a 
portion of the complete polynucleotide Sequence) that is 
similar between the two polynucleotides and (2) may further 
comprise a Sequence that is divergent between the two 
polynucleotides, Sequence comparisons between two (or 
more) polynucleotides are typically performed by compar 
ing Sequences of the two polynucleotides over a “compari 
Son window' to identify and compare local regions of 
Sequence Similarity. 

0204 “Repetitive Index (RI)”, as used herein, is the 
average number of copies of the quasi-repeated units con 
tained in the cloning vector. 

0205 The term “restriction site” refers to a recognition 
Sequence that is necessary for the manifestation of the action 
of a restriction enzyme, and includes a site of catalytic 
cleavage. It is appreciated that a Site of cleavage may or may 
not be contained within a portion of a restriction Site that 
comprises a low ambiguity sequence (i.e. a sequence con 
taining the principal determinant of the frequency of occur 
rence of the restriction site). Thus, in many cases, relevant 
restriction sites contain only a low ambiguity Sequence with 
an internal cleavage site (e.g. G/AATTC in the EcoRI site) 
or an immediately adjacent cleavage site (e.g. /CCWGG in 
the EcoR II site). In other cases, relevant restriction enzymes 
e.g. the Eco57 I site or CTGAAG(16/14) contain a low 
ambiguity Sequence (e.g. the CTGAAG sequence in the 
Eco57 I site) with an external cleavage site (e.g. in the No. 
portion of the Eco57 I site). When an enzyme (e.g. a 
restriction enzyme) is said to “cleave' a polynucleotide, it is 
understood to mean that the restriction enzyme catalyzes or 
facilitates a cleavage of a polynucleotide. 

0206. In a non-limiting aspect, a “selectable polynucle 
otide' is comprised of a 5' terminal region (or end region), 
an intermediate region (i.e. an internal or central region), and 
a 3' terminal region (or end region). AS used in this aspect, 
a 5' terminal region is a region that is located towards a 5' 
polynucleotide terminus (or a 5" polynucleotide end); thus it 
is either partially or entirely in a 5’ half of a polynucleotide. 
Likewise, a 3' terminal region is a region that is located 
towards a 3' polynucleotide terminus (or a 3' polynucleotide 
end); thus it is either partially or entirely in a 3' half of a 
polynucleotide. AS used in this non-limiting exemplification, 
there may be sequence overlap between any two regions or 
even among all three regions. 

0207. The term “sequence identity” means that two poly 
nucleotide Sequences are identical (i.e., on a nucleotide-by 
nucleotide basis) over the window of comparison. The term 
"percentage of Sequence identity” is calculated by compar 
ing two optimally aligned Sequences over the window of 
comparison, determining the number of positions at which 
the identical nucleic acid base (e.g., A, T, C, G, U, or I) 
occurs in both Sequences to yield the number of matched 
positions, dividing the number of matched positions by the 
total number of positions in the window of comparison (i.e., 
the window size), and multiplying the result by 100 to yield 
the percentage of Sequence identity. This "Substantial iden 
tity', as used herein, denotes a characteristic of a polynucle 
otide Sequence, wherein the polynucleotide comprises a 
Sequence having at least 80 percent Sequence identity, pref 
erably at least 85 percent identity, often 90 to 95 percent 
Sequence identity, and most commonly at least 99 percent 
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Sequence identity as compared to a reference Sequence of a 
comparison window of at least 25-50 nucleotides, wherein 
the percentage of Sequence identity is calculated by com 
paring the reference Sequence to the polynucleotide 
Sequence which may include deletions or additions which 
total 20 percent or less of the reference Sequence over the 
window of comparison. 
0208 AS known in the art “similarity” between two 
enzymes is determined by comparing the amino acid 
Sequence and its conserved amino acid Substitutes of one 
enzyme to the Sequence of a Second enzyme. Similarity may 
be determined by procedures which are well-known in the 
art, for example, a BLAST program (Basic Local Alignment 
Search Tool at the National Center for Biological Informa 
tion). 
0209 AS used herein, the term “single-chain antibody” 
refers to a polypeptide comprising a V domain and a V 
domain in polypeptide linkage, generally liked via a Spacer 
peptide (e.g., Gly-Gly-Gly-Gly-Serl), and which may 
comprise additional amino acid Sequences at the amino 
and/or carboxy-termini. For example, a single-chain anti 
body may comprise a tether Segment for linking to the 
encoding polynucleotide. AS an example, a ScFv is a single 
chain antibody. Single-chain antibodies are generally pro 
teins consisting of one or more polypeptide Segments of at 
least 10 contiguous amino Substantially encoded by genes of 
the immunoglobulin Superfamily (e.g., see Williams and 
Barclay, 1989, pp. 361-368, which is incorporated herein by 
reference), most frequently encoded by a rodent, non-human 
primate, avian, porcine bovine, Ovine, goat, or human heavy 
chain or light chain gene Sequence. A functional Single-chain 
antibody generally contains a Sufficient portion of an immu 
noglobulin Superfamily gene product So as to retain the 
property of binding to a specific target molecule, typically a 
receptor or antigen (epitope). 
0210. The members of a pair of molecules (e.g., an 
antibody-antigen pair or a nucleic acid pair) are said to 
“specifically bind” to each other if they bind to each other 
with greater affinity than to other, non-specific molecules. 
For example, an antibody raised against an antigen to which 
it binds more efficiently than to a non-specific protein can be 
described as specifically binding to the antigen. (Similarly, 
a nucleic acid probe can be described as Specifically binding 
to a nucleic acid target if it forms a specific duplex with the 
target by base pairing interactions (See above).) 
0211 “Specific hybridization' is defined herein as the 
formation of hybrids between a first polynucleotide and a 
Second polynucleotide (e.g., a polynucleotide having a dis 
tinct but Substantially identical Sequence to the first poly 
nucleotide), wherein Substantially unrelated polynucleotide 
Sequences do not form hybrids in the mixture. 
0212. The term “specific polynucleotide” means a poly 
nucleotide having certain end points and having a certain 
nucleic acid Sequence. Two polynucleotides wherein one 
polynucleotide has the identical Sequence as a portion of the 
Second polynucleotide but different ends comprises two 
different Specific polynucleotides. 
0213 “Stringent hybridization conditions” means 
hybridization will occur only if there is at least 90% identity, 
preferably at least 95% identity and most preferably at least 
97% identity between the sequences. See Sambrook et al., 
1989, which is hereby incorporated by reference in its 
entirety. 
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0214. Also included in the invention are polypeptides 
having Sequences that are “Substantially identical' to the 
Sequence of a phytase polypeptide, Such as one of SEQ ID 
1. A “Substantially identical amino acid Sequence is a 
Sequence that differs from a reference Sequence only by 
conservative amino acid Substitutions, for example, Substi 
tutions of one amino acid for another of the same class (e.g., 
Substitution of one hydrophobic amino acid, Such as isoleu 
cine, Valine, leucine, or methionine, for another, or Substi 
tution of one polar amino acid for another, Such as Substi 
tution of arginine for lysine, glutamic acid for aspartic acid, 
or glutamine for asparagine). 
0215 Additionally a “substantially identical” amino acid 
Sequence is a Sequence that differs from a reference 
Sequence or by one or more non-conservative Substitutions, 
deletions, or insertions, particularly when Such a Substitution 
occurs at a Site that is not the active site the molecule, and 
provided that the polypeptide essentially retains its behav 
ioural properties. For example, one or more amino acids can 
be deleted from a phytase polypeptide, resulting in modifi 
cation of the Structure of the polypeptide, without signifi 
cantly altering its biological activity. For example, amino- or 
carboxyl-terminal amino acids that are not required for 
phytase biological activity can be removed. Such modifica 
tions can result in the development of Smaller active phytase 
polypeptides. 

0216) The present invention provides a “substantially 
pure enzyme'. The term "Substantially pure enzyme” is used 
herein to describe a molecule, Such as a polypeptide (e.g., a 
phytase polypeptide, or a fragment thereof) that is Substan 
tially free of other proteins, lipids, carbohydrates, nucleic 
acids, and other biological materials with which it is natu 
rally associated. For example, a Substantially pure molecule, 
Such as a polypeptide, can be at least 60%, by dry weight, 
the molecule of interest. The purity of the polypeptides can 
be determined using Standard methods including, e.g., poly 
acrylamide gel electrophoresis (e.g., SDS-PAGE), column 
chromatography (e.g., high performance liquid chromatog 
raphy (HPLC)), and amino-terminal amino acid sequence 
analysis. 

0217. As used herein, “substantially pure” means an 
object species is the predominant species present (i.e., on a 
molar basis it is more abundant than any other individual 
macromolecular species in the composition), and preferably 
Substantially purified fraction is a composition wherein the 
object species comprises at least about 50 percent (on a 
molar basis) of all macromolecular species present. Gener 
ally, a Substantially pure composition will comprise more 
than about 80 to 90 percent of all macromolecular species 
present in the composition. Most preferably, the object 
Species is purified to essential homogeneity (contaminant 
Species cannot be detected in the composition by conven 
tional detection methods) wherein the composition consists 
essentially of a single macromolecular species. Solvent 
Species, Small molecules (<500 Daltons), and elemental ion 
Species are not considered macromolecular Species. 

0218. As used herein, the term “variable segment” refers 
to a portion of a nascent peptide which comprises a random, 
pseudorandom, or defined kernal Sequence. A variable Seg 
ment” refers to a portion of a nascent peptide which com 
prises a random pseudorandom, or defined kernal Sequence. 
A variable Segment can comprise both variant and invariant 
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residue positions, and the degree of residue Variation at a 
variant residue position may be limited: both options are 
Selected at the discretion of the practitioner. Typically, 
variable Segments are about 5 to 20 amino acid residues in 
length (e.g., 8 to 10), although variable segments may be 
longer and may comprise antibody portions or receptor 
proteins, Such as an antibody fragment, a nucleic acid 
binding protein, a receptor protein, and the like. 
0219. The term “wild-type' means that the polynucle 
otide does not comprise any mutations. A "wild type' 
protein means that the protein will be active at a level of 
activity found in nature and will comprise the amino acid 
Sequence found in nature. 
0220. The term “working”, as in “working sample”, for 
example, is simply a Sample with which one is working. 
Likewise, a “working molecule', for example is a molecule 
with which one is working. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0221) The invention described herein is directed to the 
use of repeated cycles of reductive reassortment, recombi 
nation and selection which allow for the directed molecular 
evolution of highly complex linear Sequences, Such as DNA, 
RNA or proteins thorough recombination. 
0222. In vivo shuffling of molecules can be performed 
utilizing the natural property of cells to recombine multim 
ers. 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 inva 
Sion, and metabolic Steps leading to the production of 
recombinant chiasma; and finally 3) the resolution of chi 
asma into discrete recombined molecules. The formation of 
the chiasma requires the recognition of homologous 
Sequences. 

0223) In a preferred embodiment, the invention relates to 
a method for producing a hybrid polynucleotide from at least 
a first polynucleotide and a Second polynucleotide. The 
present invention can be used to produce a hybrid poly 
nucleotide by introducing at least a first polynucleotide and 
a Second polynucleotide which share at least one region of 
partial Sequence homology into a Suitable host cell. The 
regions of partial Sequence homology promote processes 
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 recombina 
tion events which promote Sequence integration between 
DNA molecules. In addition, such hybrid polynucleotides 
can result from intramolecular reductive reasSortment pro 
ceSSes which utilize repeated Sequences to alter a nucleotide 
sequence within a DNA molecule. 
0224. The invention provides a means for generating 
hybrid polynucleotides which may encode biologically 
active hybrid polypeptides. In one aspect, the original poly 
nucleotides encode biologically active polypeptides. The 
method of the invention produces new hybrid polypeptides 
by utilizing cellular processes which integrate the Sequence 
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of the original polynucleotides Such that the resulting hybrid 
polynucleotide encodes a polypeptide demonstrating activi 
ties derived from the original biologically active polypep 
tides. For example, the original polynucleotides may encode 
a particular enzyme from different microorganisms. An 
enzyme encoded by a first polynucleotide from one organ 
ism may, for example, function effectively under a particular 
environmental condition, e.g. high Salinity. An enzyme 
encoded by a Second polynucleotide from a different organ 
ism 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. 

0225. Enzymes encoded by the original polynucleotides 
of the invention include, but are not limited to; oxidoreduc 
tases, transferases, hydrolases, lyases, isomerases and 
ligases. 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 hydrolase activities, the resulting hybrid 
polypeptide encoded by a hybrid polynucleotide can be 
Screened for Specialized hydrolase activities obtained from 
each of the original enzymes, i.e. the type of bond on which 
the hydrolase acts and the temperature at which the hydro 
lase functions. Thus, for example, the hydrolase may be 
Screened to ascertain those chemical functionalities which 
distinguish the hybrid hydrolase from the original hydrol 
yases, Such as: (a) amide (peptide bonds), i.e. proteases; (b) 
ester bonds, i.e. esterases and lipases; (c) acetals, i.e., 
glycosidases and, for example, the temperature, pH or Salt 
concentration at which the hybrid polypeptide functions. 

0226 Sources of the original polynucleotides may be 
isolated from individual organisms ("isolates'), collections 
of organisms that have been grown in defined media 
(“enrichment cultures”), or, most preferably, uncultivated 
organisms (“environmental samples”). The use of a culture 
independent approach to derive polynucleotides encoding 
novel bioactivities from environmental Samples is most 
preferable Since it allows one to access untapped resources 
of biodiversity. 

0227 “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. 
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0228. 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. 

0229. 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 the culturing of an organism or recovered from one 
or more cultured organisms. In one aspect, Such microor 
ganisms may be extremophiles, Such as hyperthermophiles, 
psychrophiles, psychrotrophs, halophiles, barophiles and 
acidophiles. Polynucleotides encoding enzymes isolated 
from extremophilic microorganisms are particularly pre 
ferred. Such enzymes may function at temperatures above 
100 C. in terrestrial hot Springs and deep Sea thermal vents, 
at temperatures 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 greater than 11 in Sewage sludge. For example, 
Several esterases and lipases cloned and expressed from 
extremophilic organisms show high activity throughout a 
wide range of temperatures and pHs. 

0230 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 preferably 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 preferably, 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). 
0231 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. 

0232. 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, 
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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. 
0233 Host cells containing the polynucleotides of inter 
est can be cultured in conventional nutrient media modified 
as appropriate for activating promoters, Selecting transfor 
mants 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. 

0234. 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. 
Polyketides are molecules which are an extremely rich 
Source of bioactivities, including antibiotics (Such as tetra 
cyclines and erythromycin), anti-cancer agents (daunomy 
cin), immunosuppressants (FK506 and rapamycin), and vet 
erinary products (monensin). Many polyketides (produced 
by polyketide Synthases) are valuable as therapeutic agents. 
Polyketide Synthases are multifunctional enzymes that cata 
lyze the biosynthesis of an enormous variety of carbon 
chains differing in length and patterns. of functionality and 
cyclization. Polyketide Synthase genes fall into gene clusters 
and at least one type (designated type I) of polyketide 
Synthases have large size genes and enzymes, complicating 
genetic manipulation and in vitro Studies of these geneS/ 
proteins. 

0235. The ability to select and combine desired compo 
nents from a library of polyketides, or fragments thereof, 
and postpolyketide biosynthesis genes for generation of 
novel polyketides for Study is appealing. The method of the 
present invention makes it possible to facilitate the produc 
tion of novel polyketide Synthases through intermolecular 
recombination. 

0236 Preferably, gene cluster DNA can be isolated from 
different organisms and ligated into vectors, particularly 
vectors containing expression regulatory Sequences which 
can control 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 
appropriate for use with Such gene clusters and are described 
by way of example herein to include the f-factor (or fertility 
factor) of E. coli. This f-factor of E. coli is a plasmid which 
affect high-frequency transfer of itself during conjugation 
and is ideal to achieve and Stably propagate large DNA 
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fragments, Such as gene clusters from mixed microbial 
Samples. Once ligated into an appropriate 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 reorgani 
Zation resulting in a hybrid gene cluster. The novel hybrid 
gene cluster can then be Screened for enhanced activities not 
found in the original gene clusters. 
0237) Therefore, in a preferred embodiment, the present 
invention relates to a method for producing a biologically 
active hybrid polypeptide and Screening Such a polypeptide 
for enhanced activity by: 

0238 1) introducing at least a first polynucleotide in 
operable linkage and a Second polynucleotide in 
operable linkage, Said at least first polynucleotide 
and Second polynucleotide Sharing at least one 
region of partial Sequence homology, into a Suitable 
host cell; 

0239). 2) growing the host cell under conditions 
which promote Sequence reorganization resulting in 
a hybrid polynucleotide in operable linkage; 

0240 3) expressing a hybrid polypeptide encoded 
by the hybrid polynucleotide; 

0241 4) screening the hybrid polypeptide under 
conditions which promote identification of enhanced 
biological activity; and 

0242 5) isolating the a polynucleotide encoding the 
hybrid polypeptide. 

0243 Methods for screening for various enzyme activi 
ties are known to those of Skill in the art and discussed 
throughout the present specification. Such methods may be 
employed when isolating the polypeptides and polynucle 
otides of the present invention. 
0244 AS representative examples of expression vectors 
which may be used there may be mentioned viral particles, 
baculovirus, phage, plasmids, phagemids, cosmids, foSmids, 
bacterial artificial chromosomes, 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). Thus, for example, the DNA may be included in 
any one of a variety of expression vectors for expressing a 
polypeptide. Such vectors include chromosomal, nonchro 
mosomal and Synthetic DNA sequences. Large numbers of 
Suitable vectors are known to those of skill in the art, and are 
commercially available. The following vectors are provided 
by way of example; Bacterial: pCE vectors (Qiagen), pBlue 
script plasmids, pNH vectors, (lambda-ZAP vectors (Strat 
agene); ptrc99a, pKK223-3, pIDR540, pRIT2T (Pharmacia); 
Eukaryotic: pXT1, pSG5 (Stratagene), pSVK3, pBPV, 
pMSG, pSVLSV40 (Pharmacia). However, any other plas 
mid or other vector may be used as 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. 

0245) A preferred type of vector for use in the present 
invention contains an f-factor origin replication. The f-factor 
(or fertility factor) in E. coli is a plasmid which effects high 
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frequency transfer of itself during conjugation and leSS 
frequent transfer of the bacterial chromosome itself. A 
particularly preferred embodiment 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 envi 
ronmental Sample, this makes it possible to achieve large 
genomic fragments in the form of a stable “environmental 
DNA library.” 

0246. Another preferred type of vector for use in the 
present invention is a cosmid vector. CoSmid vectors were 
originally designed to clone and propagate large Segments of 
genomic DNA. Cloning into coSmid vectorS is described in 
detail in “Molecular Cloning: A laboratory Manual” (Sam 
brook et al., 1989). 
0247 The DNA sequence in the expression vector is 
operatively linked to an appropriate expression control 
Sequence(s) (promoter) to direct RNA synthesis. 
0248 Particular named bacterial promoters include lac, 
lac7, T3, T7, gpt, lambda P, P and trip. Eukaryotic pro 
moters include CMV immediate early, HSV thymidine 
kinase, early and late SV40, LTRs from retrovirus, and 
mouse metallothionein-1. 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 CAT (chloramphenicol trans 
ferase) vectors or other vectors with Selectable markers. In 
addition, the expression vectors preferably 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. 
0249 Generally, recombinant expression vectors will 
include origins of replication and Selectable markers per 
mitting transformation of the host cell, e.g., the amplicillin 
resistance gene of E. coli and S. cerevisiae TRP1 gene, and 
a promoter derived from a highly-expressed gene to direct 
transcription of a downstream Structural Sequence. Such 
promoters can be derived from operons encoding glycolytic 
enzymes Such as 3-phosphoglycerate kinase (PGK), C.-fac 
tor, acid phosphatase, or heat shock proteins, among others. 
The heterologous Structural Sequence is assembled in appro 
priate phase with translation initiation and termination 
Sequences, and preferably, a leader Sequence capable of 
directing Secretion of translated protein into the periplasmic 
Space or extracellular medium. 
0250) The cloning strategy permits expression via both 
vector driven and endogenous promoters, vector promotion 
may be important with expression of genes whose endog 
enous promoter will not function in E. coli. 
0251 The DNA isolated or derived from microorganisms 
can preferably be inserted into a vector or a plasmid prior to 
probing for selected DNA. Such vectors or plasmids are 
preferably those containing expression regulatory 
Sequences, including promoters, enhancers and the like. 
Such polynucleotides can be part of a vector and/or a 
composition and Still be isolated, in that Such vector or 
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composition is not part of its natural environment. Particu 
larly preferred phage or plasmid and methods for introduc 
tion and packaging into them are described in detail in the 
protocol Set forth herein. 

0252) The selection of the cloning vector depends upon 
the approach taken, for example, the vector can be any 
cloning vector with an adequate capacity to multiply 
repeated copies of a Sequence, or multiple Sequences that 
can be Successfully transformed and Selected in a host cell. 
One example of Such a vector is described in “Polycos 
vectors: a System for packaging filamentous phage and 
phagemid vectors using lambda phage packaging extracts' 
(Alting-Mecs and Short, 1993). Propagation/maintenance 
can be by an antibiotic resistance carried by the cloning 
vector. After a period of growth, the naturally abbreviated 
molecules are recovered and identified by Size fractionation 
on a gel or column, or amplified directly. The cloning vector 
utilized may contain a Selectable gene that is disrupted by 
the insertion of the lengthy construct. AS reductive reasSort 
ment progresses, the number of repeated units is reduced and 
the interrupted gene is again expressed and hence Selection 
for the processed construct can be applied. The vector may 
be an expression/selection vector which will allow for the 
Selection of an expressed product possessing desirable bio 
logically properties. The insert may be positioned down 
Stream of a functional promotor and the desirable property 
Screened by appropriate means. 

0253. 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 present invention can rely on 
recombination processes of a host cell to recombine and 
re-assort Sequences, or the cells ability to mediate reductive 
processes 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. 

0254 Therefore, in another aspect of the present inven 
tion, novel polynucleotides can be generated by the proceSS 
of reductive reasSortment. The method involves the genera 
tion of constructs containing consecutive sequences (origi 
nal 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 reasSort 
ment process recombines and/or reduces the complexity and 
extent of the repeated Sequences, and results in the produc 
tion of novel molecular species. Various treatments may be 
applied to enhance the rate of reassortment. These could 
include treatment with ultra-violet light, or DNA damaging 
chemicals, and/or the use of host cell lines displaying 
enhanced levels of “genetic instability”. Thus the reassort 
ment process may involve homologous recombination or the 
natural property of quasi-repeated Sequences to direct their 
own evolution. 

0255 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 
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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. 

0256 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 
made with the quasi-repeated sequences in the same orien 
tation to allow higher efficiency. 
0257 Sequences can be assembled in a head to tail 
orientation using any of a variety of methods, including the 
following: 

0258 a) Primers that include a poly-A head and 
poly-T tail which when made single-stranded would 
provide orientation can be utilized. This is accom 
plished by having the first few bases of the primers 
made from RNA and hence easily removed 
RNASeH. 

0259 b) Primers that include unique restriction 
cleavage Sites can be utilized. Multiple sites, a bat 
tery of unique Sequences, and repeated Synthesis and 
ligation StepS would be required. 

0260 c) The inner few bases of the primer could be 
thiolated and an exonuclease used to produce prop 
erly tailed molecules. 

0261) The recovery of the re-assorted sequences relies on 
the identification of cloning vectors with a reduced RI. 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 RI can be 
effected by: 

0262) 1) The use of vectors only stably maintained 
when the construct is reduced in complexity. 

0263. 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. 
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0264. 3) The recovery of vectors containing inter 
rupted genes which can be Selected when insert Size 
decreases. 

0265 4) The use of direct selection techniques with 
an expression vector and the appropriate Selection. 

0266 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. 
0267 The following example demonstrates the method 
of the invention. Encoding nucleic acid sequences (quasi 
repeats) derived from three (3) unique species are depicted. 
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 which are 
designated “A”, “B” and “C”. 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 population of ligated 
molecules. The number of quasi-repeat units can be con 
trolled by the assembly conditions. The average number of 
quasi-repeated units in a construct is defined as the repetitive 
index (RI). 
0268. 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 
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. 
0269 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 (e.g., Such as catalytic 
antibodies) with a predetermined macromolecule, Such as 
for example a proteinaceous receptor, peptide oligosaccha 
ride, Viron, or other predetermined compound or structure. 
0270. The displayed polypeptides, antibodies, peptidomi 
metic antibodies, and variable region Sequences 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 affinity selection. The method can 
be modified Such that the Step of Selecting for a phenotypic 
characteristic can be other than of binding affinity for a 
predetermined molecule (e.g., for catalytic activity, Stability 
oxidation resistance, drug resistance, or detectable pheno 
type conferred upon a host cell). 
0271 The present invention provides a method for gen 
erating libraries of displayed antibodies suitable for affinity 
interactions Screening. The method comprises (1) obtaining 
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first a plurality of Selected library members comprising a 
displayed antibody and an associated polynucleotide encod 
ing Said displayed antibody, and obtaining Said associated 
polynucleotide encoding for Said displayed antibody and 
obtaining Said associated polynucleotides or copies thereof, 
wherein Said associated polynucleotides comprise a region 
of Substantially identical variable region framework 
Sequence, and (2) introducing said polynucleotides into a 
Suitable host cell and growing the cells under conditions 
which promote recombination and reductive reassortment 
resulting in shuffled polynucleotides. CDR combinations 
comprised by the shuffled pool are not present in the first 
plurality of selected library members, said shuffled pool 
composing a library of displayed antibodies comprising 
CDR permutations and suitable for affinity interaction 
Screening. Optionally, the shuffled pool is Subjected to 
affinity screening to select shuffled library members which 
bind to a predetermined epitope (antigen) and thereby select 
ing a plurality of selected shuffled library members. Further, 
the plurality of selectively shuffled library members can be 
shuffled and screened iteratively, from 1 to about 1000 
cycles or as desired until library members having a desired 
binding affinity are obtained. 

0272. In another aspect of the invention, it is envisioned 
that prior to or during recombination or reassortment, poly 
nucleotides generated by the method of the present invention 
can be Subjected to agents or processes which promote the 
introduction of mutations into the original polynucleotides. 
The introduction of Such mutations would increase the 
diversity of resulting hybrid polynucleotides and polypep 
tides encoded therefrom. The agents or processes which 
promote mutagenesis can include, but are not limited to: 
(+)-CC-1065, or a synthetic analog such as (+)-CC-1065 
(N3-Adenine, see Sun and Hurley, 1992); an N-acelylated or 
deacetylated 4'-fluro-4-aminobiphenyl adduct capable of 
inhibiting DNA synthesis (see, for example, van de Poll et 
al, 1992); or a N-acetylated or deacetylated 4-aminobiphe 
nyl 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 replica 
tion, such as 7-bromomethyl-benzalanthracene (“BMA”), 
tris(2,3-dibromopropyl)phosphate ("Tris-BP”), 1,2-di 
bromo-3-chloropropane (“DBCP”), 2-bromoacrolein 
(2BA), benzoapyrene-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-pyri 
dine (“N-hydroxy-PhIP"). Especially preferred “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. 

0273. In another aspect the present invention is directed 
to a method of producing recombinant proteins having 
biological activity by treating a Sample comprising double 
Stranded template polynucleotides encoding a wild-type 
protein under conditions according to the present invention 
which provide for the production of hybrid or re-assorted 
polynucleotides. 
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0274 The invention also provides the use of polynucle 
otide Shuffling to shuffle a population of viral genes (e.g., 
capsid proteins, Spike glycoproteins, polymerases, and pro 
teases) or viral genomes (e.g., paramyxoviridae, orthomyx 
Oviridae, herpesviruses, retroviruses, reoViruses and rhinovi 
ruses). In an embodiment, the invention provides a method 
for shuffling Sequences encoding all or portions of immu 
nogenic viral proteins to generate novel combinations of 
epitopes as well as novel epitopes created by recombination; 
Such shuffled Viral proteins may comprise epitopes or com 
binations of epitopes as well as novel epitopes created by 
recombination; Such shuffled Viral proteins may comprise 
epitopes or combinations of epitopes which are likely to 
arise in the natural environment as a consequence of Viral 
evolution; (e.g., Such as recombination of influenza virus 
Strains). 
0275. The invention also provides a method suitable for 
Shuffling polynucleotide Sequences for generating gene 
therapy vectors and replication-defective gene therapy con 
Structs, Such as may be used for human gene therapy, 
including but not limited to vaccination vectors for DNA 
based vaccination, as well as anti-neoplastic gene therapy 
and other general therapy formats. 

0276. In the polypeptide notation used herein, the left 
hand direction is the amino terminal direction and the 
right-hand direction is the carboxy-terminal direction, in 
accordance with Standard usage and convention. Similarly, 
unless specified otherwise, the left-hand end of Single 
Stranded polynucleotide Sequences is the 5' end; the left 
hand direction of double-Stranded polynucleotide Sequences 
is referred to as the 5' direction. The direction of 5' to 3' 
addition of nascent RNA transcripts is referred to as the 
transcription direction; Sequence regions on the DNA Strand 
having the same Sequence as the RNA and which are 5' to the 
5' end of the RNA transcript are referred to as “upstream 
Sequences'; Sequence regions on the DNA Strand having the 
same sequence as the RNA and which are 3' to the 3' end of 
the coding RNA transcript are referred to as “downstream 
Sequences. 

0277 Methodology 

0278 Nucleic acid shuffling is a method for in vitro or in 
Vivo homologous recombination of pools of shorter or 
Smaller polynucleotides to produce a polynucleotide or 
polynucleotides. Mixtures of related nucleic acid Sequences 
or polynucleotides are subjected to sexual PCR to provide 
random polynucleotides, and reassembled to yield a library 
or mixed population of recombinant hybrid nucleic acid 
molecules or polynucleotides. 
0279. In contrast to cassette mutagenesis, only shuffling 
and error-prone PCR allow one to mutate a pool of 
Sequences blindly (without Sequence information other than 
primers). 
0280 The advantage of the mutagenic shuffling of this 
invention over error-prone PCR alone for repeated selection 
can best be explained with an example from antibody 
engineering. Consider DNA shuffling as compared with 
error-prone PCR (not sexual PCR). The initial library of 
Selected pooled Sequences can consist of related Sequences 
of diverse origin (i.e. antibodies from naive mRNA) or can 
be derived by any type of mutagenesis (including Shuffling) 
of a single antibody gene. A collection of Selected comple 
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mentarity determining regions (“CDRs”) is obtained after 
the first round of affinity selection. In the diagram the thick 
CDRS confer onto the antibody molecule increased affinity 
for the antigen. Shuffling allows the free combinatorial 
association of all of the CDR1S with all of the CDR2s with 
all of the CDR3s, for example. 
0281) This method differs from error-prone PCR, in that 

it is an inverse chain reaction. In error-prone PCR, the 
number of polymerase start Sites and the number of mol 
ecules grows exponentially. Flowever, the Sequence of the 
polymerase Start sites and the Sequence of the molecules 
remains essentially the Same. In contrast, in nucleic acid 
reassembly or shuffling of random polynucleotides the num 
ber of start sites and the number (but not size) of the random 
polynucleotides decreases over time. For polynucleotides 
derived from whole plasmids the theoretical endpoint is a 
Single, large concatemeric molecule. 
0282. Since cross-overs occur at regions of homology, 
recombination will primarily occur between members of the 
Same Sequence family. This discourages combinations of 
CDRS that are grossly incompatible (e.g., directed against 
different epitopes of the same antigen). It is contemplated 
that multiple families of Sequences can be shuffled in the 
Same reaction. Further, shuffling generally conserves the 
relative order, such that, for example, CDR1 will not be 
found in the position of CDR2. 
0283 Rare shufflants will contain a large number of the 
best (e.g. highest affinity) CDRs and these rare shufflants 
may be Selected based on their Superior affinity. 

0284) CDRs from a pool of 100 different selected anti 
body sequences can be permutated in up to 1006 different 
ways. This large number of permutations cannot be repre 
Sented in a Single library of DNA sequences. Accordingly, it 
is contemplated that multiple cycles of DNA shuffling and 
Selection may be required depending on the length of the 
Sequence and the Sequence diversity desired. 

0285) Error-prone PCR, in contrast, keeps all the selected 
CDRS in the same relative Sequence, generating a much 
Smaller mutant cloud. 

0286 The template polynucleotide which may be used in 
the methods of this invention may be DNA or RNA. It may 
be of various lengths depending on the size of the gene or 
Shorter or Smaller polynucleotide to be recombined or reas 
sembled. Preferably, the template polynucleotide is from 50 
bp to 50 kb. It is contemplated that entire vectors containing 
the nucleic acid encoding the protein of interest can be used 
in the methods of this invention, and in fact have been 
Successfully used. 
0287. The template polynucleotide may be obtained by 
amplification using the PCR reaction (U.S. Pat. Nos. 4,683, 
202 and 4,683,195) or other amplification or cloning meth 
ods. However, the removal of free primers from the PCR 
products before subjecting them to pooling of the PCR 
products and sexual PCR may provide more efficient results. 
Failure to adequately remove the primers from the original 
pool before sexual PCR can lead to a low frequency of 
croSSOver clones. 

0288 The template polynucleotide often should be 
double-Stranded. A double-Stranded nucleic acid molecule is 
recommended to ensure that regions of the resulting Single 
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Stranded polynucleotides are complementary to each other 
and thus can hybridize to form a double-Stranded molecule. 
0289. It is contemplated that single-stranded or double 
Stranded nucleic acid polynucleotides having regions of 
identity to the template polynucleotide and regions of het 
erology to the template polynucleotide may be added to the 
template polynucleotide, at this Step. It is also contemplated 
that two different but related polynucleotide templates can 
be mixed at this step. 
0290 The double-stranded polynucleotide template and 
any added double-or Single-Stranded polynucleotides are 
subjected to sexual PCR which includes slowing or halting 
to provide a mixture of from about 5 bp to 5 kb or more. 
Preferably the size of the random polynucleotides is from 
about 10 bp to 1000 bp, more preferably the size of the 
polynucleotides is from about 20 bp to 500 bp. 
0291 Alternatively, it is also contemplated that double 
Stranded nucleic acid having multiple nickS may be used in 
the methods of this invention. A nick is a break in one Strand 
of the double-stranded nucleic acid. The distance between 
such nicks is preferably 5 bp to 5 kb, more preferably 
between 10 bp to 1000 bp. This can provide areas of 
Self-priming to produce Shorter or Smaller polynucleotides to 
be included with the polynucleotides resulting from random 
primers, for example. 
0292. The concentration of any one specific polynucle 
otide will not be greater than 1% by weight of the total 
polynucleotides, more preferably the concentration of any 
one specific nucleic acid Sequence will not be greater than 
0.1% by weight of the total nucleic acid. 
0293. The number of different specific polynucletides in 
the mixture will be at least about 100, preferably at least 
about 500, and more preferably at least about 1000. 
0294. At this step single-stranded or double-stranded 
polynucleotides, either Synthetic or natural, may be added to 
the random double-Stranded shorter or Smaller polynucle 
otides in order to increase the heterogeneity of the mixture 
of polynucleotides. 
0295). It is also contemplated that populations of double 
Stranded randomly broken polynucleotides may be mixed or 
combined at this step with the polynucleotides from the 
Sexual PCR process and optionally Subjected to one or more 
additional sexual PCR cycles. 
0296. Where insertion of mutations into the template 
polynucleotide is desired, Single-Stranded or double 
Stranded polynucleotides having a region of identity to the 
template polynucleotide and a region of heterology to the 
template polynucleotide may be added in a 20 fold exceSS by 
weight as compared to the total nucleic acid, more prefer 
ably the Single-Stranded polynucleotides may be added in a 
10 fold exceSS by weight as compared to the total nucleic 
acid. 

0297 Where a mixture of different but related template 
polynucleotides is desired, populations of polynucleotides 
from each of the templates may be combined at a ratio of leSS 
than about 1:100, more preferably the ratio is less than about 
1:40. For example, a backcroSS of the wild-type polynucle 
otide with a population of mutated polynucleotide may be 
desired to eliminate neutral mutations (e.g., mutations yield 
ing an insubstantial alteration in the phenotypic property 
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being Selected for). In Such an example, the ratio of ran 
domly provided wild-type polynucleotides which may be 
added to the randomly provided sexual PCR cycle hybrid 
polynucleotides is approximately 1:1 to about 100:1, and 
more preferably from 1:1 to 40:1. 
0298 The mixed population of random polynucleotides 
are denatured to form Single-Stranded polynucleotides and 
then re-annealed. Only those Single-Stranded polynucle 
otides having regions of homology with other Single 
Stranded polynucleotides will re-anneal. 
0299 The random polynucleotides may be denatured by 
heating. One skilled in the art could determine the conditions 
necessary to completely denature the double-Stranded 
nucleic acid. Preferably the temperature is from 80° C. to 
100 C., more preferably the temperature is from 90° C. to 
96 C. other methods which may be used to denature the 
polynucleotides include pressure (36) and pH. 
0300. The polynucleotides may be re-annealed by cool 
ing. Preferably the temperature is from 20° C. to 75 C., 
more preferably the temperature is from 40° C. to 65 C. If 
a high frequency of croSSOverS is needed based on an 
average of only 4 consecutive bases of homology, recom 
bination can be forced by using a low annealing temperature, 
although the process becomes more difficult. The degree of 
renaturation which occurs will depend on the degree of 
homology between the population of Single-Stranded poly 
nucleotides. 

0301 Renaturation can be accelerated by the addition of 
polyethylene glycol (“PEG”) or salt. The salt concentration 
is preferably from 0 mM to 200 mM, more preferably the 
salt concentration is from 10 mM to 100 mm. The salt may 
be KCl or NaCl. The concentration of PEG is preferably 
from 0% to 20%, more preferably from 5% to 10%. 
0302) The annealed polynucleotides are next incubated in 
the presence of a nucleic acid polymerase and dNTPs (i.e. 
dATP, dCTP, DGTP and dTTP). The nucleic acid poly 
merase may be the Klenow fragment, the Taq polymerase or 
any other DNA polymerase known in the art. 
0303. The approach to be used for the assembly depends 
on the minimum degree of homology that should still yield 
croSSOverS. If the areas of identity are large, Taq polymerase 
can be used with an annealing temperature of between 
45-65 C. If the areas of identity are small, Klenow poly 
merase can be used with an annealing temperature of 
between 20-30 C. One skilled in the art could vary the 
temperature of annealing to increase the number of croSS 
overs achieved. 

0304. The polymerase may be added to the random 
polynucleotides prior to annealing, Simultaneously with 
annealing or after annealing. 

0305 The cycle of denaturation, renaturation and incu 
bation in the presence of polymerase is referred to herein as 
Shuffling or reassembly of the nucleic acid. This cycle is 
repeated for a desired number of times. Preferably the cycle 
is repeated from 2 to 50 times, more preferably the Sequence 
is repeated from 10 to 40 times. 
0306 The resulting nucleic acid is a larger double 
stranded polynucleotide of from about 50 bp to about 100 
kb, preferably the larger polynucleotide is from 500 bp to 50 
kb. 
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0307 This larger polynucleotides may contain a number 
of copies of a polynucleotide having the Same Size as the 
template polynucleotide in tandem. This concatemeric poly 
nucleotide is then denatured into Single copies of the tem 
plate polynucleotide. The result will be a population of 
polynucleotides of approximately the same size as the 
template polynucleotide. The population will be a mixed 
population where Single or double-Stranded polynucleotides 
having an area of identity and an area of heterology have 
been added to the template polynucleotide prior to shuffling. 
0308 These polynucleotides are then cloned into the 
appropriate vector and the ligation mixture used to transform 
bacteria. 

0309. It is contemplated that the single polynucleotides 
may be obtained from the larger concatemeric polynucle 
otide by amplification of the Single polynucleotide prior to 
cloning by a variety of methods including PCR (U.S. Pat. 
Nos. 4,683,195 and 4,683.202), rather than by digestion of 
the concatemer. 

0310. The vector used for cloning is not critical provided 
that it will accept a polynucleotide of the desired size. If 
expression of the particular polynucleotide is desired, the 
cloning vehicle should further comprise transcription and 
translation Signals next to the Site of insertion of the poly 
nucleotide to allow expression of the polynucleotide in the 
host cell. Preferred vectors include the puC series and the 
pBR series of plasmids. 
0311. The resulting bacterial population will include a 
number of recombinant polynucleotides having random 
mutations. This mixed population may be tested to identify 
the desired recombinant polynucleotides. The method of 
Selection will depend on the polynucleotide desired. 
0312 For example, if a polynucleotide which encodes a 
protein with increased binding efficiency to a ligand is 
desired, the proteins expressed by each of the portions of the 
polynucleotides in the population or library may be tested 
for their ability to bind to the ligand by methods known in 
the art (i.e. panning, affinity chromatography). If a poly 
nucleotide which encodes for a protein with increased drug 
resistance is desired, the proteins expressed by each of the 
polynucleotides in the population or library may be tested 
for their ability to confer drug resistance to the host organ 
ism. One skilled in the art, given knowledge of the desired 
protein, could readily test the population to identify poly 
nucleotides which confer the desired properties onto the 
protein. 
0313. It is contemplated that one skilled in the art could 
use a phage display System in which fragments of the protein 
are expressed as fusion proteins on the phage Surface 
(Pharmacia, Milwaukee Wis.). The recombinant DNA mol 
ecules are cloned into the phage DNA at a Site which results 
in the transcription of a fusion protein a portion of which is 
encoded by the recombinant DNA molecule. The phage 
containing the recombinant nucleic acid molecule undergoes 
replication and transcription in the cell. The leader Sequence 
of the fusion protein directs the transport of the fusion 
protein to the tip of the phage particle. Thus the fusion 
protein which is partially encoded by the recombinant DNA 
molecule is displayed on the phage particle for detection and 
selection by the methods described above. 
0314. It is further contemplated that a number of cycles 
of nucleic acid shuffling may be conducted with polynucle 
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otides from a Sub-population of the first population, which 
Sub-population contains DNA encoding the desired recom 
binant protein. In this manner, proteins with even higher 
binding affinities or enzymatic activity could be achieved. 
0315. It is also contemplated that a number of cycles of 
nucleic acid Shuffling may be conducted with a mixture of 
wild-type polynucleotides and a Sub-population of nucleic 
acid from the first or Subsequent rounds of nucleic acid 
Shuffling in order to remove any Silent mutations from the 
Sub-population. 

0316. Any source of nucleic acid, in purified form can be 
utilized as the Starting nucleic acid. Thus the proceSS may 
employ DNA or RNA including messenger RNA, which 
DNA or RNA may be single or double stranded. In addition, 
a DNA-RNA hybrid which contains one strand of each may 
be utilized. The nucleic acid Sequence may be of various 
lengths depending on the size of the nucleic acid Sequence 
to be mutated. Preferably the Specific nucleic acid Sequence 
is from 50 to 50000 base pairs. It is contemplated that entire 
vectors containing the nucleic acid encoding the protein of 
interest may be used in the methods of this invention. 
0317. The nucleic acid may be obtained from any source, 
for example, from plasmids such a pBR322, from cloned 
DNA or RNA or from natural DNA or RNA from any source 
including bacteria, yeast, viruses and higher organisms. Such 
as plants or animals. DNA or RNA may be extracted from 
blood or tissue material. The template polynucleotide may 
be obtained by amplification using the polynucleotide chain 
reaction (PCR, see U.S. Pat. Nos. 4,683.202 and 4,683,195). 
Alternatively, the polynucleotide may be present in a vector 
present in a cell and Sufficient nucleic acid may be obtained 
by culturing the cell and extracting the nucleic acid from the 
cell by methods known in the art. 
0318) Any specific nucleic acid sequence can be used to 
produce the population of hybrids by the present process. It 
is only necessary that a Small population of hybrid 
Sequences of the Specific nucleic acid Sequence exist or be 
created prior to the present process. 
03.19. The initial small population of the specific nucleic 
acid Sequences having mutations may be created by a 
number of different methods. Mutations may be created by 
error-prone PCR. Error-prone PCR uses low-fidelity poly 
merization conditions to introduce a low level of point 
mutations randomly over a long Sequence. Alternatively, 
mutations can be introduced into the template polynucle 
otide by oligonucleotide-directed mutagenesis. In oligo 
nucleotide-directed mutagenesis, a short Sequence of the 
polynucleotide is removed from the polynucleotide using 
restriction enzyme digestion and is replaced with a Synthetic 
polynucleotide in which various bases have been altered 
from the original Sequence. The polynucleotide Sequence 
can also be altered by chemical mutagenesis. Chemical 
mutagens include, for example, Sodium bisulfite, nitrous 
acid, hydroxylamine, hydrazine or formic acid. other agents 
which are analogues of nucleotide precursors include 
nitroSoguanidine, 5-bromouracil, 2-aminopurine, or acri 
dine. Generally, these agents are added to the PCR reaction 
in place of the nucleotide precursor thereby mutating the 
Sequence. Intercalating agents Such as proflavine, acrifla 
Vine, quinacrine and the like can also be used. Random 
mutagenesis of the polynucleotide Sequence can also be 
achieved by irradiation with X-rays or ultraviolet light. 
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Generally, plasmid polynucleotides So mutagenized are 
introduced into E. coli and propagated as a pool or library of 
hybrid plasmids. 

0320 Alternatively the small mixed population of spe 
cific nucleic acids may be found in nature in that they may 
consist of different alleles of the same gene or the same gene 
from different related Species (i.e., cognate genes). Alterna 
tively, they may be related DNA sequences found within one 
Species, for example, the immunoglobulin genes. 

0321) Once the mixed population of the specific nucleic 
acid Sequences is generated, the polynucleotides can be used 
directly or inserted into an appropriate cloning vector, using 
techniques well-known in, the art. 

0322 The choice of vector depends on the size of the 
polynucleotide Sequence and the host cell to be employed in 
the methods of this invention. The templates of this inven 
tion may be plasmids, phages, cosmids, phagemids, Viruses 
(e.g., retroviruses, parainfluenzavirus, herpesviruses, reoVi 
ruses, paramyxoviruses, and the like), or Selected portions 
thereof (e.g., coat protein, Spike glycoprotein, capsid pro 
tein). For example, cosmids and phagemids are preferred 
where the Specific nucleic acid Sequence to be mutated is 
larger because these vectors are able to Stably propagate 
large polynucleotides. If the mixed population of the Specific 
nucleic acid Sequence is cloned into a vector it can be 
clonally amplified by inserting each vector into a host cell 
and allowing the host cell to amplify the vector. This is 
referred to as clonal amplification because while the abso 
lute number of nucleic acid Sequences increases, the number 
of hybrids does not increase. Utility can be readily deter 
mined by Screening expressed polypeptides. 

0323) The DNA shuffling method of this invention can be 
performed blindly on a pool of unknown Sequences. By 
adding to the reassembly mixture oligonucleotides (with 
ends that are homologous to the Sequences being reas 
Sembled) any sequence mixture can be incorporated at any 
Specific position into another Sequence mixture. Thus, it is 
contemplated that mixtures of Synthetic oligonucleotides, 
PCR polynucleotides or even whole genes can be mixed into 
another Sequence library at defined positions. The insertion 
of one sequence (mixture) is independent from the insertion 
of a Sequence in another part of the template. Thus, the 
degree of recombination, the homology required, and the 
diversity of the library can be independently and simulta 
neously varied along the length of the reassembled DNA. 
0324. This approach of mixing two genes may be useful 
for the humanization of antibodies from murine hybridomas. 
The approach of mixing two genes or inserting alternative 
Sequences into genes may be useful for any therapeutically 
used protein, for example, interleukin I, antibodies, tRA and 
growth hormone. The approach may also be useful in any 
nucleic acid for example, promoters or introns or 31 untrans 
lated region or 51 untranslated regions of genes to increase 
expression or alter Specificity of expression of proteins. The 
approach may also be used to mutate ribozymes or aptamerS. 
0325 Shuffling requires the presence of homologous 
regions Separating regions of diversity. Scaffold-like protein 
structures may be particularly suitable for shuffling. The 
conserved scaffold determines the overall folding by self 
asSociation, while displaying relatively unrestricted loops 
that mediate the Specific binding. Examples of Such Scaffolds 

23 
Dec. 9, 2004 

are the immunoglobulin beta-barrel, and the four-helix 
bundle which are well-known in the art. This shuffling can 
be used to create Scaffold-like proteins with various combi 
nations of mutated Sequences for binding. 
0326 Saturation Mutagenesis 
0327 In one aspect, this invention provides for the use of 
proprietary codon primers (containing a degenerate N.N.G/T 
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. The oligos used are 
comprised contiguously of a first homologous Sequence, a 
degenerate N.N.G/T Sequence, and preferably but not nec 
essarily a Second homologous Sequence. The downstream 
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.G/T sequence includes codons for all 20 amino acids. 
0328. In one aspect, one Such degenerate oligo (com 
prised of one degenerate N.N.G/T cassette) is used for 
Subjecting each original codon in a parental polynucleotide 
template to a full range of codon Substitutions. In another 
aspect, at least two degenerate N.N.G/T 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.G/T Sequence can be contained in one oligo to intro 
duce 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 nucleotide 
Sequence(s). In another aspect, oligos Serviceable for intro 
ducing 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 permutation of 
amino acid additions, deletions, and/or Substitutions. 
0329. 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, 
G/T triplets, i.e. a degenerate (N.N.G/T), Sequence. In 
another aspect, the present invention provides for the use of 
degenerate cassettes having leSS degeneracy than the N,N, 
G/T 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 said 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, 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 
position in a polypeptide. Thus, for a 100 amino acid 
polypeptide, the instant invention provides a way to SyS 
tematically and fairly easily generate 2000 distinct Species 
(i.e. 20 possible amino acids per position X 100 amino acid 
positions). It is appreciated that there is provided, through 
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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 
expression of polypeptide fragments. 

0332 Thus, in a preferred embodiment of this invention, 
each Saturation mutagenesis reaction vessel contains poly 
nucleotides encoding at least 20 progeny polypeptide mol 
ecules 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 Saturation 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 iden 
tified 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 Substitution 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. 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. 

0335 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 
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introduced into a suitable host cell such that a hybrid 
polynucleotide is generated by recombination and reductive 
reasSOrtment. 

0336. 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 
bases in a polynucleotide Sequence, wherein the number of 
bases to be mutagenized is preferably every integer from 15 
to 100,000. Thus, instead of mutagenizing every position 
along a molecule, one can Subject every a discrete number 
of bases (preferably a subset totaling from 15 to 100,000) to 
mutagenesis. Preferably, 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 are preferably 
introduced using a mutagenic primer, containing a heterolo 
gous cassette, also referred to as a mutagenic cassette. 
Preferred 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). The tables below 
show exemplary tri-nucleotide cassettes (there are over 3000 
possibilities in addition to N.N.G/T and N.N.N and N.N.A/ 
C). 
0337 In a general sense, saturation mutagenesis is com 
prised of mutagenizing a complete Set of mutagenic cas 
settes (wherein each cassette is preferably 1-500 bases in 
length) in defined polynucleotide sequence to be 
mutagenized (wherein the sequence to be mutagenized is 
preferably from 15 to 100,000 bases in length). Thusly, 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. 

0338) Defined sequences to be mutagenized (see FIG. 
20) include preferably a whole gene, pathway, cDNA, an 
entire open reading frame (ORF), and entire promoter, 
enhancer, repressor/transactivator, origin of replication, 
intron, operator, or any polynucleotide functional group. 
Generally, a preferred “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. 

0339. In a particularly preferred exemplification a group 
ing of mutations that can be introduced into a mutagenic 
cassette (see Tables 1-85), this invention specifically pro 
vides for degenerate codon Substitutions (using 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. 
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STP NPL POL: NEG: POS: Site 3 Site 1 Site 2 TABLE 

15 
15 
15 
14: 
14 
14 

8 
7 
7 
7: 

22: 
22 

29: 

21 
22: 

2O: 

21: 

21 
29: 
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TABLE Site 1 Site 2 

74. G, A, N G A. 
75. A, T, N A. T 
76. C, A, N C A. 
77. T, T, N. T T 
78. A, A, N A. A. 
79. T, A, N T A. 
80. T. G., N T G 
81. A, G, N A. G 
82. G/C, G, N G/C G 
83. G/C, C, N G/C C 
84. G/C, A, N G/C A 
85. G/C, T, N G/C T 

0340) 

CODON Represented 

GGT YES 
GGC NO 
GGA NO 
GGG YES 
GCT YES 
GCC NO 
GCA NO 
GCG YES 
GTT YES 
GTC NO 
GTA NO 
GTG YES 
TTA NO 
TTG YES 
CTT YES 
CTC NO 
CTA NO 
CTG YES 
ATT YES 
ATC NO 
ATA NO 
ATG YES 
TTT YES 
TTC NO 
TGG YES 
CCT YES 
CCC NO 
CCA NO 
CCG YES 
TCT YES 
TCC NO 
TCA NO 
TCG YES 
AGT YES 
AGC NO 
TGT YES 
TGC NO 
AAT YES 
AAC NO 
CAA NO 
CAG YES 
TAT YES 
TAC NO 
ACT YES 
ACC NO 
ACA NO 
ACG YES 
GAT YES 

26 

-continued 

# of 
Site 3 a.a.s. POS: STP NPL: POL: NEG: 

N 2 O: O: 4: O: O 
N 2 4: O: O: O: O 
N 7 O: 2: O: 2: O 
N 2 4: O: O: O: O 
N 2 O: 2: O: 2: O 
N 1. O: 2: O: O: 2 
N 2 1: 2: O: O: 1. 
N 2 O: 2: O: 2: O 
N 2 4: O: O: 4: O 
N 2 8: O: O: O: O 
N 4 O: 2: 4: 2: O 
N 2 8: O: O: O: O 

TABLE 1. 

Mutagenic Cassette: N. N. G/T 

AMINOACD (Frequency) CATEGORY 

GLYCINE 2 NONPOLAR 

(NPL) 

ALANINE 2 

VALINE 2 

LEUCINE 3 

ISOLEUCNE 1. 

METHONNE 1. 
PHENYLALANINE 1. 

TRYPTOPHAN 1. 
PROLINE 2 

SERINE 3 POLAR 
NONONIZABLE 

(POL) 

CYSTEINE 1. 

ASPARAGINE 1. 

GLUTAMINE 1. 

TYROSINE 1. 

THREONNE 2 

ASPARTIC ACID 1. IONIZABLE: 

(Frequency) 

15 
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TOTAL 

0341 

CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 

CODON 

GAC 
GAA 
GAG 
AAA 
AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
64 

Represented 

NO 
NO 
YES 
NO 
YES 
YES 
NO 
NO 
YES 
NO 
YES 
YES 
NO 
NO 
YES 
NO 
32 

TABLE 1-continued 

27 

Mutagenic Cassette: N. N. G/T 

AMINOACD 

GLUTAMIC ACID 

LYSINE 

ARGINNE 

HISTIDINE 

STOP CODON 

20 Amino Acids Are Represented 

TABLE 2 

Mutagenic Cassette: N. N. GC 

Represented AMINO ACID 

NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
YES 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

(Frequency) CATEGORY 

ACDIC 
NEGATIVE 

CHARGE (NEG) 
IONIZABLE: 
BASIC 
POSITIVE 
CHARGE 

(POS) 

STOPSIGNAL 

(STP) 

NPL POL: NEG: 
15: 9: 2: 

(Frequency) CATEGORY 
2 

1. 

3 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

(Frequency) 

POS: STP = 
5: 

(Frequency) 

15 
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TABLE 2-continued 

Mutagenic Cassette: N. N. GC 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TAT NO TYROSINE 1. 
TAC YES 
ACT NO THREONNE 2 
ACC YES 
ACA NO 
ACG YES 
GAT NO ASPARTIC ACID 1. ONIZABLE: ACDIC 2 
GAC YES NEGATIVE CHARGE 
GAA NO GLUTAMIC ACID 1. (NEG) 
GAG YES 
AAA NO LYSINE 1. ONIZABLE BASIC 5 
AAG YES POSITIVE CHARGE 
CGT NO ARGININE 3 (POS) 
CGC YES 
CGA NO 
CGG YES 
AGA NO 
AGG YES 
CAT NO HISTIDNE 1. 
CAC YES 
TAA NO STOP CODON 1. STOP SIGNAL 1. 
TAG YES (STP) 
TGA NO 
TOTAL TOTAL 20 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 32 15: 9: 2: 5: 1. 

O342 

TABLE 3 

Mutagenic Cassette: N. N. G/A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT NO GLYCINE 2 NONPOLAR 15 
GGC NO (NPL) 
GGA YES 
GGG YES 
GCT NO ALANINE 2 
GCC NO 
GCA YES 
GCG YES 
GTT NO VALINE 2 
GTC NO 
GTA YES 
GTG YES 
TTA YES LEUCINE 4 
TTG YES 
CTT NO 
CTC NO 
CTA YES 
CTG YES 
ATT NO ISOLEUCINE 1. 
ATC NO 
ATA YES 
ATG YES METHONNE 1. 
TTT NO PHENYLALANINE O 
TTC NO 
TGG YES TRYPTOPHAN 1. 
CCT NO PROLINE 2 
CCC NO 
CCA YES 
CCG YES 
TCT NO SERINE 2 POLAR 6 
TCC NO NONONIZABLE 
TCA YES (POL) 
TCG YES 
AGT NO 

Dec. 9, 2004 
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TABLE 3-continued 

Mutagenic Cassette: N. N. G/A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

AGC NO 
TGT NO CYSTEINE O 
TGC NO 
AAT NO ASPARAGINE O 
AAC NO 
CAA YES GLUTAMINE 2 
CAG YES 
TAT NO TYROSINE O 
TAC NO 
ACT NO THREONNE 2 
ACC NO 
ACA YES 
ACG YES 
GAT NO ASPARTIC ACID O ONIZABLE: ACDIC 2 
GAC NO NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 6 
AAG YES POSITIVE CHARGE 
CGT NO ARGININE 4 (POS) 
CGC NO 
CGA YES 
CGG YES 
AGA YES 
AGG YES 
CAT NO HISTIDNE O 
CAC NO 
TAA YES STOP CODON 3 STOP SIGNAL 3 
TAG YES (STP) 
TGA YES 
TOTAL TOTAL 14 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 32 15: 6: 2: 6: 3 

0343) 

TABLE 4 

Mutagenic Cassette: N. N. A/C 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT NO GLYCINE 2 NONPOLAR 14 
GGC YES (NPL) 
GGA YES 
GGG NO 
GCT NO ALANINE 2 
GCC YES 
GCA YES 
GCG NO 
GTT NO VALINE 2 
GTC YES 
GTA YES 
GTG NO 
TTA YES LEUCINE 3 
TTG NO 
CTT NO 
CTC YES 
CTA YES 
CTG NO 
ATT NO ISOLEUCINE 2 
ATC YES 
ATA YES 
ATG NO METHONNE O 
TTT NO PHENYLALANINE 1. 
TTC YES 
TGG NO TRYPTOPHAN O 
CCT NO PROLINE 2 
CCC YES 
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TABLE 4-continued 

Mutagenic Cassette: N. N. A/C 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

CCA YES 
CCG NO 
TCT NO SERINE 3 POLAR 9 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG NO 
AGT NO 
AGC YES 
TGT NO CYSTEINE 1. 
TGC YES 
AAT NO ASPARAGINE 1. 
AAC YES 
CAA YES GLUTAMINE 1. 
CAG NO 
TAT NO TYROSINE 1. 
TAC YES 
ACT NO THREONNE 2 
ACC YES 
ACA YES 
ACG NO 
GAT NO ASPARTIC ACID 1. ONIZABLE: ACDIC 2 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 1. (NEG) 
GAG NO 
AAA YES LYSINE 1. ONIZABLE BASIC 5 
AAG NO POSITIVE CHARGE 
CGT NO ARGININE 3 (POS) 
CGC YES 
CGA YES 
CGG NO 
AGA YES 
AGG NO 
CAT NO HISTIDNE 1. 
CAC YES 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TAG NO (STP) 
TGA YES 
TOTAL TOTAL 18 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 32 14: 9: 2: 5: 2 

0344) 

TABLE 5 

Mutagenic Cassette: N. N. A? T. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 2 NONPOLAR 14 
GGC NO (NPL) 
GGA YES 
GGG NO 
GCT YES ALANINE 2 
GCC NO 
GCA YES 
GCG NO 
GTT YES VALINE 2 
GTC NO 
GTA YES 
GTG NO 
TTA YES LEUCINE 3 
TTG NO 
CTT YES 
CTC NO 
CTA YES 
CTG NO 
ATT YES ISOLEUCINE 2 
ATC NO 
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TABLE 5-continued 

Mutagenic Cassette: N. N. A? T. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

ATA YES 
ATG NO METHONNE O 
TTT YES PHENYLALANINE 1. 
TTC NO 
TGG NO TRYPTOPHAN O 
CCT YES PROLINE 2 
CCC NO 
CCA YES 
CCG NO 
TCT YES SERINE 3 POLAR 9 
TCC NO NONONIZABLE 
TCA YES (POL) 
TCG NO 
AGT YES 
AGC NO 
TGT YES CYSTEINE 1. 
TGC NO 
AAT YES ASPARAGINE 1. 
AAC NO 
CAA YES GLUTAMINE 1. 
CAG NO 
TAT YES TYROSINE 1. 
TAC NO 
ACT YES THREONNE 2 
ACC NO 
ACA YES 
ACG NO 
GAT YES ASPARTIC ACID 1. ONIZABLE: ACDIC 2 
GAC NO NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 1. (NEG) 
GAG NO 
AAA YES LYSINE 1. ONIZABLE BASIC 5 
AAG NO POSITIVE CHARGE 
CGT YES ARGININE 3 (POS) 
CGC NO 
CGA YES 
CGG NO 
AGA YES 
AGG NO 
CAT YES HISTIDNE 1. 
CAC NO 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TAG NO (STP) 
TGA YES 
TOTAL TOTAL 18 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 32 14: 9: 2: 5: 2 

0345) 

TABLE 6 

Mutagenic Cassette: N. N. CIT 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 2 NONPOLAR 14 
GGC YES (NPL) 
GGA NO 
GGG NO 
GCT YES ALANINE 2 
GCC YES 
GCA NO 
GCG NO 
GTT YES VALINE 2 
GTC YES 
GTA NO 
GTG NO 
TTA NO LEUCINE 2 
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TABLE 6-continued 

Mutagenic Cassette: N. N. CIT 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TTG NO 
CTT YES 
CTC YES 
CTA NO 
CTG NO 
ATT YES ISOLEUCINE 2 
ATC YES 
ATA NO 
ATG NO METHONNE O 
TTT YES PHENYLALANINE 2 
TTC YES 
TGG NO TRYPTOPHAN O 
CCT YES PROLINE 2 
CCC YES 
CCA NO 
CCG NO 
TCT YES SERINE 4 POLAR 12 
TCC YES NONONIZABLE 
TCA NO (POL) 
TCG NO 
AGT YES 
AGC YES 
TGT YES CYSTEINE 2 
TGC YES 
AAT YES ASPARAGINE 2 
AAC YES 
CAA NO GLUTAMINE O 
CAG NO 
TAT YES TYROSINE 2 
TAC YES 
ACT YES THREONNE 2 
ACC YES 
ACA NO 
ACG NO 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 2 
GAC YES NEGATIVE CHARGE 
GAA NO GLUTAMIC ACID O (NEG) 
GAG NO 
AAA NO LYSINE O ONIZABLE BASIC 4 
AAG NO POSITIVE CHARGE 
CGT YES ARGININE 2 (POS) 
CGC YES 
CGA NO 
CGG NO 
AGA NO 
AGG NO 
CAT YES HISTIDNE 2 
CAC YES 
TAA NO STOP CODON O STOP SIGNAL O 
TAG NO (STP) 
TGA NO 
TOTAL TOTAL 15 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 32 14: 12: 2: 4: O 

0346) 

TABLE 7 

Mutagenie Cassette: N, N, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 29 
GGC YES (NPL) 
GGA YES 
GGG YES 
GCT YES ALANINE 4 
GCC YES 
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TABLE 7-continued 

Mutagenic Cassette: N, N, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GCA YES 
GCG YES 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 
TTT YES PHENYLALANINE 2 

TTC YES 
TGG YES TRYPTOPHAN 1. 

CCT YES PROLINE 
CCC YES 

CCA YES 
CCG YES 

TCT YES SERINE 6 POLAR 18 

TCC YES NONIONIZABLE 

TCA YES (POL) 
TCG YES 

AGT YES 
AGC YES 

TGT YES CYSTEINE 2 
TGC YES 

AAT YES ASPARAGINE 2 
AAC YES 

CAA YES GLUTAMINE 2 
CAG YES 

TAT YES TYROSINE 2 
TAC YES 

ACT YES THREONNE 4 
ACC YES 

ACA YES 
ACG YES 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 

GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

AAA YES LYSINE 2 ONIZABLE BASIC 1O 
AAG YES POSITIVE CHARGE 

CGT YES ARGININE 6 (POS) 
CGC YES 

CGA YES 
CGG YES 

AGA YES 
AGG YES 

CAT YES HISTIDNE 2 
CAC YES 

TAA YES STOP CODON 3 STOP SIGNAL 3 

TAG YES (STP) 
TGA YES 

TOTAL TOTAL 20 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 
64 64 29: 18: 4: 10: 3 
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0347) 

CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

Represented 

NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
TOTAL 
16 

TABLE 8 

34 

Mutagenic Cassette: N. N. Gi 

AMINO ACID 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 

ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

HISTIDNE 

STOP CODON 

13 Amino Acids Are Represented NPL: POL: 

(Frequency) CATEGORY 

1. NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

(STP) 

8: 3: 1: 3: 
NEG: POS: 

(Frequency) 

8 

STP = 
1. 
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0348 

CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

Represented 

NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
TOTAL 
16 

TABLE 9 

35 

Mutagenie Cassette: N. N. A 

AMINO ACID 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 

ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

HISTIDNE 

STOP CODON 

12 Amino Acids Are Represented NPL: POL: 

(Frequency) CATEGORY 

1. NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

(STP) 

7: 3: 1: 3: 
NEG: POS: 

(Frequency) 

7 

STP = 
2 

Dec. 9, 2004 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

Represented 

NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
TOTAL 
16 

TABLE 10 

36 

Mutagenic Cassette: N. N. C 

AMINO ACID 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 

ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

HISTIDNE 

STOP CODON 

15 Amino Acids Are Represented NPL: POL: 

(Frequency) CATEGORY 

1. 

2 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

(STP) 

7: 6: 1: 2: 
NEG: POS: 

(Frequency) 

7 

STP = 
O 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GGC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

Represented 

YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
YES 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
NO 
YES 
NO 
NO 
NO 
NO 
TOTAL 
16 

37 

TABLE 11 

Mutagenic Cassette: N. N. T. 

AMINO ACID 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 

ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

HISTIDNE 

STOP CODON 

15 Amino Acids Are 
Represented 

(Frequency) CATEGORY (Frequency) 

1. 

2 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

(STP) 

NPL: POL: 
7: 6: 1: 2: 

NEG: POS: 

7 

STP = 
O 

Dec. 9, 2004 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

TABLE 12 

38 

Mutagenie Cassette: N. N. CIG/T 

Represented AMINO ACID 

YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
YES 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
NO 
YES 
YES 
YES 
NO 
YES 
NO 
TOTAL 
48 

GLYCINE 

ALANINE 

VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 

SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 

ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

HISTIDNE 

STOP CODON 

20 Amino Acids Are 
Represented 

(Frequency) CATEGORY 

3 NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

(STP) 

NPL: POL: 
22: 15: 3: 7: 

NEG: POS: 

(Frequency) 

22 

15 

STP = 
1. 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

39 

TABLE 13 

Mutagenie Cassette: N. N. A/G/T 

Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

YES GLYCINE 3 NONPOLAR 
NO (NPL) 
YES 
YES 
YES ALANINE 3 
NO 
YES 
YES 
YES VALINE 3 
NO 
YES 
YES 
YES LEUCINE 5 
YES 
YES 
NO 
YES 
YES 
YES ISOLEUCINE 2 
NO 
YES 
YES METHONNE 1. 
YES PHENYLALANINE 1 
NO 
YES TRYPTOPHAN 1. 
YES PROLINE 3 
NO 
YES 
YES 
YES SERINE 4 POLAR 
NO NONONIZABLE 
YES (POL) 
YES 
YES 
NO 
YES CYSTEINE 1. 
NO 
YES ASPARAGINE 1. 
NO 
YES GLUTAMINE 2 
YES 
YES TYROSINE 1. 
NO 
YES THREONNE 3 
NO 
YES 
YES 
YES ASPARTIC ACID 1 ONIZABLE: ACDIC 
NO NEGATIVE CHARGE 
YES GLUTAMIC ACID 2 (NEG) 
YES 
YES LYSINE 2 ONIZABLE BASIC 
YES POSITIVE CHARGE 
YES ARGININE 5 (POS) 
NO 
YES 
YES 
YES 
YES 
YES HISTIDNE 1. 
NO 
YES STOP CODON 3 STOP SIGNAL 

YES (STP) 
YES 
TOTAL 20 Amino Acids Are NPL: POL: NEG: POS: 
48 Represented 22: 12: 3: 8: 

22 

12 

STP = 
3 

Dec. 9, 2004 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

40 

TABLE 1.4 

Mutagenic Cassette: N. N. A/CFT 

Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

YES GLYCINE 3 NONPOLAR 
YES (NPL) 
YES 
NO 
YES ALANINE 3 
YES 
YES 
NO 
YES VALINE 3 
YES 
YES 
NO 
YES LEUCINE 4 
NO 
YES 
YES 
YES 
NO 
YES ISOLEUCINE 3 
YES 
YES 
NO METHONNE O 
YES PHENYLALANINE 2 
YES 
NO TRYPTOPHAN O 
YES PROLINE 3 
YES 
YES 
NO 
YES SERINE 5 POLAR 
YES NONONIZABLE 
YES (POL) 
NO 
YES 
YES 
YES CYSTEINE 2 
YES 
YES ASPARAGINE 2 
YES 
YES GLUTAMINE 1. 
NO 
YES TYROSINE 2 
YES 
YES THREONNE 3 
YES 
YES 
NO 
YES ASPARTIC ACID 2 ONIZABLE: ACDIC 
YES NEGATIVE CHARGE 
YES GLUTAMIC ACID 1 (NEG) 
NO 
YES LYSINE 1. ONIZABLE BASIC 
NO POSITIVE CHARGE 
YES ARGININE 4 (POS) 
YES 
YES 
NO 
YES 
NO 
YES HISTIDNE 2 
YES 
YES STOP CODON 2 STOP SIGNAL 

NO (STP) 
YES 
TOTAL 18 Amino Acids Are NPL: POL: NEG: POS: 
48 Represented 21: 15: 3: 7: 

21 

15 

STP = 
2 

Dec. 9, 2004 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

AAC 
CAA 
CAG 
TAT 
TAC 
ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
CGT 
CGC 
CGA 
CGG 
AGA 
AGG 
CAT 
CAC 
TAA 
TAG 
TGA 
TOTAL 
64 

41 

TABLE 1.5 

Mutagenic Cassette: N. N. A/CFG 

Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

NO GLYCINE 3 NONPOLAR 
YES (NPL) 
YES 
YES 
NO ALANINE 3 
YES 
YES 
YES 
NO VALINE 3 
YES 
YES 
YES 
YES LEUCINE 5 
YES 
NO 
YES 
YES 
YES 
NO ISOLEUCINE 2 
YES 
YES 
YES METHONNE 1. 
NO PHENYLALANINE 1 
YES 
YES TRYPTOPHAN 1. 
NO PROLINE 3 
YES 
YES 
YES 
NO SERINE 4 POLAR 
YES NONONIZABLE 
YES (POL) 
YES 
NO 
YES 
NO CYSTEINE 1. 
YES 
NO ASPARAGINE 1. 
YES 
YES GLUTAMINE 2 
YES 
NO TYROSINE 1. 
YES 
NO THREONNE 3 
YES 
YES 
YES 
NO ASPARTIC ACID 1 ONIZABLE: ACDIC 
YES NEGATIVE CHARGE 
YES GLUTAMIC ACID 2 (NEG) 
YES 
YES LYSINE 2 ONIZABLE BASIC 
YES POSITIVE CHARGE 
NO ARGININE 5 (POS) 
YES 
YES 
YES 
YES 
YES 
NO HISTIDNE 1. 
YES 
YES STOP CODON 3 STOP SIGNAL 

YES (STP) 
YES 
TOTAL 20 Amino Acids Are NPL: POL: NEG: POS: 
48 Represented 22: 12: 3: 8: 

22 

12 

STP = 
3 

Dec. 9, 2004 
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CODON 

CAA 

GAA 

TAA 

TOTAL 

0356) 

CODON 

AAC 

TAC 

GAC 

CAC 

TOTAL 

TABLE 16 

Mutagenic Cassette: N. A. A 

Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 1. 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

YES GLUTAMINE 1. 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

YES GLUTAMIC ACID 1 NEGATIVE CHARGE 

(NEG) 
YES LYSINE 1. ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 

YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
4 3 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented O: 1: 1: 1: 1. 

TABLE 1.7 

Mutagenic Cassette: N, A, C 

Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 

ALANINE O (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TRYPTOPHAN O 
PROLINE O 

SERINE O POLAR 2 

CYSTEINE O NONONIZABLE 

YES ASPARAGINE 1. (POL) 
GLUTAMINE O 

YES TYROSINE 1. 

THREONNE O 

YES ASPARTIC ACID 1 ONIZABLE: ACDIC 1. 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 

YES HISTIDNE 1. (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
4 4 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented O: 2: 1: 1: O 

Dec. 9, 2004 
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TABLE 1.8 

Mutagenic Cassette: N. A. Gi 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 1. 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAG YES GLUTAMINE 1. 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAG YES GLUTAMIC ACID 1 NEGATIVE CHARGE 

(NEG) 
AAG YES LYSINE 1. ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 

TAG YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 4 3 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented O: 1: 1: 1: 1. 

0358) 

TABLE 20 

Mutagenic Cassette: N, C, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 2 

GCA YES ALANINE 1. (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TRYPTOPHAN O 
CCA YES PROLINE 1. 

TCA YES SERINE 1. POLAR 2 

CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 

TYROSINE O 

ACA YES THREONNE 1. 

ASPARTIC ACID O ONIZABLE: ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 

ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: 2: O: O: O 
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0359 

TABLE 21 

Mutagenie Cassette: N. C. C 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 2 
GCC YES ALANINE 1. (NPL) 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCC YES PROLINE 1. 
TCC YES SERINE 1. POLAR 2 

CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

ACC YES THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: 2: O: O: O 

0360) 

TABLE 22 

Mutagenic Cassette: N, C, G 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 2 

GCG YES ALANINE 1. (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TRYPTOPHAN O 
CCG YES PROLINE 1. 

TCG YES SERINE 1. POLAR 2 

CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 

TYROSINE O 

ACG YES THREONNE 1. 

ASPARTIC ACID O ONIZABLE: ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 

ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: 2: O: O: O 
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TABLE 23 

Mutagenic Cassette: N. C. T. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 2 
GCT YES ALANINE 1. (NPL) 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 1. 
TCT YES SERINE 1. POLAR 2 

CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

ACT YES THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: 2: O: O: O 

0362 

TABLE 24 

Mutagenic Cassette: N, G, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 1. 

ALANINE O (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TRYPTOPHAN O 
PROLINE O 

SERINE O POLAR O 
CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 

TYROSINE O 
THREONNE O 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 

CGA YES ARGININE 2 POSITIVE CHARGE 

AGA YES (POS) 
HISTIDNE 

TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

1: O: O: 2: 1. 
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TABLE 25 

Mutagenic Cassette: N. G. C 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGC YES GLYCINE 1. NONPOLAR 1. 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 

AGC YES SERINE 1. POLAR 2 
TGC YES CYSTEINE 1. NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 1. 

CGC YES ARGININE 1. POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

1: 2: O: 1: O 

0364 

TABLE 26 

Mutagenic Cassette: N, G, G 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGG YES GLYCINE 1. NONPOLAR 2 

ALANINE O (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TGG YES TRYPTOPHAN 1. 
PROLINE O 

SERINE O POLAR O 
CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 

TYROSINE O 
THREONNE O 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 

CGG YES ARGININE 2 POSITIVE CHARGE 

AGG YES (POS) 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 3 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: O: O: 2: O 
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TABLE 27 

Mutagenic Cassette: N. G. T. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 1. NONPOLAR 1. 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 

AGT YES SERINE 1. POLAR 2 
TGT YES CYSTEINE 1. NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 1. 

CGT YES ARGININE 1. POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

1: 2: O: 1: O 

0366) 

TABLE 28 

Mutagenic Cassette: N, T, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 

ALANINE O (NPL) 
GTA YES VALINE 1. 

TTA YES LEUCINE 2 
CTA YES 

ATA YES ISOLEUCINE 1. 
METHONNE O 

PHENYLALANINE O 
TRYPTOPHAN O 

PROLINE O 
SERINE O POLAR O 

CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 3 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 



US 2004/0248143 A1 

0367) 

CODON Represented AMINO ACID 

GTC 

ATC 

TOTAL 

0368) 

CODON Represented 

TOTAL 

YES 
YES 
YES 

YES 

4 

YES 

YES 
YES 

YES 

4 

48 

TABLE 29 

Mutagenic Cassette: N. T. C 

(Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE 1. 
LEUCINE 1. 
ISOLEUCINE 1. 
METHONNE O 
PHENYLALANINE 1. 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 

TABLE 30 

Mutagenic Cassette: N, T. G. 

AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 

ALANINE O (NPL) 
VALINE 1. 

LEUCINE 2 

ISOLEUCINE O 
METHONNE 1. 

PHENYLALANINE O 
TRYPTOPHAN O 

PROLINE O 
SERINE O POLAR O 

CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
3 Amino Acids Are Represented NPL POL NEG POS: STP = 

4: O: O: O: O 
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CODON Represented AMINO ACID 

GTT 

ATT 

TOTAL 

0370 

CODON Represented 

GCA 

CCA 

TCA 

CAA 

ACA 

GAA 

TAA 

TOTAL 

YES 
YES 
YES 

YES 

4 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

8 

TABLE 31 
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Mutagenic Cassette: N. T. T. 

(Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE 1. 
LEUCINE 1. 
ISOLEUCINE 1. 
METHONNE O 
PHENYLALANINE 1. 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
4 Amino Acids Are Represented NPL POL NEG POS: STP = 

4: O: O: O: O 

TABLE 32 

Mutagenic Cassette: N, A/C, A 

AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 2 

ALANINE 1. (NPL) 
VALINE O 

LEUCINE O 
ISOLEUCINE O 

METHONNE O 
PHENYLALANINE O 

TRYPTOPHAN O 
PROLINE 

SERINE POLAR 3 

CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE 

TYROSINE O 

THREONNE 

ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GLUTAMIC ACID NEGATIVE CHARGE 

(NEG) 
LYSINE ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON STOP SIGNAL 1. 

(STP) 
7 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

2: 3: 1: 1: 1. 
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TABLE 33 

Mutagenic Cassette: N, A/G. A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 1. 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 1. 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 1. 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAA YES GLUTAMIC ACID 1. NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 1. ONIZABLE BASIC 3 
CGA YES ARGININE 2 POSITIVE CHARGE 
AGA YES (POS) 

HISTIDNE O 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TGA YES (STP) 
TOTAL 8 5 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

1: 1: 1: 3: 2 

0372) 

TABLE 34 

Mutagenic Cassette: N, A/T, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 

ALANINE O (NPL) 
GTA YES VALINE 1. 
TTA YES LEUCINE 2 
CTA YES 
ATA YES ISOLEUCINE 1. 

METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 1. 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 1. 
TYROSINE O 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAA YES GLUTAMIC ACID 1. NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 1. ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
TAA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 8 6 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: 1: 1: 1: 1. 
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CODON Represented AMINO ACID 

GGA 
GCA 

CCA 
TCA 

ACA 

CGA 
AGA 

TGA 

TOTAL 

0374) 

CODON Represented 

GCA 
GTA 
TTA 
CTA 
ATA 

CCA 
TCA 

ACA 

TOTAL 

YES 
YES 

YES 
YES 

YES 

YES 
YES 

YES 

8 

YES 
YES 
YES 
YES 
YES 

YES 
YES 

YES 

8 

TABLE 35 

51 

Mutagenic Cassette: N. C.G. A 

(Frequency) CATEGORY (Frequency) 

GLYCINE 1. NONPOLAR 3 
ALANINE 1. (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE 1. 
SERINE 1. POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 
ARGININE 2 POSITIVE CHARGE 

(POS) 
HISTIDNE O 
STOP CODON 1. STOP SIGNAL 1. 

(STP) 
6 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

3: 2: O: 2: 1. 

TABLE 36 

Mutagenic Cassette: N, CT, A 

AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 6 

ALANINE 1. (NPL) 
VALINE 1. 
LEUCINE 2 

ISOLEUCINE 1. 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE 1. 
SERINE 1. POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
7 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

6: 2: O: O: O 
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CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 5 
ALANINE O (NPL) 

GTA YES VALINE 1. 
TTA YES LEUCINE 2 
CTA YES 
ATA YES ISOLEUCINE 1. 

METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NO(POL)NIONIZABLE 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 

CGA YES ARGININE 2 POSITIVE CHARGE 
AGA YES (POS) 

HISTIDNE O 
TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 8 5 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

5: O: O: 2: 1. 

0376) 

TABLE 38 

Mutagenie Cassette: N, CIG/T, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 7 
GCA YES ALANINE 1. (NPL) 
GTA YES VALINE 1. 
TTA YES LEUCINE 2 
CTA YES 
ATA YES ISOLEUCINE 1. 

METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCA YES PROLINE 1. 
TCA YES SERINE 1. POLAR 2 

CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 

ACA YES THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 

CGA YES ARGININE 2 POSITIVE CHARGE 

AGA YES (POS) 
HISTIDNE O 

TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 12 9 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

TABLE 37 

52 

Mutagenic Cassette: N. T.G. A 

7: 2: O: 2: 1. 
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TABLE 39 

Mutagenic Cassette: N, A/G/T. A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 5 
ALANINE O (NPL) 

GTA YES VALINE 1. 
TTA YES LEUCINE 2 
CTA YES 
ATA YES ISOLEUCINE 1. 

METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 1. 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 1. 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAA YES GLUTAMIC ACID 1. NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 1. ONIZABLE BASIC 3 
CGA YES ARGININE 2 POSITIVE CHARGE 
AGA YES (POS) 

HISTIDNE O 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TGA YES (STP) 
TOTAL 12 8 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

5: 1: 1: 3: 2 

0378) 

TABLE 40 

Mutagenic Cassette: N, A/CT, A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 6 

GCA YES ALANINE (NPL) 
GTA YES VALINE 
TTA YES LEUCINE 2 
CTA YES 
ATA YES ISOLEUCINE 

METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCA YES PROLINE 
TCA YES SERINE POLAR 3 

CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 
TYROSINE O 

ACA YES THREONNE 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAA YES GLUTAMIC ACID NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE ONIZABLE BASIC 1. 

ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 

TAA YES STOP CODON STOP SIGNAL 1. 

(STP) 
TOTAL 12 10 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

6: 3: 1: 1: 1. 
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TABLE 41 

Mutagenic Cassette: N, ACG. A 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES GLYCINE 1. NONPOLAR 3 
GCA YES ALANINE 1. (NPL) 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCA YES PROLINE 1. 
TCA YES SERINE 1. POLAR 3 

CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 1. 
TYROSINE O 

ACA YES THREONNE 1. 
ASPARTIC ACID O ONIZABLE: ACDIC 1. 

GAA YES GLUTAMIC ACID 1 NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 1. ONIZABLE BASIC 3 
CGA YES ARGININE 2 POSITIVE CHARGE 
AGA YES (POS) 

HISTIDNE O 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TGA YES (STP) 
TOTAL 12 9 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

3: 3: 1: 3: 2 

0380 

TABLE 42 

Mutagenic Cassette: A. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 

ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 

PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 

AGT YES SERINE 2 POLAR 8 
AGC YES NONONIZABLE 

CYSTEINE O (POL) 
AAT YES ASPARAGINE 2 
AAC YES 

GLUTAMINE O 
TYROSINE O 

ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 2 ONIZABLE BASIC 4 

POSITIVE CHARGE 

(POS) 
AAG YES 
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TABLE 42-continued 

Mutagenic Cassette: A. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

AGA YES ARGININE 2 
AGG YES 

HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 16 7 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 4: 8: O: 4: O 

0381) 

TABLE 43 

Mutagenic Cassette: C, N, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 8 
ALANINE O (NPL) 
VALINE O 

CTT YES LEUCINE 4 
CTC YES 
CTA YES 
CTG YES 

ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 

SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 2 
CAG YES 

TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 6 

CGT YES ARGININE 4 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 
CAT YES HISTIDNE 2 
CAC YES 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 16 5 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 8: 2: O: 6: O 

0382) 

TABLE 44 

Mutagenie Cassette: G. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 12 
GGC YES (NPL) 
GGA YES 
GGG YES 
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TABLE 44-continued 

Mutagenic Cassette: G. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GCT YES ALANINE 4 
GCC YES 
GCA YES 
GCG YES 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 

LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 16 5 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 12: O: 4: O: O 

0383) 

TABLE 45 

Mutagenic Cassette: T. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 5 
ALANINE O (NPL) 
VALINE O 

TTA YES LEUCINE 2 
TTG YES 

ISOLEUCINE O 
METHONNE O 

TTT YES PHENYLALANINE 2 
TTC YES 
TGG YES TRYPTOPHAN 1. 

PROLINE O 
TCT YES SERINE 4 POLAR 8 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 
TGT YES CYSTEINE 2 
TGC YES 

ASPARAGINE O 
GLUTAMINE O 

TAT YES TYROSINE 2 
TAC YES 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 



US 2004/0248143 A1 Dec. 9, 2004 
57 

TABLE 45-continued 

Mutagenic Cassette: T. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TAA YES STOP CODON 3 STOP SIGNAL 3 
TAG YES (STP) 
TGA YES 
TOTAL 16 6 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 5: 8: O: O: 3 

0384) 

TABLE 46 

Mutagenic Sassetts; A.C. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 12 
ALANINE O (NPL) 
VALINE O 

CTT YES LEUCINE 4 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONINE 1. 

PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
AGT YES SERINE 2 POLAR 1O 
AGC YES NONONIZABLE 

CYSTEINE O (POL) 
AAT YES ASPARAGINE 2 
AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 

TYROSINE O 
ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: O 
ACDIC 
NEGATIVE 

GLUTAMIC ACID O CHARGE 

(NEG) 
AAA YES LYSINE 2 ONIZABLE BASIC 1O 
AAG YES POSITIVE CHARGE 
CGT YES ARGININE 6 (POS) 
CGC YES 
CGA YES 
CGG YES 
AGA YES 
AGG YES 
CAT YES HISTIDNE 2 
CAC YES 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 32 11 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 12: 10: O: 1O: O 



US 2004/0248143 A1 

0385) 

CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 

ATT 
ATC 
ATA 
ATG 

AGT 
AGC 

AAC 

ACT 
ACC 
ACA 
ACG 
GAT 
GAC 
GAA 
GAG 

AAG 
AGA 
AGG 

TOTAL 

0386) 

CODON 

TTA 

ATT 
ATC 
ATA 
ATG 

TGG 

TABLE 47 

58 

Mutagenic Cassette: A/G. N. N. 

Represented AMINO ACID 

YES GLYCINE 
YES 
YES 
YES 
YES ALANINE 
YES 
YES 
YES 
YES VALINE 
YES 
YES 
YES 

LEUCINE 
YES ISOLEUCINE 
YES 
YES 
YES METHONNE 

PHENYLALANINE 
TRYPTOPHAN 
PROLINE 

YES SERINE 
YES 

CYSTEINE 
YES ASPARAGINE 
YES 

GLUTAMINE 
TYROSINE 

YES THREONNE 
YES 
YES 
YES 
YES ASPARTIC ACID 
YES 
YES GLUTAMIC ACID 
YES 
YES LYSINE 
YES 
YES ARGININE 
YES 

HISTIDNE 
STOP CODON 

32 12 Amino Acids Are 
Represented 

(Frequency) CATEGORY 

4 

O 

O 

2 

2 

TABLE 48 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

STOP SIGNAL 

Mutagenic Cassette: A? T. N. N. 

Represented AMINO ACID 

GLYCINE 
ALANINE 
VALINE 

YES LEUCINE 
YES 
YES ISOLEUCINE 
YES 
YES 
YES METHONNE 
YES PHENYLALANINE 
YES 
YES TRYPTOPHAN 

PROLINE 

(Frequency) CATEGORY 

(Frequency) 

16 

(STP) 
NPL: POL: NEG: POS: STP = 
16: 8: 4: 4: O 

(Frequency) 

NONPOLAR 9 

(NPL) 
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TABLE 48-continued 

Mutagenic Cassette: A? T. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TCT YES SERINE 6 POLAR 16 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 
AGT YES 
AGC YES 
TGT YES CYSTEINE 2 
TGC YES 
AAT YES ASPARAGINE 2 
AAC YES 

GLUTAMINE O 
TAT YES TYROSINE 2 
TAC YES 
ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 2 ONIZABLE BASIC 4 
AAG YES POSITIVE CHARGE 
AGA YES ARGININE 2 (POS) 
AGG YES 

HISTIDNE O 
TAA YES STOP CODON 3 STOP SIGNAL 3 

(STP) 
TAG YES 
TGA YES 
TOTAL 32 12 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 9: 16: O: 4: 3 

0387) 

TABLE 49 

Mutagenic Cassette: CG. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 2O 
GGC YES (NPL) 
GGA YES 
GGG YES 
GCT YES ALANINE 4 
GCC YES 
GCA YES 
GCG YES 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
CTT YES LEUCINE 4 
CTC YES 
CTA YES 
CTG YES 

ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 

SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 2 
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TABLE 49-continued 

Mutagenic Cassette: CG. N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

CAG YES 
TYROSINE O 
THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

LYSINE O ONIZABLE BASIC 6 
CGT YES ARGININE 4 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 
CAT YES HISTIDNE 2 
CAC YES 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 32 10 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 2O: 2: 4: 6: O 

0388 

TABLE 50 

Mutagenic Cassette: CIT, N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 13 
ALANINE O (NPL) 
VALINE O 

TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 

ISOLEUCINE O 
METHONNE O 

TTT YES PHENYLALANINE 2 
TTC YES 
TGG YES TRYPTOPHAN 1. 
CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 4 POLAR 1O 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 
TGT YES CYSTEINE 2 
TGC YES 

ASPARAGINE O 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 6 

CGT YES ARGININE 4 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 3 STOP SIGNAL 3 
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TABLE 50-continued 

Mutagenic Cassette: CIT, N. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TAG YES (STP) 
TGA YES 
TOTAL 32 10 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 13: 10: O: 6: 3 

0389) 

TABLE 51 

Mutagenic Cassette: G/T, N, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 17 

GGC YES (NPL) 
GGA YES 

GGG YES 

GCT YES ALANINE 4 

GCC YES 

GCA YES 

GCG YES 

GTT YES VALINE 4 

GTC YES 
GTA YES 

GTG YES 

TTA YES LEUCINE 2 

TTG YES 

ISOLEUCINE O 

METHONNE O 

TTT YES PHENYLALANINE 2 

TTC YES 

TGG YES TRYPTOPHAN 1. 

PROLINE O 

TCT YES SERINE 4 POLAR 8 

TCC YES NONONIZABLE 

TCA YES (POL) 
TCG YES 

TGT YES CYSTEINE 2 

TGC YES 

ASPARAGINE O 

GLUTAMINE O 

TAT YES TYROSINE 2 

TAC YES 

THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 

GAC YES NEGATIVE CHARGE 

GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

LYSINE O ONIZABLE BASIC O 

ARGININE O POSITIVE CHARGE 

HISTIDNE O (POS) 
TAA YES STOP CODON 3 STOP SIGNAL 3 

TAG YES (STP) 
TGA YES 

TOTAL 32 11 Amino Acids Are NPL: POL: NEG: POS: STP = 

Represented 17: 8: 4: O: 3 
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0390) 

TABLE 52 

Mutagenic Cassette: N. A. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 6 
CYSTEINE O NONONIZABLE 

AAT YES ASPARAGINE 2 (POL) 
AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 

THREONNE O 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 4 
AAG YES POSITIVE CHARGE 

ARGININE O (POS) 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TAG YES (STP) 
TOTAL 16 7 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: 6: 4: 4: 2 

0391) 

TABLE 53 

Mutagenic Cassette: N, C, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 8 
GCT YES ALANINE 4 (NPL) 
GCC YES 
GCA YES 
GCG YES 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 4 POLAR 8 
TCC YES NONONIZABLE 

TCA YES (POL) 
TCG YES 

CYSTEINE O 
ASPARAGINE O 

GLUTAMINE O 
TYROSINE O 
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TABLE 53-continued 

Mutagenic Cassette: N. C. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 16 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

8: 8: O: O: O 

0392) 

TABLE 54 

Mutagenic Cassette: N, G, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 5 

GGC YES (NPL) 
GGA YES 

GGG YES 

ALANINE O 

VALINE O 

LEUCINE O 

ISOLEUCINE O 

METHONNE O 

PHENYLALANINE O 

TGG YES TRYPTOPHAN 1. 

PROLINE O 

AGT YES SERINE 2 POLAR 4 

AGC YES NONONIZABLE 

TGT YES CYSTEINE 2 (POL) 
TGC YES 

ASPARAGINE O 

GLUTAMINE O 

TYROSINE O 

THREONNE O 

ASPARTIC ACID O ONIZABLE ACDIC O 

GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 6 

CGT YES ARGININE 6 POSITIVE CHARGE 

CGC YES (POS) 
CGA YES 

CGG YES 

AGA YES 

AGC YES 

HISTIDNE O 

TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 16 5 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

5: 4: O: 6: 1. 
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CODON 

GTT 
GTC 
GTA 
GTG 
TTA 

CTT 
CTC 
CTA 
CTG 
ATT 
ATC 
ATA 
ATG 

TOTAL 

0394) 

CODON 

GCT 
GCC 
GCA 
GCG 

CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 

64 

TABLE 55 

Mutagenic Cassette: N. T. N. 

Represented AMINO ACID 

GLYCINE O NONPOLAR 
ALANINE O (NPL) 

YES VALINE 4 
YES 
YES 
YES 
YES LEUCINE 6 
YES 
YES 
YES 
YES 
YES 
YES ISOLEUCINE 3 
YES 
YES 
YES METHONNE 1. 
YES PHENYLALANINE 2 
YES 

TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE. BASIC 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL 

(STP) 
16 5 Amino Acids Are Represented NPL: POL: 

16: O: 

TABLE 56 

(Frequency) CATEGORY 

Mutagenic Cassette: N, A/C, N 

Represented AMINO ACID 

GLYCINE 
YES ALANINE 
YES 
YES 
YES 

VALINE 
LEUCINE 
ISOLEUCINE 
METHONNE 
PHENYLALANINE 
TRYPTOPHAN 

YES PROLINE 
YES 
YES 
YES 
YES SERINE 
YES 
YES 
YES 

CYSTEINE 
YES ASPARAGINE 

(Frequency) CATEGORY 

O NONPOLAR 
4 (NPL) 

O 
O 
O 
O 
O 
O 
4 

4 POLAR 
NONONIZABLE 

(POL) 

(Frequency) 

16 

NEG: POS: STP = 
O 

(Frequency) 

8 

14 
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TABLE 56-continued 

Mutagenic Cassette: N, A/C, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 
ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 4 
AAG YES POSITIVE CHARGE 

ARGININE O (POS) 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TAG YES (STP) 
TOTAL 32 11 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

8: 14: 4: 4: 2 

0395) 

TABLE 57 

Mutagenic Cassette: N, A/G. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 5 
GGC YES (NPL) 
GGA YES 
GGG YES 

ALANINE O 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 

TGG YES TRYPTOPHAN 1. 
PROLINE O 

AGT YES SERINE 2 POLAR 1O 
AGC YES NONONIZABLE 
TGT YES CYSTEINE 2 (POL) 
TGC YES 
AAT YES ASPARAGINE 2 
AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 

THREONNE O 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 1O 
AAG YES POSITIVE CHARGE 
CGT YES ARGININE 6 (POS) 
CGC YES 
CGA YES 
CGG YES 
AGA YES 
AGG YES 
CAT YES HISTIDNE 2 
CAC YES 
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TABLE 57-continued 

Mutagenic Cassette: N, A/G. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TAA YES STOP CODON 3 STOP SIGNAL 3 
TAG YES (STP) 
TGA YES 
TOTAL 32 12 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

5: 10: 4: 10: 3 

0396) 

TABLE 58 

Mutagenic Cassette: N, A/T, N. 

CODON Represented CATEGORY (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 16 

ALANINE O (NPL) 
GTT YES VALINE 4 

GTC YES 

GTA YES 

GTG YES 

TTA YES LEUCINE 6 

TTG YES 

CTT YES 
CTC YES 

CTA YES 

CTG YES 

ATT YES ISOLEUCINE 3 

ATC YES 

ATA YES 

ATG YES METHONNE 1. 

TTT YES PHENYLALANINE 2 

TTC YES 

TRYPTOPHAN O 

PROLINE O 

SERINE O POLAR 6 

CYSTEINE O NONONIZABLE 

AAT YES ASPARAGINE 2 (POL) 
AAC YES 

CAA YES GLUTAMINE 2 

CAG YES 

TAT YES TYROSINE 2 

TAC YES 

THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 

GAC YES NEGATIVE CHARGE 

GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

AAA YES LYSINE 2 ONIZABLE BASIC 4 

AAG YES POSITIVE CHARGE 

ARGININE O (POS) 
CAT YES HISTIDNE 2 

CAC YES 

TAA YES STOP CODON 2 STOP SIGNAL 2 

TAG YES (STP) 
TOTAL 32 12 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

16: 6: 4: 4: 2 
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CODON 

GGT 
GGC 
GGA 
GGG 
GCT 
GCC 
GCA 
GCG 

TGG 
CCT 
CCC 
CCA 
CCG 
TCT 
TCC 
TCA 
TCG 
AGT 
AGC 
TGT 
TGC 

ACT 
ACC 
ACA 
ACG 

CGT 
CGC 
CGA 
CGG 
AGA 
AGG 

TGA 

0398 

CODON 

GCT 
GCC 
GCA 
GCG 
GTT 
GTC 
GTA 
GTG 

Represented 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 

YES 
YES 
YES 
YES 
YES 
YES 

YES 

32 

Represented 

YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

TABLE 59 

67 

Mutagenic Cassette: N. C.G. N. 

AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE 4 NONPOLAR 13 

(NPL) 

ALANINE 4 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN 1. 
PROLINE 4 

SERINE 6 POLAR 12 
NONONIZABLE 

(POL) 

CYSTEINE 2 

ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE 4 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 6 
ARGININE 6 POSITIVE CHARGE 

(POS) 

HISTIDNE O 
STOP CODON 1. STOP SIGNAL 1. 

(STP) 
8 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

13: 12: O: 6: 1. 

TABLE 60 

Mutagenie Cassette: N, CT, N. 

AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 24 
ALANINE 4 (NPL) 

VALINE 4 
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TABLE 60-continued 

Mutagenic Cassette: N, CT, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 
TTT YES PHENYLALANINE 2 
TTC YES 

TRYPTOPHAN O 
CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 4 POLAR 8 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 

CYSTEINE O 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 

ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 32 9 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

24: 8: O: O: O 

0399) 

TABLE 61 

Mutagenic Cassette: N. G/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 21 
GGC YES (NPL) 
GGA YES 
GGG YES 

ALANINE O 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 
TTT YES PHENYLALANINE 2 
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TABLE 61-continued 

Mutagenic Cassette: N. G/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

TTC YES 
TGG YES TRYPTOPHAN 1. 

PROLINE O 
AGT YES SERINE 2 POLAR 4 
AGC YES NONONIZABLE 
TGT YES CYSTEINE 2 (POL) 
TGC YES 

ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 6 

CGT YES ARGININE 6 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 
AGA YES 
AGG YES 

HISTIDNE O 
TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 32 10 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

21: 4: O: 6: 1. 

04.00 

TABLE 62 

Mutagenic Cassette: N, ACG, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 13 
GGC YES (NPL) 
GGA YES 
GGG YES 
GCT YES ALANINE 4 
GCC YES 
GCA YES 
GCG YES 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 

TGG YES TRYPTOPHAN 1. 
CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 6 POLAR 18 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 
AGT YES 
AGC YES 
TGT YES CYSTEINE 2 
TGC YES 
AAT YES ASPARAGINE 2 
AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 
ACT YES THREONNE 4 
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TABLE 62-continued 

Mutagenic Cassette: N, ACG, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

ACC YES 
ACA YES 
ACG YES 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 1O 
AAG YES POSITIVE CHARGE 
CGT YES ARGININE 6 (POS) 
CGC YES 
CGA YES 
CGG YES 
AGA YES 
AGG YES 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 3 STOP SIGNAL 3 
TAG YES (STP) 
TGA YES 
TOTAL 48 15 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

13: 18: 4: 10: 3 

0401) 

TABLE 63 

Mutagenic Cassette: N, ACT, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 24 
GCT YES ALANINE 4 (NPL) 
GCC YES 
GCA YES 
GCG YES 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 
TTT YES PHENYLALANINE 2 
TTC YES 

TRYPTOPHAN O 
CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 4 POLAR 14 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 

CYSTEINE O 
AAT YES ASPARAGINE 2 
AAC YES 
CAA YES GLUTAMINE 2 
CAG YES 
TAT YES TYROSINE 2 
TAC YES 
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TABLE 63-continued 

Mutagenic Cassette: N, ACT, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 
GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 
AAA YES LYSINE 2 ONIZABLE BASIC 4 
AAG YES POSITIVE CHARGE 

ARGININE O (POS) 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 2 STOP SIGNAL 2 
TAG YES (STP) 
TOTAL 48 16 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

24: 14: 4: 4: 2 

0402 

TABLE 64 

Mutagenic Cassette: N. A?G/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES 
GGC YES 
GGA YES 
GGG YES 

GTT YES 
GTC YES 
GTA YES 
GTG YES 
TTA YES 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES 
ATC YES 
ATA YES 
ATG YES 
TTT YES 
TTC YES 
TGG YES 

AGT YES 
AGC YES 
TGT YES 
TGC YES 
AAT YES 
AAC YES 
CAA YES 
CAG YES 
TAT YES 
TAC YES 

GAT YES 
GAC YES 
GAA YES 
GAG YES 
AAA YES 
AAG YES 
CGT YES 
CGC YES 

GLYCINE 

ALANINE 
VALINE 

LEUCINE 

ISOLEUCINE 

METHONNE 
PHENYLALANINE 

TRYPTOPHAN 
PROLINE 
SERINE 

CYSTEINE 

ASPARAGINE 

GLUTAMINE 

TYROSINE 

THREONNE 
ASPARTIC ACID 

GLUTAMIC ACID 

LYSINE 

ARGININE 

4 

O 

3 

2 

O 

2 

2 

2 

2 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

21 

1O 
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TABLE 64-continued 

Mutagenic Cassette: N, A/G/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

CGA YES 
CGG YES 
AGA YES 
AGG YES 
CAT YES HISTIDNE 2 
CAC YES 
TAA YES STOP CODON 3 STOP SIGNAL 3 
TAG YES (STP) 
TGA YES 
TOTAL 48 17 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

21: 10: 4: 10: 3 

0403) 

TABLE 65 

Mutagenic Cassette: N, CIG/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 29 
GGC YES (NPL) 
GGA YES 
GGG YES 
GCT YES ALANINE 4 
GCC YES 
GCA YES 
GCG YES 
GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
TTA YES LEUCINE 6 
TTG YES 
CTT YES 
CTC YES 
CTA YES 
CTG YES 
ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 
TTT YES PHENYLALANINE 2 
TTC YES 
TGG YES TRYPTOPHAN 1. 
CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 
TCT YES SERINE 6 POLAR 12 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 
AGT YES 
AGC YES 
TGT YES CYSTEINE 2 
TGC YES 

ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 

ACT YES THREONNE 4 
ACC YES 
ACA YES 
ACG YES 

ASPARTIC ACID O ONIZABLE: ACDIC O 
NEGATIVE CHARGE 

(NEG) 
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TABLE 65-continued 

Mutagenic Cassette: N, CIG/T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC 6 

CGT YES ARGININE 6 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 
AGA YES 
AGG YES 

HISTIDNE O 
TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 48 13 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

29: 12: O: 6: 1. 

04.04 

TABLE 66 

Mutagenic Cassette: C. C. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 

SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

NEGATIVE CHARGE 

(NEG) 
GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC O 

POSITIVE CHARGE 

(POS) 
ARGININE O 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 

0405 

TABLE 67 

Mutagenic Cassette: G, G, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 4 

GGC YES (NPL) 
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TABLE 67-continued 

Mutagenic Cassette: G. G. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGA YES 
GGG YES 

ALANINE O 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

NEGATIVE CHARGE 

(NEG) 
GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC O 

POSITIVE CHARGE 

(POS) 
ARGININE O 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTALO 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

4: O: O: O 

0406) 

TABLE 68 

Mutagenic Cassette: G. C. N. 

CODON Represented AMINO ACID 

GCT YES 
GCC YES 
GCA YES 
GCG YES 

GLYCINE 
ALANINE 

VALINE 
LEUCINE 
ISOLEUCINE 
METHONNE 
PHENYLALANINE 
TRYPTOPHAN 
PROLINE 
SERINE 

CYSTEINE 
ASPARAGINE 
GLUTAMINE 
TYROSINE 
THREONNE 
ASPARTIC ACID 

GLUTAMIC ACID 
LYSINE 

ARGININE 
HISTIDNE 

(Frequency) CATEGORY 

O 
4 

O 

NONPOLAR 

(NPL) 

POLAR 
NONONIZABLE 

(POL) 

ONIZABLE: ACDIC 
NEGATIVE CHARGE 

(NEG) 

ONIZABLE BASIC 
POSITIVE CHARGE 

(POS) 

(Frequency) 

4 
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TABLE 68-continued 

Mutagenic Cassette: G. C. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 

0407 

TABLE 69 

Mutagenic Cassette: G. T. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 

GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 

LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 

NONONIZABLE 

(POL) 
CYSTEINE O 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

NEGATIVE CHARGE 

(NEG) 
GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC O 

POSITIVE CHARGE 

(POS) 
ARGININE O 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 

0408) 

TABLE 70 

Mutagenie Cassette: C, G, N - 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
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TABLE 70-continued 

Mutagenic Cassette: C, G, N - 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

SERINE O POLAR O 
NONONIZABLE 

(POL) 
CYSTEINE O 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

NEGATIVE CHARGE 

(NEG) 
GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC 4 

POSITIVE CHARGE 

(POS) 
CGT YES ARGININE 4 
CGC YES 
CGA YES 
CGG YES 

HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

O: O: O: 4: O 

04.09 

TABLE 71 

Mutagenic Cassette: C. T. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE O 

CTT YES LEUCINE 4 
CTC YES 
CTA YES 
CTG YES 

ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 

NEGATIVE CHARGE 

(NEG) 
GLUTAMIC ACID O 
LYSINE O ONIZABLE BASIC O 

POSITIVE CHARGE 

(POS) 
ARGININE O 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 
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CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 

TCT YES SERINE 4 POLAR 4 
TCC YES NONONIZABLE 
TCA YES (POL) 
TCG YES 

CYSTEINE O 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

O: 4: O: O: O 

0411 

77 

TABLE 72 

Mutagenic Cassette: T. C. N. 

TABLE 73 

Mutagenie Cassette: A. C. N. 

CODON Represented AMINO ACID 

ACT 
ACC 
ACA 
ACG 

TOTAL 

YES 
YES 
YES 
YES 

4 

(Frequency) (Frequency) CATEGORY 

GLYCINE O NONPOLAR 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE 4 

ASPARTIC ACID O ONIZABLE: ACDIC 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL 

(STP 
1 Amino Acid Is Represented NPL: POL: NEG: POS: 

O: 4: O: O: 

O 

STP = 
O 
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0412 

TABLE 74 

Mutagenic Cassette: G. A. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: O: 4: O: O 

0413) 

TABLE 75 

Mutagenic Cassette: A, T, N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 

ATT YES ISOLEUCINE 3 
ATC YES 
ATA YES 
ATG YES METHONNE 1. 

PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 
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0414) 

TABLE 76 

Mutagenie Cassette: C. A. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 

(NPL) 
ALANINE O 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 2 
CAG YES 

TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 
ARGININE O POSITIVE CHARGE 

CAT YES HISTIDNE 2 (POS) 
CAC YES 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: 2: O: 2: O 

0415) 

TABLE 77 

Mutagenic Cassette: T. T. N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 4 
ALANINE O (NPL) 
VALINE O 

TTA YES LEUCINE 2 
TTG YES 

ISOLEUCINE O 
METHONNE O 

TTT YES PHENYLALANINE 2 
TTC YES 

TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 

O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: O: O: O: O 
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0416) 

TABLE 78 

Mutagenie Cassette: A. A. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 

AAT YES ASPARAGINE 2 (POL) 
AAC YES 

GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
AAA YES LYSINE 2 ONIZABLE BASIC 2 
AAG YES POSITIVE CHARGE 

ARGININE O (POS) 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: 2: O: 2: O 

0417 

TABLE 79 

Mutagenic Cassette: T, A, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 

ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 

ASPARAGINE O (POL) 
GLUTAMINE O 

TAT YES TYROSINE 2 
TAC YES 

THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 

TAA YES STOP CODON 2 STOP SIGNAL 2 

TAG YES (STP) 
TOTAL 4 1 Amino Acid Is Represented NPL: POL: NEG: POS: STP = 

O: 2: O: O: 2 
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0418) 

TABLE 80 

Mutagenic Cassette: T. G. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 1. 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 

TGG YES TRYPTOPHAN 1. 
PROLINE O 
SERINE O POLAR 2 

TGT YES CYSTEINE 2 NONONIZABLE 
TGC YES (POL) 

TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 

(POS) 
HISTIDNE O 

TGA YES STOP CODON 1. STOP SIGNAL 1. 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

1: 2: O: O: 1. 

0419) 

TABLE 81 

Mutagenic Cassette: A, G, N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 

AGT YES SERINE 2 POLAR 2 
AGC YES NONONIZABLE 

CYSTEINE O (POL) 
ASPARAGINE O 
GLUTAMINE O 
TYROSINE O 
THREONNE O 

ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 2 

AGA YES ARGININE 2 POSITIVE CHARGE 

AGG YES (POS) 
HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 4 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: 2: O: 2: O 



US 2004/0248143 A1 
82 

0420 

TABLE 82 

Mutagenic Cassette: G/C. G. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GGT YES GLYCINE 4 NONPOLAR 4 
GGC YES (NPL) 
GGA YES 
GGG YES 

ALANINE O 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC 4 

CGT YES ARGININE 4 POSITIVE CHARGE 
CGC YES (POS) 
CGA YES 
CGG YES 

HISTIDNE O 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 8 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

4: O: O: 4: O 

0421) 

TABLE 83 

Mutagenic Cassette: G/C. C. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 8 
GCT YES ALANINE 4 (NPL) 
GCC YES 
GCA YES 
GCG YES 

VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 

CCT YES PROLINE 4 
CCC YES 
CCA YES 
CCG YES 

SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
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TABLE 83-continued 

Mutagenic Cassette: G/C. C. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 8 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

8: O: O: O: O 

0422 

TABLE 84 

Mutagenic Cassette: G/C. A. N. 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR O 
ALANINE O (NPL) 
VALINE O 
LEUCINE O 
ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
PROLINE O 
SERINE O POLAR 2 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 

CAA YES GLUTAMINE 2 
CAG YES 

TYROSINE O 
THREONNE O 

GAT YES ASPARTIC ACID 2 ONIZABLE: ACDIC 4 
GAC YES NEGATIVE CHARGE 
GAA YES GLUTAMIC ACID 2 (NEG) 
GAG YES 

LYSINE O ONIZABLE BASIC 2 
ARGININE O POSITIVE CHARGE 

CAT YES HISTIDNE 2 (POS) 
CAC YES 

STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 8 4 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

O: 2: 4: 2: O 

0423 

TABLE 85 

Mutagenic Cassette: G/C. T. N 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

GLYCINE O NONPOLAR 8 
ALANINE O (NPL) 

GTT YES VALINE 4 
GTC YES 
GTA YES 
GTG YES 
CTT YES LEUCINE 4 
CTC YES 
CTA YES 
CTG YES 

ISOLEUCINE O 
METHONNE O 
PHENYLALANINE O 
TRYPTOPHAN O 
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TABLE 85-continued 

Mutagenic Cassette: G/C. T. N 

Dec. 9, 2004 

CODON Represented AMINO ACID (Frequency) CATEGORY (Frequency) 

PROLINE O 
SERINE O POLAR O 
CYSTEINE O NONONIZABLE 
ASPARAGINE O (POL) 
GLUTAMINE O 
TYROSINE O 
THREONNE O 
ASPARTIC ACID O ONIZABLE: ACDIC O 
GLUTAMIC ACID O NEGATIVE CHARGE 

(NEG) 
LYSINE O ONIZABLE BASIC O 
ARGININE O POSITIVE CHARGE 
HISTIDNE O (POS) 
STOP CODON O STOP SIGNAL O 

(STP) 
TOTAL 8 2 Amino Acids Are Represented NPL: POL: NEG: POS: STP = 

8: O: O: O: O 

0424 2.11.2.3. Exonuclease-Mediated Reassembly 
0425. In a particular embodiment, this invention provides 
for a method for Shuffling, assembling, reassembling, 
recombining, &/or concatenating at least two polynucle 
otides to form a progeny polynucleotide (e.g. a chimeric 
progeny polynucleotide that can be expressed to produce a 
polypeptide or a gene pathway). In a particular embodiment, 
a double Stranded polynucleotide end (e.g. two single 
Stranded Sequences hybridized to each other as hybridization 
partners) is treated with an exonuclease to liberate nucle 
otides from one of the two Strands, leaving the remaining 
Strand free of its original partner So that, if desired, the 
remaining Strand may be used to achieve hybridization to 
another partner. 
0426 In a particular aspect, a double Stranded polynucle 
otide end (that may be part of or connected to-a poly 
nucleotide or a nonpolynucleotide sequence) is Subjected to 
a Source of exonuclease activity. Serviceable Sources of 
exonuclease activity may be an enzyme with 3' exonuclease 
activity, an enzyme with 5' exonuclease activity, an enzyme 
with both 3' exonuclease activity and 5' exonuclease activity, 
and any combination thereof. An exonuclease can be used to 
liberate nucleotides from one or both ends of a linear double 
Stranded polynucleotide, and from one to all ends of a 
branched polynucleotide having more than two ends. The 
mechanism of action of this liberation is believed to be 
comprised of an enzymatically-catalyzed hydrolysis of ter 
minal nucleotides, and can be allowed to proceed in a 
time-dependent fashion, allowing experimental control of 
the progression of the enzymatic process. 

0427 By contrast, a non-enzymatic step may be used to 
Shuffle, assemble, reassemble, recombine, and/or concat 
enate polynucleotide building blocks that is comprised of 
Subjecting a working Sample to denaturing (or "melting) 
conditions (for example, by changing temperature, pH, 
and/or Salinity conditions) So as to melt a working set of 
double Stranded polynucleotides into Single polynucleotide 
Strands. For Shuffling, it is desirable that the Single poly 
nucleotide Strands participate to Some extent in annealment 
with different hybridization partners (i.e. and not merely 
revert to exclusive reannealment between what were former 

partners before the denaturation step). The presence of the 
former hybridization partners in the reaction vessel, how 
ever, does not preclude, and may Sometimes even favor, 
reannealment of a Single Stranded polynucleotide with its 
former partner, to recreate an original double Stranded 
polynucleotide. 

0428. In contrast to this non-enzymatic shuffling step 
comprised of Subjecting double Stranded polynucleotide 
building blocks to denaturation, followed by annealment, the 
instant invention further provides an exonuclease-based 
approach requiring no denaturation-rather, the avoidance 
of denaturing conditions and the maintenance of double 
Stranded polynucleotide Substrates in annealed (i.e. non 
denatured) state are necessary conditions for the action of 
exonucleases (e.g., exonuclease III and red alpha gene 
product). Additionally in contrast, the generation of Single 
Stranded polynucleotide Sequences capable of hybridizing to 
other Single Stranded polynucleotide Sequences is the result 
of covalent cleavage-and hence Sequence destruction-in 
one of the hybridization partners. For example, an exonu 
clease III enzyme may be used to enzymatically liberate 3 
terminal nucleotides in one hybridization Strand (to achieve 
covalent hydrolysis in that polynucleotide Strand); and this 
favors hybridization of the remaining Single Strand to a new 
partner (since its former partner was Subjected to covalent 
cleavage). 

0429. By way of further illustration, a specific exonu 
clease, namely exonuclease III is provided herein as an 
example of a 3’ exonuclease; however, other exonucleases 
may also be used, including enzymes with 5' exonuclease 
activity and enzymes with 3' exonuclease activity, and 
including enzymes not yet discovered and enzymes not yet 
developed. It is particularly appreciated that enzymes can be 
discovered, optimized (e.g. engineered by directed evolu 
tion), or both discovered and optimized specifically for the 
instantly disclosed approach that have more optimal rates 
&/or more highly Specific activities &/or greater lack of 
unwanted activities. In fact it is expected that the instant 
invention may encourage the discovery &/or development of 
Such designer enzymes. In Sum, this invention may be 
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practiced with a variety of currently available exonuclease 
enzymes, as well as enzymes not yet discovered and 
enzymes not yet developed. 

0430. The exonuclease action of exonuclease III requires 
a working double Stranded polynucleotide end that is either 
blunt or has a 5' overhang, and the exonuclease action is 
comprised of enzymatically liberating 3' terminal nucle 
otides, leaving a single Stranded 5' end that becomes longer 
and longer as the exonuclease action proceeds (see FIG. 1). 
Any 5' overhangs produced by this approach may be used to 
hybridize to another Single Stranded polynucleotide 
Sequence (which may also be a single Stranded polynucle 
otide or a terminal Overhang of a partially double Stranded 
polynucleotide) that shares enough homology to allow 
hybridization. The ability of these exonuclease III-generated 
Single Stranded Sequences (e.g. in 5' overhangs) to hybridize 
to other Single Stranded Sequences allows two or more 
polynucleotides to be shuffled, assembled, reassembled, 
&/or concatenated. 

0431 Furthermore, it is appreciated that one can protect 
the end of a double stranded polynucleotide or render it 
Susceptible to a desired enzymatic action of a Serviceable 
exonuclease as necessary. For example, a double Stranded 
polynucleotide end having a 3' overhang is not Susceptible 
to the exonuclease action of exonuclease III. However, it 
may be rendered Susceptible to the exonuclease action of 
exonuclease III by a variety of means; for example, it may 
be blunted by treatment with a polymerase, cleaved to 
provide a blunt end or a 5' overhang, joined (ligated or 
hybridized) to another double stranded polynucleotide to 
provide a blunt end or a 5' overhang, hybridized to a single 
stranded polynucleotide to provide a blunt end or a 5' 
overhang, or modified by any of a variety of means). 
0432. According to one aspect, an exonuclease may be 
allowed to act on one or on both ends of a linear double 
Stranded polynucleotide and proceed to completion, to near 
completion, or to partial completion. When the exonuclease 
action is allowed to go to completion, the result will be that 
the length of each 5' overhang will extend far towards the 
middle region of the polynucleotide in the direction of what 
might be considered a “rendezvous point” (which may be 
Somewhere near the polynucleotide midpoint). Ultimately, 
this results in the production of Single Stranded polynucle 
otides (that can become dissociated) that are each about half 
the length of the original double Stranded polynucleotide 
(see FIG. 1). Alternatively, an exonuclease-mediated reac 
tion can be terminated before proceeding to completion. 

0433 Thus this exonuclease-mediated approach is ser 
Viceable for shuffling, assembling &/or reassembling, 
recombining, and concatenating polynucleotide building 
blocks, which polynucleotide building blockS can be up to 
ten bases long or tens of bases long or hundreds of bases 
long or thousands of bases long or tens of thousands of bases 
long or hundreds of thousands of bases long or millions of 
bases long or even longer. 

0434. This exonuclease-mediated approach is based on 
the action of double stranded DNA specific exodeoxyribo 
nuclease activity of E. coli exonuclease III. Substrates for 
exonuclease III may be generated by Subjecting a double 
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Stranded polynucleotide to fragmentation. Fragmentation 
may be achieved by mechanical means (e.g., shearing, 
Sonication, etc.), by enzymatic means (e.g. using restriction 
enzymes), and by any combination thereof. Fragments of a 
larger polynucleotide may also be generated by polymerase 
mediated Synthesis. 

0435 Exonuclease III is a 28K monomeric enzyme, 
product of the Xth A gene of E. coli with four known 
activities: exodeoxyribonuclease (alternatively referred to as 
exonuclease herein), RNaseH, DNA-3'-phosphatase, and AP 
endonuclease. The exodeoxyribonuclease activity is specific 
for double stranded DNA. The mechanism of action is 
thought to involve enzymatic hydrolysis of DNA from a 3 
end progressively towards a 5' direction, with formation of 
nucleoside 5'-phosphates and a residual Single Strand. The 
enzyme does not display efficient hydrolysis of Single 
stranded DNA, single-stranded RNA, or double-stranded 
RNA; however it degrades RNA in an DNA-RNA hybrid 
releasing nucleoside 5'-phosphates. The enzyme also 
releases inorganic phosphate specifically from 3' phosph 
omonoester groups on DNA, but not from RNA or short 
oligonucleotides. Removal of these groups converts the 
terminus into a primer for DNA polymerase action. 

0436 Additional examples of enzymes with exonuclease 
activity include red-alpha and Venom phosphodiesterases. 
Red alpha (redo) gene product (also referred to as lambda 
exonuclease) is of bacteriophage W origin. The redo, gene is 
transcribed from the leftward promoter and its product is 
involved (24 kD) in recombination. Red alpha gene product 
acts processively from 5'-phosphorylated termini to liberate 
mononucleotides from duplex DNA (Takahashi & Koba 
yashi, 1990). Venom phosphodiesterases (Laskowski, 1980) 
is capable of rapidly opening Supercoiled DNA. 

0437. It is appreciated that related but nonidentical 
nucleic acid Strands can hybridize as a step towards the 
generation of chimeric molecules. However, because they 
are non-dentical, they can form what might be termed a 
heteromeric complex, i.e. an annealment of non-identical 
nucleic acids. In this complex, it is appreciated that even 
though two heterologous Strands may be hybridized in part, 
terminal Sequences of Sufficiently heterologous Strands will 
not hybridize, hence they are hybridizable. This poses a 
problem, because unhybrizided ends are Suboptimal for 
priming extension and for Serving as points of ligation. 
Accordingly, in another embodiment, this invention pro 
vides for the use of exonuclease treatment as a means to 
liberate 3' and 5'-terminal nucleotides from the unhybridized 
Single-Stranded end of an annealed nucleic acid Strand in a 
heteromeric nucleic acid complex, leaving a shortened but 
hybridized end to facilitate polymerase-based extension 
and/or ligase-mediated ligation of the treated end. This 
procedure is nicknamed "pruning of loose ends' A variety of 
exonucleases are Serviceable for this "pruning” purpose. 
Thus, particularly preferred exonuclease treatments for this 
"pruning purpose according to this invention include treat 
ment with Mung Bean Nuclease, treatment with S1 
Nuclease, and treatment with E.coli DNA. Additional pre 
ferred exonuclease treatments for this "pruning purpose 
according to this invention include the use of the enzymes 
listed below (Selected enzyme properties are provided). 
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Exonucleases 

Enzyme Name 
(exemplary commercial 5'3" 3'5" 5'3" Strand 
source & other comments) Exonuclease Exonuclease Polymerase Displacement Kim dNTPs 

Vents DNA Polymerase No Yes Yes Yes 60 uM 
Deep Vent DNA Polymerase No Yes Yes 50 uMe 
E. Coli DNA Ploymerasr I Yes Yes Yes No 1-2 uM 
Klenow Fragment DNA Polymerase I No Yes Yes Yes 2 uM8 
T4 DNA Polymerase No Yes Yes No 2 uMh 
T7 DNA Polymerase No Yes Yes No 18 uM 
Taq DNA Polymerase Yes No Yes No 13 uM 
Mung Bean Nucleus No Yes Yes 
S1 Nucleus No Yes Yes 
Pfu DNA Polymerase No Yes Yes 
Tli DNA Polymerase No Yes Yes 
rBst DNA Polymerase Yes No Yes 
Pwo DNA Polymerase No Yes Yes 
Exonuclease I No Yes 
Exonuclease III No Yes 

"Stratagene 
Promega 
Epicenter 
Roche 
Kong. H. M., Kucera, R. B., and Jack. W. E., (1993) J. Biol. Chem. 268, 1965–1975. 
"McClure, W. R. and Jovin, T. M., (1975). Biol. Chem 250, 4073–4080. 
8Polesky A. H., Steitz, T. A., Grindley, N. D. F. and Joyce, C. M., (1990).J. Biol. Chem. 265, 14579–14591. 
"Gillin, F. D. and Nossal. N. G., (1975) Biochem. Biophys. Res. Commun. 64, 457-464. 
Patel, S. S., Wong, E. and Johnson, K. A., (1991) Biochemistry 30, 511–525. 
*exhibits some double-stranded exonuclease activity from both ends at higher concentrations of enzyme 
"exhibits some double-stranded exonuclease activity at higher concentrations of enzyme 

0438. In another preferred embodiment, this invention 
provides that nucleic acid building blocks for exonuclease 
mediated reassembly include nucleic acid Strands that upon 
hybridizing to non-identical nucleic acid Strands form het 
eromeric complexes. Within these complexes, a Strand that 
is annealed to more than one other Strand is referred to as a 
poly-binding Strand, and a Strand that is annealed to only one 
other Strand is referred to as a mono-binding Strand. Accord 
ingly, mono-binding Strands are usually, but not always 
Shorter in length than poly-binding Strands. By way of 
non-liming exemplification, both mono-binding Strands and 
poly-binding Strands can be generated from a template 
progenitor molecule by either Synthesis, fragmentation 
(physical or enzyme-based), isolation (e.g. by Selective 
treatment with Dpn I) &/or by denaturation. 
0439 2.11.2.3. Non-Stochastic Ligation Reassembly 
0440. In one aspect, the present invention provides a 
non-Stochastic method termed Synthetic ligation reassembly 
(SLR), 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. 

0441. A particularly glaring difference is that the instant 
SLR method does not depend on the presence of a high level 
of homology between polynucleotides to be shuffled. In 
contrast, prior methods, particularly prior Stochastic shuf 
fling methods require that presence of a high level of 
homology, particularly at coupling Sites, between polynucle 
otides to be shuffled. Accordingly these prior methods favor 
the regeneration of the original progenitor molecules, and 
are Suboptimal for generating large numbers of novel prog 
eny chimeras, particularly full-length progenies. The instant 

invention, on the other hand, can be used to non-Stochasti 
cally generate libraries (or Sets) of progeny molecules com 
prised of over 10' different chimeras. Conceivably, SLR 
can even be used to generate libraries comprised of over 
10 different progeny chimeras with (no upper limit in 
Sight). 

0442. Thus, in one aspect, the present invention provides 
a method, which method is non-Stochastic, 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 assem 
bling these nucleic acid building blocks, Such that a designed 
overall assembly order is achieved. 

0443) 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). FIG. 4, Panel C illustrates an exemplary 
assembly process comprised of 2 Sequential Steps to achieve 
a designed (non-stochastic) overall assembly order for five 
nucleic acid building blockS. In a preferred embodiment of 
this invention, the annealed building pieces are treated with 
an enzyme, Such as a ligase (e.g. T4 DNA ligase), achieve 
covalent bonding of the building pieces. 
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0444. In a preferred embodiment, 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 templates thus Serve as a Source of Sequence informa 
tion that aids in the design of the nucleic acid building 
blocks that are to be mutagenized, i.e. chimerized or 
shuffled. 

0445. In one exemplification, this 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. As a represen 
tative list of families of enzymes which may be mutagenized 
in accordance with the aspects of the present invention, there 
may be mentioned, the following enzymes and their func 
tions: 

0446. 1 Lipase/Esterase 
0447 a. Enantioselective hydrolysis of esters (lip 
ids)/thioesters 
0448) 1) Resolution of racemic mixtures 
0449 2) Synthesis of optically active acids or 
alcohols from meso-diesters 

0450 b. Selective syntheses 
0451 1) Regiospecific hydrolysis of carbohydrate 
eSterS 

0452 2) Selective hydrolysis of cyclic secondary 
alcohols 

0453 c. Synthesis of optically active esters, lac 
tones, acids, alcohols 

0454) 1) Transesterification of activated/nonacti 
Vated esters 

0455 2) Interesterification 
0456) 3) Optically active lactones from hydrox 
yesters 

0457 4) Regio- and enantioselective ring opening 
of anhydrides 

0458 d. Detergents 
0459) 
0460) f. Cheese ripening 

0461) 2 Protease 
0462) 
0463) b. Peptide synthesis 
0464 c. Resolution of racemic mixtures of amino 
acid esters 

e. Fat/Oil conversion 

a. Ester/amide Synthesis 

0465 d. Synthesis of non-natural amino acids 
0466 e. Detergents/protein hydrolysis 

0467 3 Glycosidase/Glycosyl Transferase 
0468 a. Sugar/polymer synthesis 
0469 b. Cleavage of glycosidic linkages to form 
mono, di- and oligosaccharides 
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0470 c. Synthesis of complex oligosaccharides 
0471 d. Glycoside synthesis using UDP-galactosyl 
transferase 

0472 e. Transglycosylation of disaccharides, glyco 
Syl fluorides, aryl galactosides 

0473 f. Glycosyltransfer in oligosaccharide synthe 
Sis 

0474 g. Diastereoselective cleavage of B-glucosyl 
Sulfoxides 

0475 h. Asymmetric glycosylations 
0476) 
0477 j. Paper processing 

0478) 4 Phosphatase/Kinase 

i. Food processing 

0479. a. Synthesis/hydrolysis of phosphate esters y ydroly pnoSp 

0480 1) Regio-, enantioselective phosphoryla 
tion 

0481) 2) Introduction of phosphate esters 
0482 3) Synthesize phospholipid precursors 
0483 4) Controlled polynucleotide synthesis 

0484 b. Activate biological molecule 
0485 c. Selective phosphate bond formation with 
out protecting groups 

0486) 5 Mono/Dioxygenase 
0487 a. Direct oxyfunctionalization of unactivated 
organic Substrates 

0488 b. Hydroxylation of alkane, aromatics, ste 
roids 

0489 c. Epoxidation of alkenes 
0490 d. Enantioselective Sulphoxidation 
0491 e. Regio- and stereoselective Bayer-Villiger 
oxidations 

0492 6 Haloperoxidase p 

0493 a. Oxidative addition of halide ion to nucleo 
philic Sites 

0494 b. Addition of hypohalous acids to olefinic 
bonds 

0495) 
0496 d. Activated aromatic substrates converted to 
ortho and para derivatives 

0497) 
tives 

c. Ring cleavage of cyclopropanes 

e. 1.3 diketones converted to 2-halo-deriva 

0498 f. Heteroatom oxidation of Sulfur and nitrogen 
containing Substrates 

0499 g. Oxidation of enol acetates, alkynes and 
activated aromatic rings 

0500 7 Lignin peroxidase/Diarylpropane peroxidase 

0501) 
0502 b. Oxidation of benzylic alcohols to aldehydes 

a. Oxidative cleavage of C-C bonds 
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0503 c. Hydroxylation of benzylic carbons 
0504 d. Phenol dimerization 
0505) e. Hydroxylation of double bonds to form 
diols 

0506 f. Cleavage of lignin aldehydes 
0507 8 Epoxide Hydrolase 

0508 a. Synthesis of enantiomerically pure bioac 
tive compounds 

0509 b. Regio- and enantioselective hydrolysis of 
epoxide 

0510 c. Aromatic and olefinic epoxidation by 
monooxygenases to form epoxides 

0511 d. Resolution of racemic epoxides 
0512) 

0513. 9 Nitrile Hydratase/nitrilase 
0514) 
mides 

e. Hydrolysis of steroid epoxides 

a. Hydrolysis of aliphatic nitriles to carboxa 

0515 b. Hydrolysis of aromatic, heterocyclic, unsat 
urated aliphatic nitrites to corresponding acids 

0516) 
0517 d. Production of aromatic and carboxamides, 
carboxylic acids (nicotinamide, picolinamide, isoni 
cotinamide) 

0518) 
trile 

c. Hydrolysis of acrylonitrile 

e. RegioSelective hydrolysis of acrylic dini 

0519 f. C.-amino acids from C-hydroxynitriles 
0520 10 Transaminase 

0521) 
0522 11 Amidase/Acylase 

0523 a. Hydrolysis of amides, amidines, and other 
C-N bonds 

a. Transfer of amino groups into oxo-acids 

0524) b. Non-natural amino acid resolution and syn 
thesis 

0525) These exemplifications, while illustrating certain 
Specific aspects of the invention, do not portray the limita 
tions or circumscribe the Scope of the disclosed invention. 
0526. Thus according to one aspect of this invention, the 
Sequences of a plurality of progenitor nucleic acid templates 
are aligned in order to Select one or more demarcation 
points, which demarcation points can be located at an area 
of homology, and are comprised of one or more nucleotides, 
and which demarcation points are shared by at least two of 
the progenitor templates. The demarcation points can be 
used to delineate the boundaries of nucleic acid building 
blocks to be generated. 
0527 Thus, the demarcation points identified and 
Selected in the progenitor molecules Serve as potential 
chimerization points in the assembly of the progeny mol 
ecules. Preferably a Serviceable demarcation point is an area 
of homology (comprised of at least one homologous nucle 
otide base) shared by at least two progenitor templates. More 
preferably a Serviceable demarcation point is an area of 
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homology that is shared by at least half of the progenitor 
templates. More preferably still a Serviceable demarcation 
point is an area of homology that is shared by at least two 
thirds of the progenitor templates. Even more preferably a 
Serviceable demarcation points is an area of homology that 
is shared by at least three fourths of the progenitor templates. 
Even more preferably Still a Serviceable demarcation points 
is an area of homology that is shared by at almost all of the 
progenitor templates. Even more preferably Still a Service 
able demarcation point is an area of homology that is shared 
by all of the progenitor templates. 

0528. The process of designing nucleic acid building 
blocks and of designing the mutually compatible ligatable 
ends of the nucleic acid building blocks to be assembled is 
illustrated in FIGS. 6 and 7. As shown, the alignment of a 
Set of progenitor templates reveals Several naturally occur 
ring demarcation points, and the identification of demarca 
tion points shared by these templates helps to non-Stochas 
tically determine the building blocks to be generated and 
used for the generation of the progeny chimeric molecules. 

0529. In a preferred embodiment, this invention provides 
that the ligation reassembly proceSS is performed exhaus 
tively 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 chi 
meric nucleic acid molecules. At the same time, in a par 
ticularly preferred embodiment, 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 this invention, the possibility of 
unwanted Side products is greatly reduced. 

0530 In another preferred embodiment, this invention 
provides that the ligation reassembly process is performed 
Systematically, for example in order to generate a System 
atically compartmentalized library, with compartments 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, 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 mol 
ecules to be examined Systematically in Smaller groups. 

0531 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 ligation reassem 
bly invention, the progeny molecules generated preferably 
comprise a library of finalized chimeric nucleic acid mol 
ecules having an overall assembly order that is chosen by 
design. In a particularly preferred embodiment of this inven 
tion, Such a generated library is comprised of preferably 
greater than 10 different progeny molecular species, more 
preferably greater than 10 different progeny molecular 
species, more preferably still greater than 10" different 
progeny molecular species, more preferably still greater than 
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10" different progeny molecular species, more preferably 
still greater than 10' different progeny molecular species, 
more preferably still greater than 10 different progeny 
molecular species, more preferably still greater than 10" 
different progeny molecular species, more preferably still 
greater than 10 different progeny molecular species, more 
preferably still greater than 10" different progeny molecular 
species, more preferably still greater than 10" different 
progeny molecular species, more preferably Still greater than 
10 different progeny molecular species, more preferably 
still greater than 10" different progeny molecular species, 
more preferably still greater than 10" different progeny 
molecular species, more preferably still greater than 10' 
different progeny molecular species, more preferably still 
greater than 10' different progeny molecular species, more 
preferably still greater than 10' different progeny molecu 
lar species, more preferably still greater than 10' different 
progeny molecular species, more preferably Still greater than 
10'7 different progeny molecular species, more preferably 
still greater than 10” different progeny molecular species, 
more preferably still greater than 10' different progeny 
molecular species, more preferably still greater than 10" 
different progeny molecular species, more preferably still 
greater than 10" different progeny molecular species, and 
even more preferably still greater than 10' different 
progeny molecular species. 
0532. 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 
preferred embodiment, this polynucleotide is a gene, which 
may be a man-made gene. According to another preferred 
embodiment, this polynucleotide is a gene pathway, which 
may be a man-made gene pathway. This invention provides 
that one or more man-made genes generated by this inven 
tion may be incorporated into a man-made gene pathway, 
Such as a pathway operable in a eukaryotic organism 
(including a plant). 
0533. It is appreciated that the power of this invention is 
exceptional, as there is much 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 couplings. It is appreciated, furthermore, that 
the requirement for intermolecular homology is highly 
relaxed for the operability of this invention. In fact, demar 
cation 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 Substitu 
tions 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 original 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 demar 
cation points and thus to allow an increased number of 
couplings to be achieved among the building blocks, which 
in turn allows a greater number of progeny chimeric mol 
ecules to be generated. 
0534. In another exemplifaction, 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 
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removed in an in vitro process (e.g. by mutageneis) or in 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. 

0535 Thus, according to another embodiment, this 
invention provides that a nucleic acid building block can be 
used to introduce an intron. Thus, this invention provides 
that functional introns may be introduced into a man-made 
gene of this invention. This invention also provides that 
functional introns may be introduced into a man-made gene 
pathway of this invention. Accordingly, this invention pro 
vides for the generation of a chimeric polynucleotide that is 
a man-made gene containing one (or more) artificially 
introduced intron(s). 
0536 Accordingly, this 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). Preferably, 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. This invention provides 
a process of producing man-made intron-containing poly 
nucleotides to be introduced into host organisms for recom 
bination and/or splicing. 

0537) The ability to achieve chimerizations, using cou 
plings as described herein, in areas of little or no homology 
among the progenitor molecules, is particularly useful, and 
in fact critical, for the assembly of novel gene pathways. 
This invention thus provides for the generation of novel 
man-made gene pathways using Synthetic ligation reassem 
bly. In a particular aspect, this is achieved by the introduc 
tion of regulatory Sequences, Such as promoters, that are 
operable in an intended host, to confer operability to a novel 
gene pathway when it is introduced into the intended host. 
In a particular exemplification, this invention provides for 
the generation of novel man-made gene pathways that is 
operable in a plurality of intended hosts (e.g. in a microbial 
organism as well as in a plant cell). This can be achieved, for 
example, by the introduction of a plurality of regulatory 
Sequences, comprised of a regulatory Sequence that is oper 
able in a first intended host and a regulatory Sequence that 
is operable in a Second intended host. A similar process can 
be performed to achieve operability of a gene pathway in a 
third intended host species, etc. The number of intended host 
Species can be each integer from I to 10 or alternatively over 
10. Alternatively, for example, operability of a gene pathway 
in a plurality of intended hosts can be achieved by the 
introduction of a regulatory Sequence having intrinsic oper 
ability in a plurality of intended hosts. 

0538 Thus, according to a particular embodiment, this 
invention provides that a nucleic acid building block can be 
used to introduce a regulatory Sequence, particularly a 
regulatory Sequence for gene expression. Preferred regula 
tory Sequences include, but are not limited to, those that are 
man-made, and those found in archeal, bacterial, eukaryotic 
(including mitochondrial), Viral, and prionic or prion-like 
organisms. Preferred regulatory Sequences include but are 
not limited to, promoters, operators, and activator binding 
Sites. Thus, this invention provides that functional regulatory 
Sequences may be introduced into a man-made gene of this 
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invention. This invention also provides that functional regu 
latory Sequences may be introduced into a man-made gene 
pathway of this invention. 
0539 Accordingly, this invention provides for the gen 
eration of a chimeric polynucleotide that is a man-made 
gene containing one (or more) artificially introduced regu 
latory sequence(s). Accordingly, this invention also provides 
for the generation of a chimeric polynucleotide that is a 
man-made gene pathway containing one (or more) artifi 
cially introduced regulatory sequence(s). Preferably, an arti 
ficially introduced regulatory sequence(s) is operatively 
linked to one or more genes in the man-made polynucle 
otide, and are functional in one or more host cells. 
0540 Preferred bacterial promoters that are serviceable 
for this invention include lac, lacZ, T3, T7, gpt, lambda P, 
P and trp. Serviceable eukaryotic promoters include CMV 
immediate early, HSV thymidine kinase, early and late 
SV40, LTRS from retrovirus, and mouse metallothionein-I. 
Particular plant regulatory Sequences include promoters 
active in directing transcription in plants, either constitu 
tively or Stage and/or tissue specific, depending on the use 
of the plant or parts thereof. These promoters include, but 
are not limited to promoters showing constitutive expres 
Sion, such as the 35S promoter of Cauliflower Mosaic Virus 
(CaMV) (Guilley et al., 1982), those for leaf-specific expres 
Sion, Such as the promoter of the ribulose bisphosphate 
carboxylase Small Subunit gene (CoruZZi et al., 1984), those 
for root-Specific expression, Such as the promoter from the 
glutamin Synthase gene (Tingey et al., 1987), those for 
Seed-specific expression, Such as the cruciferin A promoter 
from Brassica napus (Ryan et al., 1989), those for tuber 
Specific expression, Such as the class-I patatin promoter 
from potato (Rocha-Sasa et al., 1989; Wenzler et al., 1989) 
or those for fruit-specific expression, Such as the polygalac 
turonase (PG) promoter from tomato (Bird et al., 1988). 
0541. Other regulatory sequences that are preferred for 
this invention include terminator Sequences and polyadeny 
lation Signals and any Such Sequence functioning as Such in 
plants, the choice of which is within the level of the skilled 
artisan. An example of Such Sequences is the 3' flanking 
region of the nopaline Synthase (noS) gene of Agrobacterium 
tumefaciens (Bevan, 1984). The regulatory sequences may 
also include enhancer Sequences, Such as found in the 35S 
promoter of CaMV, and mRNA stabilizing sequences such 
as the leader sequence of Alfalfa Mosaic Cirus (AIMV) 
RNA4 (Brederode et al., 1980) or any other sequences 
functioning in a like manner. 
0542. Man-made genes produced using this invention can 
also Serve as a Substrate for recombination with another 
nucleic acid. Likewise, a man-made gene pathway produced 
using this invention can also Serve as a Substrate for recom 
bination with another nucleic acid. In a preferred instance, 
the recombination is facilitated by, or occurs at, areas of 
homology between the man-made intron-containing gene 
and a nucleic acid with Serves as a recombination partner. In 
a particularly preferred instance, the recombination partner 
may also be a nucleic acid generated by this 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. 
0543. The synthetic ligation reassembly method of this 
invention utilizes a plurality of nucleic acid building blocks, 
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each of which preferably 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 preferably one blunt end and one overhang, 
or more preferably Still two overhangs. 
0544. A serviceable 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. 
0545 According to one preferred embodiment, 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. 

0546 A double-stranded nucleic acid building block can 
be of variable size. The sizes of these building blocks can be 
Small or large depending on the choice of the experimenter. 
Preferred sizes for building block range from 1 base pair (not 
including any overhangs) to 100,000 base pairs (not includ 
ing any overhangs). Other preferred 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). 
0547. It is appreciated that current methods of poly 
merase-based amplification can be used to generate double 
Stranded nucleic acids of up to thousands of base pairs, if not 
tens of thousands of base pairs, in length with high fidelity. 
Chemical Synthesis (e.g. phosphoramidite-based) can be 
used to generate nucleic acids of up to hundreds of nucle 
otides in length with high fidelity; however, these can be 
assembled, e.g. using overhangs or Sticky ends, to form 
double-Stranded nucleic acids of up to thousands of base 
pairs, if not tens of thousands of base pairs, in length if So 
desired. 

0548. A combination of methods (e.g. phosphoramidite 
based chemical synthesis and PCR) can also be used accord 
ing to this invention. Thus, nucleic acid building block made 
by different methods can also be used in combination to 
generate a progeny molecule of this invention. 
0549. The use of chemical synthesis to generate nucleic 
acid building blockS is particularly preferred in this inven 
tion & is advantageous for other reasons as well, including 
procedural Safety and ease. No cloning or harvesting or 
actual handling of any biological Samples is required. The 
design of the nucleic acid building blockS can be accom 
plished on paper. Accordingly, this invention teaches an 
advance in procedural Safety in recombinant technologies. 
0550 Nonetheless, according to one preferred embodi 
ment, a double-Stranded nucleic acid building block accord 
ing to this invention may also be generated by polymerase 
based amplification of a polynucleotide template. In a non 
limiting exemplification, as illustrated in FIG. 2, a first 
polymerase-based amplification reaction using a first Set of 
primers, F and R, is used to generate a blunt-ended product 
(labeled Reaction 1, Product 1), which is essentially iden 
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tical to Product A. A Second polymerase-based amplification 
reaction using a Second Set of primers, F and R2, is used to 
generate a blunt-ended product (labeled Reaction 2, Product 
2), which is essentially identical to Product B. These two 
products are mixed and allowed to melt and anneal, gener 
ating potentially useful double-Stranded nucleic acid build 
ing blocks with two overhangs. In the example of FIG. 2, the 
product with the 3' overhangs (Product C) is selected by 
nuclease-based degradation of the other 3 products using a 
3' acting exonuclease, Such as exonuclease III. It is appre 
ciated that a 5' acting exonuclease (e.g. red alpha) may be 
also be used, for example to select Product D instead. It is 
also appreciated that other Selection means can also be used, 
including hybridization-based means, and that these means 
can incorporate a further means, Such as a magnetic bead 
based means, to facilitate Separation of the desired product. 
0551. Many other methods exist by which a double 
Stranded nucleic acid building block can be generated that is 
Serviceable for this invention; and these are known in the art 
and can be readily performed by the skilled artisan. 
0552. According to particularly preferred embodiment, a 
double-Stranded nucleic acid building block that is Service 
able for this invention 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 embodiment, 
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 embodiment, a double-Stranded nucleic acid building 
block can be used to introduce codon degeneracy. Preferably 
the codon degeneracy 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. 
0553 Contained within an exemplary experimental 
design for achieving an ordered assembly according to this 
invention are: 

0554) 1) The design of specific nucleic acid building 
blocks. 

0555 2) The design of specific ligatable ends on 
each nucleic acid building block. 

0556) 3) The design of a particular order of assem 
bly of the nucleic acid building blocks. 

0557. An overhang may be a 3' overhang or a 5' over 
hang. An overhang may also have a terminal phosphate 
group or alternatively may be devoid of a terminal phos 
phate group (having, e.g., a hydroxyl group instead). An 
overhang may be comprised of any number of nucleotides. 
Preferably an overhang is comprised of 0 nucleotides (as in 
a blunt end) to 10,000 nucleotides. Thus, a wide range of 
overhang Sizes may be Serviceable. Accordingly, the lower 
limit may be each integer from 1-200 and the upper limit 
may be each integer from 2-10,000. According to a particu 
lar exemplification, an overhang may consist of anywhere 
from 1 nucleotide to 200 nucleotides (including every inte 
ger value in between). 
0558. The final chimeric nucleic acid molecule may be 
generated by Sequentially assembling 2 or more building 
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blocks at a time until all the designated building blocks have 
been assembled. A working Sample may optionally be Sub 
jected to a proceSS for Size Selection or purification or other 
Selection or enrichment process between the performance of 
two assembly Steps. Alternatively, the final chimeric nucleic 
acid molecule may be generated by assembling all the 
designated building blocks at once in one Step. 
0559). In vitro Shuffling 
0560. The equivalents of some standard genetic matings 
may also be performed by Shuffling in Vitro. For example, a 
“molecular backcross' can be performed by repeatedly 
mixing the hybrid's nucleic acid with the wild-type nucleic 
acid while Selecting for the mutations of interest. AS in 
traditional breeding, this approach can be used to combine 
phenotypes from different Sources into a background of 
choice. It is useful, for example, for the removal of neutral 
mutations that affect unselected characteristics (i.e. immu 
nogenicity). Thus it can be useful to determine which 
mutations in a protein are involved in the enhanced biologi 
cal activity and which are not, an advantage which cannot be 
achieved by error-prone mutagenesis or cassette mutagen 
esis methods. 

0561 Large, functional genes can be assembled correctly 
from a mixture of Small random polynucleotides. This 
reaction may be of use for the reassembly of genes from the 
highly fragmented DNA of fossils. In addition random 
nucleic acid fragments from fossils may be combined with 
polynucleotides from similar genes from related species. 
0562. It is also contemplated that the method of this 
invention can be used for the in vitro amplification of a 
whole genome from a single cell as is needed for a variety 
of research and diagnostic applications. DNA amplification 
by PCR is in practice limited to a length of about 40 kb. 
Amplification of a whole genome Such as that of E. coli 
(5,000kb) by PCR would require about 250 primers yielding 
125 forty kb polynucleotides. This approach is not practical 
due to the unavailability of Sufficient Sequence data. On the 
other hand, random production of polynucleotides of the 
genome with sexual PCR cycles, followed by gel purifica 
tion of small polynucleotides will provide a multitude of 
possible primers. Use of this mix of random Small poly 
nucleotides as primers in a PCR reaction alone or with the 
whole genome as the template should result in an inverse 
chain reaction with the theoretical endpoint of a Single 
concatemer containing many copies of the genome. 

0563 100 fold amplification in the copy number and an 
average polynucleotide size of greater than 50 kb may be 
obtained when only random polynucleotides are used. It is 
thought that the larger concatemer is generated by overlap of 
many smaller polynucleotides. The quality of specific PCR 
products obtained using Synthetic primers will be indistin 
guishable from the product obtained from unamplified 
DNA. It is expected that this approach will be useful for the 
mapping of genomes. 

0564) The polynucleotide to be shuffled can be produced 
as random or non-random polynucleotides, at the discretion 
of the practitioner. 

0565) 
0566 In an embodiment of in vivo shuffling, the mixed 
population of the Specific nucleic acid Sequence is intro 
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duced into bacterial or eukaryotic cells under conditions 
Such that at least two different nucleic acid Sequences are 
present in each host cell. The polynucleotides can be intro 
duced into the host cells by a variety of different methods. 
The host cells can be transformed with the smaller poly 
nucleotides using methods known in the art, for example 
treatment with calcium chloride. If the polynucleotides are 
inserted into a phage genome, the host cell can be trans 
fected with the recombinant phage genome having the 
Specific nucleic acid Sequences. Alternatively, the nucleic 
acid Sequences can be introduced into the host cell using 
electroporation, transfection, lipofection, biolistics, conju 
gation, and the like. 
0567. In general, in this embodiment, the specific nucleic 
acids Sequences will be present in vectors which are capable 
of Stably replicating the Sequence in the host cell. In addi 
tion, it is contemplated that the vectors will encode a marker 
gene Such that host cells having the vector can be Selected. 
This ensures that the mutated Specific nucleic acid Sequence 
can be recovered after introduction into the host cell. How 
ever, it is contemplated that the entire mixed population of 
the Specific nucleic acid Sequences need not be present on a 
vector Sequence. Rather only a Sufficient number of 
Sequences need be cloned into vectors to ensure that after 
introduction of the polynucleotides into the host cells each 
host cell contains one vector having at least one specific 
nucleic acid Sequence present therein. It is also contemplated 
that rather than having a Subset of the population of the 
Specific nucleic acids Sequences cloned into Vectors, this 
Subset may be already Stably integrated into the host cell. 
0568. It has been found that when two polynucleotides 
which have regions of identity are inserted into the host cells 
homologous recombination occurs between the two poly 
nucleotides. Such recombination between the two mutated 
Specific nucleic acid Sequences will result in the production 
of double or triple hybrids in some situations. 
0569. It has also been found that the frequency of recom 
bination is increased if Some of the mutated Specific nucleic 
acid Sequences are present on linear nucleic acid molecules. 
Therefore, in a preferred embodiment, Some of the Specific 
nucleic acid Sequences are present onlinear polynucleotides. 
0570. After transformation, the host cell transformants 
are placed under Selection to identify those host cell trans 
formants which contain mutated Specific nucleic acid 
Sequences having the qualities desired. For example, if 
increased resistance to a particular drug is desired then the 
transformed host cells may be Subjected to increased con 
centrations of the particular drug and those transformants 
producing mutated proteins able to confer increased drug 
resistance will be selected. If the enhanced ability of a 
particular protein to bind to a receptor is desired, then 
expression of the protein can be induced from the transfor 
mants and the resulting protein assayed in a ligand binding 
assay by methods known in the art to identify that Subset of 
the mutated population which shows enhanced binding to 
the ligand. Alternatively, the protein can be expressed in 
another System to ensure proper processing. 
0571. Once a subset of the first recombined specific 
nucleic acid Sequences (daughter Sequences) having the 
desired characteristics are identified, they are then Subject to 
a Second round of recombination. 

0572 In the second cycle of recombination, the recom 
bined specific nucleic acid Sequences may be mixed with the 
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original mutated Specific nucleic acid sequences (parent 
Sequences) and the cycle repeated as described above. In this 
way a set of Second recombined specific nucleic acids 
Sequences can be identified which have enhanced charac 
teristics or encode for proteins having enhanced properties. 
This cycle can be repeated a number of times as desired. 
0573. It is also contemplated that in the second or Sub 
Sequent recombination cycle, a backcroSS can be performed. 
A molecular backcroSS can be preformed by mixing the 
desired Specific nucleic acid Sequences with a large number 
of the wild-type Sequence, Such that at least one wild-type 
nucleic acid Sequence and a mutated nucleic acid Sequence 
are present in the Same host cell after transformation. 
Recombination with the wild-type specific nucleic acid 
Sequence will eliminate those neutral mutations that may 
affect unselected characteristics Such as immunogenicity but 
not the Selected characteristics. 

0574. In another embodiment of this invention, it is 
contemplated that during the first round a Subset of the 
Specific nucleic acid Sequences can be generated as Smaller 
polynucleotides by slowing or halting their PCR amplifica 
tion prior to introduction into the host cell. The size of the 
polynucleotides must be large enough to contain Some 
regions of identity with the other Sequences So as to homolo 
gously recombine with the other Sequences. The size of the 
polynucleotides will range from 0.03 kb to 100 kb more 
preferably from 0.2 kb to 10 kb. It is also contemplated that 
in Subsequent rounds, all of the Specific nucleic acid 
Sequences other than the Sequences Selected from the pre 
vious round may be utilized to generate PCR polynucle 
otides prior to introduction into the host cells. 
0575. The shorter polynucleotide sequences can be 
Single-Stranded or double-Stranded. If the Sequences were 
originally Single-stranded and have become double-Stranded 
they can be denatured with heat, chemicals or enzymes prior 
to insertion into the host cell. The reaction conditions 
Suitable for Separating the Strands of nucleic acid are well 
known in the art. 

0576. The steps of this process can be repeated indefi 
nitely, being limited only by the number of possible hybrids 
which can be achieved. After a certain number of cycles, all 
possible hybrids will have been achieved and further cycles 
are redundant. 

0577. In an embodiment the same mutated template 
nucleic acid is repeatedly recombined and the resulting 
recombinants Selected for the desired characteristic. 

0578. Therefore, the initial pool or population of mutated 
template nucleic acid is cloned into a vector capable of 
replicating in a bacteria Such as E. coli. The particular vector 
is not essential, So long as it is capable of autonomous 
replication in E. coli. In a preferred embodiment, the Vector 
is designed to allow the expression and production of any 
protein encoded by the mutated Specific nucleic acid linked 
to the vector. It is also preferred that the vector contain a 
gene encoding for a Selectable marker. 
0579. The population of vectors containing the pool of 
mutated nucleic acid Sequences is introduced into the E. coli 
host cells. The vector nucleic acid Sequences may be intro 
duced by transformation, transfection or infection in the case 
of phage. The concentration of vectors used to transform the 
bacteria is Such that a number of vectorS is introduced into 
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each cell. Once present in the cell, the efficiency of homolo 
gous recombination is Such that homologous recombination 
occurs between the various vectors. This results in the 
generation of hybrids (daughters) having a combination of 
mutations which differ from the original parent mutated 
Sequences. 

0580. The host cells are then clonally replicated and 
Selected for the marker gene present on the vector. Only 
those cells having a plasmid will grow under the Selection. 

0581. The host cells which contain a vector are then 
tested for the presence of favorable mutations. Such testing 
may consist of placing the cells under Selective pressure, for 
example, if the gene to be Selected is an improved drug 
resistance gene. 
0582) If the vector allows expression of the protein 
encoded by the mutated nucleic acid Sequence, then Such 
Selection may include allowing expression of the protein So 
encoded, isolation of the protein and testing of the protein to 
determine whether, for example, it binds with increased 
efficiency to the ligand of interest. 

0583. Once a particular daughter mutated nucleic acid 
Sequence has been identified which confers the desired 
characteristics, the nucleic acid is isolated either already 
linked to the vector or separated from the vector. This 
nucleic acid is then mixed with the first or parent population 
of nucleic acids and the cycle is repeated. 

0584) It has been shown that by this method nucleic acid 
Sequences having enhanced desired properties can be 
Selected. 

0585. In an alternate embodiment, the first generation of 
hybrids are retained in the cells and the parental mutated 
Sequences are added again to the cells. Accordingly, the first 
cycle of Embodiment I is conducted as described above. 
However, after the daughter nucleic acid Sequences are 
identified, the host cells containing these Sequences are 
retained. 

0586 The parent mutated specific nucleic acid popula 
tion, either as polynucleotides or cloned into the same vector 
is introduced into the host cells already containing the 
daughter nucleic acids. Recombination is allowed to occur 
in the cells and the next generation of recombinants, or 
granddaughters are Selected by the methods described 
above. 

0587. This cycle can be repeated a number of times until 
the nucleic acid or peptide having the desired characteristics 
is obtained. It is contemplated that in Subsequent cycles, the 
population of mutated Sequences which are added to the 
preferred hybrids may come from the parental hybrids or 
any Subsequent generation. 

0588. In an alternative embodiment, the invention pro 
vides a method of conducting a "molecular backcroSS of the 
obtained recombinant Specific nucleic acid in order to elimi 
nate any neutral mutations. Neutral mutations are those 
mutations which do not confer onto the nucleic acid or 
peptide the desired properties. Such mutations may however 
confer on the nucleic acid or peptide undesirable character 
istics. Accordingly, it is desirable to eliminate Such neutral 
mutations. The method of this invention provide a means of 
doing So. 
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0589. In this embodiment, after the hybrid nucleic acid, 
having the desired characteristics, is obtained by the meth 
ods of the embodiments, the nucleic acid, the Vector having 
the nucleic acid or the host cell containing the vector and 
nucleic acid is isolated. 

0590 The nucleic acid or vector is then introduced into 
the host cell with a large excess of the wild-type nucleic 
acid. The nucleic acid of the hybrid and the nucleic acid of 
the wild-type Sequence are allowed to recombine. The 
resulting recombinants are placed under the same Selection 
as the hybrid nucleic acid. Only those recombinants which 
retained the desired characteristics will be selected. Any 
Silent mutations which do not provide the desired charac 
teristics will be lost through recombination with the wild 
type DNA. This cycle can be repeated a number of times 
until all of the Silent mutations are eliminated. 

0591 Thus the methods of this invention can be used in 
a molecular backcroSS to eliminate unnecessary or Silent 
mutations. 

0592) Utility 

0593. The in vivo recombination method of this inven 
tion 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. 

0594. 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. 

0595 Scaffold-like regions separating regions of diver 
sity in proteins may be particularly Suitable for the methods 
of this invention. The conserved scaffold determines the 
overall folding by Self-association, while displaying rela 
tively unrestricted loops that mediate the Specific binding. 
Examples of Such Scaffolds are the immunoglobulin beta 
barrel, and the four-helix bundle. The methods of this 
invention can be used to create Scaffold-like proteins with 
various combinations of mutated Sequences for binding. 

0596) The equivalents of some standard genetic matings 
may also be performed by the methods of this invention. For 
example, a "molecular backcroSS can be performed by 
repeated mixing of the hybrid's nucleic acid with the wild 
type nucleic acid while Selecting for the mutations of 
interest. AS in traditional breeding, this approach can be used 
to combine phenotypes from different Sources into a back 
ground of choice. It is useful, for example, for the removal 
of neutral mutations that affect unselected characteristics 
(i.e. immunogenicity). Thus it can be useful to determine 
which mutations in a protein are involved in the enhanced 
biological activity and which are not. 
























































