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(51) 

(52) 

(57) ABSTRACT 

This invention provides methods of obtaining vaccines by 
use of non-stochastic methods of directed evolution (Direct 
EvolutionTM). These methods include non-stochastic poly 
nucleotide site-Saturation mutagenesis (Gene Site Saturation 
Mutagenesis") and non-stochastic polynucleotide reassem 
bly (GeneReassembly"M). Through use of the claimed meth 
ods, vectors can be obtained which exhibit increased efficacy 
for use as genetic vaccines. Vectors obtained by using the 
methods can have, for example, enhanced antigen expres 
Sion, increased uptake into a cell, increased Stability in a cell, 
ability to tailor an immune response, and the like. 

An alignment of the mucleotide sequences for human, rhesus monkey, and 

B7-l, human seq 
B7-1 rhesus monkey seq. 

B7-l, rabbit seq. 

B7-1, human seq. 
B7-1, rhesus monkey seq. 

B7-1, rabbit seq. 

B7-1, human seq 
B7-1, rhesus monkey seq. 

B7-1, rabbit seq. 

B7-1, human seq. 
B7-l, rhesus monkey seq. 

B7-1, rabbit seq 

B7-1, human seq. 
B7-1, rhesus Tonkey seq 

B7-1, rabbit seq. 

rabbit B7-1 (CD80) genes. 

1. 60 
ATGGGCCACACACGGAGGCAGGGAACATCACCATCCAAGTGTCCATACCTCAATTTCTTT 
ATGGGCCACACACGGAGGCAGGAAAATCACCATCCAAGTGTCCATACCTCAAGTECTTT 
ATGGGCCACACGCTGAGGCCGGGAACTCCACGCCCAGGTGTCTACACCTCAAGCTCIGC 

5 3 3 5 7 3 

61 120 
CAGCTCTTGGTGCTGGCTGGTCTTTCTCACTTCTGTTCAGGTGITATCCACGTGACCAAG 
CAGCTCTTGGGCTGGCTTGTCTTTCTCATTTCTGTTCAGGTGITATCCACGTGACCAAG 
CTGCTCTTGGCGCTGGCGGGTCT ... CCACTTCTCTTCACGTATCAGCCAGGICACCAAG 

8 6 i t 7 3 6 

2. 18O 
GAAGTGAAAGAAGTGGCAACGCTGTCCTGTGGTCACAATGTCTGTGAAGAGCTGGCA 
GAAGTGAAAGAAGTGGCAACGCGTCCGTGGTCACAATGTTCTGITGAAGAGCTGGCA 
TCGGTGAAAGAAAGGCAGCACGTCCGTGATTACAACATTTCTATCGATGAACTGGCG 

9 5 O A. 5 5 

181 240 
CAAACTCGCACTACTGGCAAAAGGAGAAGAAAAGGTGCTGACTATGATGTCTGGGGAC 
CAAACTCGCACTACTGGCAAAAGGAGAAGAAAATGGGCTGACTATGATGTCTGGGGAC 
AGAATGCGCATATACTGGCAGAAGGACCAACAGATGGTGCTGAGCATCATCCTGGGCAA 

5 8 5 10 6 

241 300 
AGAATAATGGCCCGAGFACAAGAACCGGACCACTTTGATATCACTAATAACCTCTCC 
AGAATAATGGCCCGAGTACAAGAACCGGACCATCTTGATATCACAAATAACCTCTCC 
GTGGAAGTGTGGCCGAGTACAAGAACCGCACCTTCCCCGACATCATTAACAACCTCTCC 

5 14 3 l 9 
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1. GENERAL 

1.1 FIELD OF THE INVENTION 

0090 This invention pertains to the field of genetic 
vaccines. Specifically, the invention provides multi-compo 
nent genetic vaccines that contain components that are 
optimized for a particular vaccination goal. In a particular 
aspect this invention provides methods for improving the 
efficacy of genetic vaccines by providing materials that 
facilitate targeting of a genetic vaccine to a particular tissue 
or cell type of interest. 
0.091 This invention also pertains to the field of modu 
lation of immune responses Such as those induced by genetic 
vaccines and also pertains to the field of methods for 
developing immunogens that can induce efficient immune 
responses against a broad range of antigens. 

0092. Thus, the present invention also relates generally to 
novel proteins, and fragments thereof, as well as nucleic 
acids which encode these proteins, and methods of making 
and using these proteins in diagnostic, prophylactic and 
therapeutic applications. In a particular exemplification, the 
present invention relates to proteins from the Plasmodium 
falciparum erythrocyte membrane protein 1 (“PfEMP 1") 
gene family and fragments thereof which are derived from 
malaria parasitized erythrocytes. In particular, these proteins 
are derived from the erythrocyte membrane protein of 
Plasmodium falciparum parasitized erythrocytes, also 
termed “PfEMP1’’. The present invention also provides 
nucleic acids encoding these proteins, which proteins and 
nucleic acids are associated with the pathology of malaria 
infections, and which may be used as vaccines or other 
prophylactic treatments for the prevention of malaria infec 
tions, and/or in diagnosing and treating the Symptoms of 
patients who Suffer from malaria and asSociated diseases. 
0093. This invention also relates to the field of protein 
engineering. Specifically, this invention relates to a directed 
evolution method for preparing a polynucleotide encoding a 
polypeptide. More specifically, this invention relates to a 
method of using mutagenesis to generate a novel polynucle 
otide encoding a novel polypeptide, which novel polypep 
tide is itself an improved biological molecule &/or contrib 
utes to the generation of another improved biological 
molecule. More Specifically still, this invention relates to a 
method of performing both non-Stochastic polynucleotide 
chimerization and non-Stochastic Site-directed point 
mutagenesis. 

0094. Thus, in one aspect, this invention relates to a 
method of generating a progeny Set of chimeric polynucle 
otide(s) by means that are synthetic and non-stochastic, and 
where the design of the progeny polynucleotide(s) is derived 
by analysis of a parental Set of polynucleotides &/or of the 
polypeptides correspondingly encoded by the parental poly 
nucleotides. In another aspect this invention relates to a 
method of performing site-directed mutagenesis using 
means that are exhaustive, Systematic, and non-Stochastic. 

0.095. Furthermore this invention relates to a step of 
Selecting from among a generated Set of progeny molecules 
a Subset comprised of particularly desirable species, includ 
ing by a process termed end-Selection, which Subset may 
then be screened further. This invention also relates to the 
Step of Screening a Set of polynucleotides for the production 
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of a polypeptide &/or of another expressed biological mol 
ecule having a useful property. 

0096 Novel biological molecules whose manufacture is 
taught by this invention include genes, gene pathways, and 
any molecules whose expression is affected thereby, includ 
ing directly encoded polypetides &/or any molecules 
affected by Such polypeptides. Said novel biological mol 
ecules include those that contain a carbohydrate, a lipid, a 
nucleic acid, &/or a protein component, and Specific but 
non-limiting examples of these include antibiotics, antibod 
ies, enzymes, and Steroidal and non-Steroidal hormones. 
0097. In a particular non-limiting aspect, the present 
invention relates to enzymes, particularly to thermostable 
enzymes, and to their generation by directed evolution. 
More particularly, the present invention relates to thermo 
Stable enzymes which are Stable at high temperatures and 
which have improved activity at lower temperatures. 

12. BACKGROUND 

0.098 Providing Protective Immunity Even in Situations 
When the Pathogens are Poorly Characterized or Cannot be 
Isolated or Cultured in Laboratory Environment 

0099 Genetic immunization represents a novel mecha 
nism of inducing protective humoral and cellular immunity. 
Vectors for genetic vaccinations generally consist of DNA 
that includes a promoter/enhancer Sequence, the gene of 
interest and a polyadenylation/transcriptional terminator 
Sequence. After intramuscular or intradermal injection, the 
gene of interest is expressed, followed by recognition of the 
resulting protein by the cells of the immune System. Genetic 
immunizations provide means to induce protective immu 
nity even in Situations when the pathogens are poorly 
characterized or cannot be isolated or cultured in laboratory 
environment. 

0100 Small Improvement in the Efficiency of Genetic 
Vaccine Vectors can Result in Dramatic Increase if the Level 
of Immune Response 

0101 The efficacy of genetic vaccination is often limited 
by inefficient uptake of genetic vaccine vectors into cells. 
Generally, less than 1% of the muscle or skin cells at the 
Sites of injections express the gene of interest. Even a Small 
improvement in the efficiency of genetic Vaccine vectors to 
enter the cells can result in a dramatic increase in the level 
of immune response induced by genetic vaccination. A 
vector typically has to croSS many barriers which can result 
in only a very minor fraction of the DNA ever being 
expressed. 

0102 Various Limitations to Immunogenicity 

0103) Limitations to immunogenicity include: loss of 
vector due to nucleases present in blood and tissues, inef 
ficient entry of DNA into a cell; inefficient entry of DNA into 
the nucleus of the cell and preference of DNA for other 
compartments; lack of DNA stability in the nucleus (factor 
limiting nuclear Stability may differ from those affecting 
other cellular and extracellular compartments), and, for 
vectors that integrate into the chromosome, the efficiency of 
integration and the Site of integration. Moreover, for many 
applications of genetic vaccines, it is preferable for the 
genetic vaccine to enter a particular target tissue or cell. 
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0104 Thus, a need exists for genetic vaccines that can be 
targeted to Specific cell and tissue types of interest, and 
which exhibit an increased ability to enter the target cells. 
The present invention fulfills these and other needs. 
0105 Pathways for Immune Responses Induced by Gen 
tic Vaccines 

0106 Elicitation of a desired in vivo response by a 
genetic Vaccine generally requires multiple cellular pro 
ceSSes in a complex Sequence. Several potential pathways 
exist along which a genetic Vaccine can exert its effect on the 
mammalian immune System. In one pathway, the genetic 
vaccine vector enters cells that are the predominant cell type 
in the tissue that receives vaccine (e.g., muscle or epithelial 
cells). These cells express and release the antigen encoded 
by the vector. The vaccine vector can be engineered to have 
the antigen released as an intact protein from living trans 
fected cells (i.e., via a Secretion process) or directed to a 
membrane-bound form on the Surface of these cells. Antigen 
can also be released from an intracellular compartment of 
Such cells if those cells die. 

0107 The Antigen Derived from Vaccine Vector Inter 
nalization and Antigen Expression Within the Predominant 
Cell Type in the Tissue Ends Up Within APC, Which Then 
Process the Antigen Internally to Prime MHC Class I and or 
Class II, Essential Steps in Activation of CD4 T Helper 
Cells and Development of Potent Specific Immune 
Responses 
0108 Extracellular antigen derived from any of these 
situations interacts with antigen presenting cells (APC) 
either by binding to the cell surface (specifically via IgM or 
via other non-immunoglobulin receptors) and Subsequent 
endocytosis of Outer membrane, or by fluid phase micropi 
nocytosis wherein the APC internalizes extracellular fluid 
and its contents into an endocytic compartment. Interaction 
with APC may occur before or after partial proteolytic 
cleavage in the extracellular environment. In any case, the 
antigen derived from vaccine vector internalization and 
antigen expression within the predominant cell type in the 
tissue ends up within APC. The APC then process the 
antigen internally to prime MHC Class I and or Class II, 
essential steps in activation of CD4" T-helper cells (T1 
and/or T2) and development of potent specific immune 
responses. 

0109) The Genetic Vaccine Plasmid Enters APC and 
Antigen is Proteolytically Cleaved in the Cell Cytoplasm 
0110. In a parallel pathway, the genetic vaccine plasmid 
enters APC (or the predominant cell type in the tissue) and, 
instead of antigen derived from plasmid expression being 
directed to extracellular export, antigen is proteolytically 
cleaved in the cell cytoplasm (in a proteasome dependent or 
independent process). Often, intracellular processing in Such 
cells occurs via proteasomal degradation into peptides that 
are recognized by the TAP-1 and TAP-2 proteins and trans 
ported into the lumen of the rough endoplasmic reticulum 
(RER). 
0111. The Peptide Fragments are Transported into the 
RER Complex, Expressed on the Cell Surface; in the Pres 
ence of Appropriate Additional Signals, Can Differentiate 
into Functional CTLS 

0112 The peptide fragments transported into the RER 
complex with MHC Class I. Such antigen fragments are then 
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expressed on the cell Surface in association with Class I. 
CD8" cytotoxic T lymphocytes (CTL) bearing specific T cell 
receptor then recognize the complex and can, in the presence 
of appropriate additional Signals, differentiate into func 
tional CTLS. 

0113. By Virtue of Poorly Characterized Pathways for 
Trafficking of Cytoplasmically Generated Peptides into 
EndoSomal Compartments, a Genetic Vaccine Vector Can 
Lead to CD4 T Cell Stimulation 

0114. In addition, poorly characterized pathways, which 
are generally not dominant, exist in APC for trafficking of 
cytoplasmically generated peptides into endoSomal com 
partments where they can end up complexed with MHC 
Class II, and thereby act to present antigen peptides to CD4 
T1 and T2 cells. Because activation, proliferation, differ 
entiation and immunoglobulin isotype Switching by B lym 
phocytes requires help of CD4 T cells, antigen presentation 
in the context of MHC Class II molecules is crucial for 
induction of antigen-Specific antibodies. By virtue of this 
pathway, a genetic vaccine vector can lead to CD4 T cell 
stimulation in addition to the dominant CD8 CTL activa 
tion process described above. This alternative pathway is, 
however, of little consequence in muscle cells where levels 
of MHC Class II expression are very low or zero. 
0115) In This Case Cytokines are Derived Not Only from 
Processes Intrinsic to the Interaction of DNA with Cells, or 
Specific Cell Responses to the Antigen, But Via Synthesis 
Directed by the Vaccine Plasmid 
0116 Genetic vaccination can also elicit cytokine release 
from cells that bind to or take up DNA. So-called immu 
nostimulatory or adjuvant properties of DNA are derived 
from its interaction with cells that internalize DNA. Cytok 
ines can be released from cells that bind and/or internalize 
DNA in the absence of gene transcription. Separately, inter 
action of antigen with APC followed by presentation and 
Specific recognition also Stimulates release of cytokines that 
have positive feedback effects on these cells and other 
immune cells. Chief among these effects are the direction of 
CD4 T cells to differentiate/proliferate preferentially to 
T1 or T2 phenotypes. Furthermore, cytokines released at 
the site of DNA vaccination, regardless of the mechanism of 
their release, contribute to recruitment of other immune cells 
from the immediate local area and more distant Sites Such as 
draining lymph nodes. In recognition of the importance of 
cytokines in elicitation of a potent immune response, Some 
investigators have included the genes for one or more 
cytokines in the DNA vaccine plasmid along with the target 
antigen for immunization. In this case cytokines are derived 
not only from processes intrinsic to the interaction of DNA 
with cells, or Specific cell responses to the antigen, but via 
Synthesis directed by the vaccine plasmid. 

0117 Movement of Immune Cells From the Blood 
Stream and Different Sites to the Site of Immunization and 
Also From the Site of Immunization to Other Sites 

0118. Immune cells are recruited to the site of immuni 
Zation from distant Sites or the bloodstream. Specific and 
non-specific immune responses are then greatly amplified. 
Immune cells, including APC, bearing antigen fragments 
complexed to MHC molecules or even expressing antigen 
from uptake of plasmid, also move from the immunization 
Site to other sites (blood, hence to all tissues; lymph nodes; 
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spleen) where additional immune recruitment and qualita 
tive and quantitative development of the immune response 
CSC. 

0119 Current Genetic Vaccine Vectors Employ Simple 
Methods for Expression of the Desired Antigen with Few If 
Any Design Elements That Control the Precise Intracellular 
Fate of the Antigen or the Immunological Consequences of 
Antigen Expression 
0120 While these pathways often compete, previously 
available genetic vaccines have incorporated all components 
for influencing each of the pathways into a Single polynucle 
otide molecule. Because Separate cell types are involved in 
the complex interactions required for a potent immune 
response to a genetic vaccine vector, mutually incompatible 
consequences can arise from administration of a genetic 
vaccine that is incorporated in a Single vector molecule. 
Current genetic vaccine vectors employ simple methods for 
expression of the desired antigen with few if any design 
elements that control the precise intracellular fate of the 
antigen or the immunological consequences of antigen 
expression. Thus, although genetic vaccines show great 
promise for vaccine research and development, the need for 
major improvements and Several Severe limitations of these 
technologies are apparent. 

0121 Existing Genetic Vaccine Vectors Have Not Been 
Optimized for Human Tissue, Providing Low and Short 
Lasting Expression of the Antigen of Interest, With Insuf 
ficient Stability, Inducibility, or Levels of Expression in 
Vivo, Among Other Things 
0122) Largely due to the lack of suitable laboratory 
models, none of the existing genetic vaccine vectors have 
been optimized for human tissues. The existing genetic 
vaccine vectors typically provide low and short-lasting 
expression of the antigen of interest, and even large quan 
tities of DNA do not always result in Sufficiently high 
expression levels to induce protective immune responses. 
Because the mechanisms of the vector entry into the cells 
and transfer into the nucleus are poorly understood, Virtually 
no attempts have been made to improve these key properties. 
Similarly, little is known about the mechanisms that regulate 
the maintenance of vector functions, including gene expres 
Sion. Furthermore, although there is increasing amount of 
data indicating that Specific Sequences alter the immuno 
Stimulatory properties of the DNA, rational engineering is a 
very laborious and time-consuming approach when using 
this information to generate vector backbones with 
improved immunomodulatory properties. 

0123. Moreover, presently available genetic vaccine vec 
tors do not provide sufficient stability, inducibility or levels 
of expression in Vivo to Satisfy the desire for vaccines which 
can deliver booster immunization without additional vaccine 
administration. Booster immunizations are typically 
required 3-4 weeks after the primary injection with existing 
genetic Vaccines. 
0.124. Therefore a need exists for improved genetic vac 
cine vectors and formulations, and methods for development 
of such vectors. The present invention fulfills these and other 
needs. 

0.125 The interactions between pathogens and hosts are 
results of millions of years of evolution, during which the 
mammalian immune System has evolved Sophisticated 
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means to counterattack pathogen invasions. However, bac 
terial and viral pathogens have simultaneously gained a 
number of mechanisms to improve their virulence and 
Survival in hosts, providing a major challenge for vaccine 
research and development despite the powers of modem 
techniques of molecular and cellular biology. Similar to the 
evolution of pathogen antigens, Several cancer antigens are 
likely to have gained means to downregulate their immu 
nogenicity as a mechanism to escape the host immune 
System. 

0.126 Efficient vaccine development is also hampered by 
the antigenic heterogeneity of different Strains of pathogens, 
driven in part by evolutionary forces as means for the 
pathogens to escape immune defenses. Pathogens also 
reduce their immunogenicity by Selecting antigens that are 
difficult to express, proceSS and/or transport in host cells, 
thereby reducing the availability of immunogenic peptides 
to the molecules initiating and modulating immune 
responses. The mechanisms associated with these challenges 
are complex, multivariate and rather poorly characterized. 
Accordingly, a need exists for vaccines that can induce a 
protective immune response against bacterial and viral 
pathogens. The present invention fulfills this and other 
needs. 

0127. Antigen processing and presentation is only one 
factor which determines the effectiveness of vaccination, 
whether performed with genetic vaccines or more classical 
methods. Other molecules involved in determining vaccine 
effectiveness include cytokines (interleukins, interferons, 
chemokines, hematopoietic growth factors, tumor necrosis 
factors and transforming growth factors), which are Small 
molecular weight proteins that regulate maturation, activa 
tion, proliferation and differentiation of the cells of the 
immune System. 
0128 Characteristic features of cytokines are pleiotropy 
and redundancy; that is, one cytokine often has Several 
functions and a given function is often mediated by more 
than one cytokine. In addition, Several cytokines have addi 
tive or Synergistic effects with other cytokines, and a number 
of cytokines also share receptor components. 
0129. Due to the complexity of the cytokine networks, 
Studies on the physiological Significance of a given cytokine 
have been difficult, although recent Studies using cytokine 
gene-deficient mice have significantly improved our under 
Standing on the functions of cytokines in Vivo. In addition to 
Soluble proteins, Several membrane-bound coStimulatory 
molecules play a fundamental role in the regulation of 
immune responses. These molecules include CD40, CD40 
ligand, CD27, CD80, CD86 and CD150 (SLAM), and they 
are typically expressed on lymphoid cells after activation via 
antigen recognition or through cell-cell interactions. 
0130 T helper (T) cells, key regulators of the immune 
System, are capable of producing a large number of different 
cytokines, and based on their cytokine Synthesis pattern T. 
cells are divided into two subsets (Paul and Seder (1994) 
Cell 76: 241-251). T1 cells produce high levels of IL-2 and 
IFN- and no or minimal levels of IL-4, IL-5 and IL-13. In 
contrast, T2 cells produce high levels of IL-4, IL-5 and 
IL-13, and IL-2 and IFN-production is minimal or absent. 
T.1 cells activate macrophages, dendritic cells and augment 
the cytolytic activity of CD8 cytotoxic T lymphocytes and 
NK cells (Id.), whereas T cells provide efficient help for B 
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cells and they also mediate allergic responses due to the 
capacity of T2 cells to induce IgE isotype Switching and 
differentiation of B cells into IgE secreting cell (De Vries 
and Punnonen (1996) In Cytokine regulation of humoral 
immunity, basic and clinical aspects. Eds. Snapper, C. M., 
John Wiley & Sons, Ltd., West Sussex, UK, p. 195-215). 
The exact mechanisms that regulate the differentiation of T 
helper cells are not fully understood, but cytokines are 
believed to play a major role. IL-4 has been shown to direct 
T2 differentiation, whereas IL-12 induces development of 
T.1 cells (Paul and Seder, Supra.). In addition, it has been 
Suggested that membrane bound coStimulatory molecules, 
such as CD80, CD86 and CD150, can direct T1 and/or T2 
development, and the same molecules that regulate T cell 
differentiation also affect activation, proliferation and dif 
ferentiation of B cells into Ig-Secreting plasma cells (Cocks 
et al. (1995) Nature 376: 260-263; Lenschow et al. (1996) 
Immunity 5: 285-293; Punnonen et al. (1993) Proc. Natl. 
Acad. Sci. USA 90: 3730-3734; Punnonen et al. (1997) J 
Exp. Med. 185: 993-1004). 
0131 Studies in both man and mice have demonstrated 
that the cytokine Synthesis profile of T helper (T) cells 
plays a crucial role in determining the outcome of Several 
Viral, bacterial and parasitic infections. High frequency of 
T.1 cells generally protects from lethal infections, whereas 
dominant T2 phenotype often results in disseminated, 
chronic infections. For example, TI phenotype is observed 
in tuberculoid (resistant) form of leprosy and T2 phenotype 
in lepromatous, multibacillary (Susceptible) lesions (Yama 
mura et al. (1991) Science 254; 277-279). Similarly, late 
Stage HIV patients have T2-like cytokine Synthesis pro 
files, and T1 phenotype has been proposed to protect from 
AIDS (Maggi et al. (1994) J Exp. Med 180: 489-495). 
Furthermore, the Survival from meningococcal Septicemia is 
genetically determined based on the capacity of peripheral 
blood leukocytes to produce TNF- and IL-10. Individuals 
from families with high production of IL-10 have increased 
risk of fatal meningococcal disease, whereas members of 
families with high TNF-production were more likely to 
survive the infection (Westendorp et al. (1997) Lancet 349: 
170-173). 
0132 Cytokine treatments can dramatically influence 
T1/T2 cell differentiation and macrophage activation, and 
thereby the outcome of infectious diseases. For example, 
BALB/c mice infected with Leishmania major generally 
develop a disseminated fatal disease with a T2 phenotype, 
but when treated with anti-IL-4 mAbs or IL-12, the fre 
quency of T.1 cells in the mice increases and they are able 
to counteract the pathogen invasion (Chatelain et al. (1992) 
J Immunol. 148: 1182-1187). Similarly, IFN-protects mice 
from lethal Herpes Simplex Virus (HSV) infection, and 
MCP-1 prevents lethal infections by Pseudomonas aerugi 
noSa or SalmOnella typhimurium. In addition, cytokine treat 
ments, Such as recombinant IL-2, have shown beneficial 
effects in human common variable immunodeficiency (Cun 
ningham-Rundles et al. (1994) N. Engl. J Med. 331: 918 
921). 
0133. The administration of cytokines and other mol 
ecules to modulate immune responses in a manner most 
appropriate for treating a particular disease can provide a 
Significant tool for the treatment of disease. However, pres 
ently available immunomodulator treatments can have Sev 
eral disadvantages, Such as insufficient Specific activity, 
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induction of immune responses against, the immunomodu 
lator that is administered, and other potential problems. 
Thus, a need exists for immunomodulators that exhibit 
improved properties relative to those currently available. 
The present invention fulfills this and other needs. 
0.134 Erythrocytes infected with the malaria parasite P 
falciparum disappear from the peripheral circulation as they 
mature from the ring stage to trophozoites (Bignami and 
Bastianeli, Reforma Medica (1889) 6:1334-1335). This phe 
nomenon, known as Sequestration, results from parasitized 
erythrocyte (“PE”) adherence to microvascular endothelial 
cells in diverse organs (Miller, Am. J Trop. Med. Hyg. (1969) 
18:860-865). Sequestration is associated temporally with 
expression of knob protrusions (Leech et al., J. Cell. Biol. 
(1984) 98: 1256-1264), expression of a very large antigeni 
cally variant surface protein, called PfEMP1 (Aley et al., J. 
Exp. Med. (1984) 160:1585-1590; Leech et al., J. Exp. Med. 
(1984) 159:1567-1575; Howard et al., Molec. Biochem. 
Parasitol. (1988) 27:207-223), and expression of new recep 
tor properties which mediate adherence to endothelial cells 
(Miller, supra; Udeinya et al., Science (1981) 213:555-557. 
Endothelial cell surface proteins such as CD36, thrombo 
spondin (TSP) and ICAM-1 have been identified as major 
host receptorS for mature PE. See, e.g., Barnwell et al., J. 
Immunol. (1985) 135:3494-3497; Roberts et al., Nature 
(1985)318:64-66; and Berendt et al., Nature (1989) 341:57 
59. 

0.135 PE sequestration confers unique advantages for P. 
falciparum parasites (Howard and Gilladoga, Blood (1989) 
74:2603-2618), but also contributes directly to the acute 
pathology of P falciparum (Miller et al., Science (1994) 
264:1878-1883). Of the four human malarias, only Pfalci 
parum infection is associated with neurological impairment 
and cerebral pathology Seen increasingly in Severe drug 
resistant malaria (Howard and Gilladoga, Supra). 
0.136 Although the genesis of human cerebral malaria is 
likely due to a combination of factors including particular 
parasite phenotypes (Berendt et al., Parasitol. Today (1994) 
10:412–414), inappropriate immune responses and the phe 
notype of endothelial cell Surface molecules in the cerebral 
microvasculature (Pasloske and Howard, Ann. Rev. Med. 
(1994):283-295), adherence of PE to cerebral blood vessels 
and consequent local microvascular occlusion is a major 
contributing factor. See, e.g., Berendt et al., Supra; Patnaik 
et al., Am. J. Trop. Med. Hyg. (1994) 51:642-647. 
0.137 The capacity of Pfalciparum PE to express variant 
forms of PfEMP1 contributes to the special virulence of this 
parasite. Variant parasites can evade variant-specific anti 
bodies elicited by earlier infections. The P falciparum 
variant antigens have been defined in Vitro using antiserum 
prepared in Aotus monkeys infected with individual parasite 
strains (Howard et al., Molec. Biochem. Parasitol. (1988) 
27:207-223). Antibodies raised against a particular parasite 
will only react by PE agglutination, indirect immuno-fluo 
rescence or immunoelectronimicroScopy with PE from the 
same strain (van Schravendijk et al., Blood (1991) 78:226 
236). 
0.138. Such studies with PE from malaria patients in 
diverse geographic locations and Sera from the same or 
different patients confirm that PE in natural isolates express 
variant Surface antigens and that individual patients respond 
to infection by production of isolate-specific antibodies 
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(Marsh and Howard, Science (1986) 231: 150-153; Aguiar et 
al., Am. J. Trop. Med. Hyg. (1992) 47:621-632; Iqbal et al., 
Trans. R. Soc. Trop. Med. Hyg. (1993) 87:583-588. Expres 
Sion of a variant antigen on PE has also been demonstrated 
in Several Simian, murine and human malaria Species, 
including P knowlesi (Brown and Brown, Nature (1965) 
208:1286-1288; Barnwell et al., Infect. Immun. (1983) 
40:985-994), P. chabaudi (Gilks et al., Parasite Immunol. 
(1990) 12:45-64; Brannan et al., Proc. R. Soc. Lond. Biol. 
Sci. (1994) 256:71-75), P fragile (Handunnetti et al., J. Exp. 
Mod. (1987) 165:1269-1283) and P. vivax (Mendis et al., 
Am. J. Txop. Med. Hyg. (1988) 38:42-46). Laboratory 
studies with P. knowlesi (Brown and Brown, supra; Barnwell 
et al., Supra) or Pfalciparum (Hommel et al., J. Exp. Med. 
(1983) 157: 1137-1148) in monkeys and P chabaudi in mice 
(Gilks et al., Supra) confirmed that antigenic variation at the 
PESurface is associated with prolonged or chronic infection 
and the capacity to repeatedly re-establish blood infection in 
previously infected animals. Studies with cloned parasites 
demonstrated that antigenic variants can arise with extraor 
dinary frequency, e.g., 2% per generation with Pfalciparum 
(Roberts et al., Nature (1992) 357:689-692) and 1.6% per 
generation with P Chabaudi (Brannan et al., Supra). 
0139 PfEMP1 was identified as a 'I-labeled, size 
diverse protein (200-350 kD) on PE that is lacking from 
uninfected erythrocytes, and that is also labeled by biosyn 
thetic incorporation of radiolabeled amino acids (Leech et 
al., J. Exp. Med. (1984) 159:1567-1575; Howard et al., 
Molec. Biochem. Parasitol. (1988) 27:207-223). PfEMP1 is 
not extracted from PE by neutral detergents such as Triton 
X-100 but is extracted by SDS, suggesting that it is linked 
to the erythrocyte cytoskeleton (Aley et al., J. Med. Exp. 
(1984) 160:1585-1590). After addition of excess Triton 
X-100, PfEMP1 is immunoreactive with appropriate serum 
antibodies (Howard et al., (1988), Supra). Mild trypsiniza 
tion of intact PE rapidly cleaves PfEMP1 from the cell 
surface (Leech et al., J. Exp. Mod. (1984) 159:1567-1575). 
PfEMP1 bears antigenically diverse epitopes since it is 
immunoprecipitated from particular Strains of Pfalciparum 
by antibodies from Sera of Aotus monkeys infected with the 
Same Strain, but not by antibodies from animals infected 
with heterologous strains (Howard et al. (1988), Supra). 
KnobleSS PE derived from parasite passage in Splenecto 
mized Aotus monkeys (Aley et al., Supra) do not express 
surface PfEMP1 and are not agglutinated with Sera from 
immune individuals or infected monkeys (Howard et al. 
(1988), Supra; Howard and Gilladoga, Blood (1989) 
74:2603-2618). In general, sera that react with the PE 
Surface by indirect immunofluorescence and antibody-me 
diated PE agglutination are the only Sera to immunoprecipi 
tate 'I-labeled PfEMP1 from any particular strain (Howard 
et al., (1988), Supra; van Schravendijk et al., Blood (1991) 
78:226- 236; Biggs et al., J. Immunol. (1992) 149:2047 
2054). 
0140. The adherence of parasitized erythrocytes to endot 
helial cells is mediated by multiple receptor/counter-recep 
tor interactions, including CD36, thrombospondin and intra 
cellular adhesion molecule-1 (ICAM 1) as the major host 
cell receptors (Howard and Gilladoga, Blood (1989) 
74:2603- 2618, Pasloske and Howard, Ann. Rev. Med. 
(1994) 45:283-295). 
0141 Vascular cell adhesion molecule-1 (VCAM-1) and 
endothelial leukocyte adhesion molecule-1 (ELAM-1) have 
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also been implicated as additional endothelial cell receptors 
that can mediate adherence of a minority of Pfalciparum PE 
(Ockenhouse, et al., J. Exp. Med. (1992) 176:1183–1189, 
and Howard and Paslaske, Supra). The adherence receptors 
on the surface of PE has not yet been conclusively identified, 
and Several molecules, including AG 332 (Udomsangpetch, 
et al., Nature (1989) 338:763-765), modified band 3 (Cran 
dall, et al., Proc. Natl Acad. Sci. USA (1993) 90:4703 
4707), Sequestrin (Ockenhouse, Proc. Natl Acad. Sci. USA 
(1991) 88:3175-3179), and PfEMP1 (Howard and Gilla 
doga, Supra, and Pasloske and Howard, Supra), have been 
proposed as candidates. Several pieces of indirect evidence 
have linked expression of PfEMP1 with the acquisition of 
new host protein receptor properties on the Surface of PE 
(Howard and Gilladoga, Supra; Pasloske and Howard, Ann. 
Rev. Med. (1994) 45:283-295). PE adherence is correlated 
with the expression of PfEMP1 on the surface of mature 
stage PE (Leech, et al., J. Exp. Med. (1984) 159:1567-1575). 
Alterations in the adherence phenotype of the PE selected 
for in vitro are usually associated with the emergence of new 
forms of PfEMP1 (Biggs, et al., J. Immunol. (1992) 
149:2047-2054; Roberts, et al., Nature (1992)357:689-692). 
Mild trypsinization of intact mature PE cleaves the extra 
cellular portion of PfEMP1 and at the same time, reduces or 
eliminates PE cytoadherence (Leech, et al., Supra) Previ 
ously described antibody mediated blockade or reversal of 
cytoadherence is Strain specific and is correlated with the 
ability of the reacting Sera to agglutinate the corresponding 
PE and to immunoprecipitate the surface labeled 'I- 
PfEMP1 (Howard, et al., Molec. Biochem. Parasitol. (1988) 
27:207-224). Pfalhesin (modified band 3) have been shown 
to bind CD36 under non-physiological conditions (Crandall, 
et al., Exp. Parasitol. (1994)78:203-209). Sequestrin, which 
appears to be homologous to PfEMP1, extracted with 
TX100 from knobless PE, was shown to bind to immobi 
lized CD36 (Ockenhouse, Proc. Natl Acad. Sci. USA 
(1991) 88:3175-3179). 
0142. The complex nature and/or mechanism of malarial 
antigenic variation, and its particular virulence has created a 
need for methods and compositions which may be useful in 
the treatment diagnosis and prevention of malaria infections. 
The present invention meets these and other needs. 

0.143 General Overview of Problems & Considerations 
in Directed Evolution 

0144. The approach, termed directed evolution, of 
experimentally modifying a biological molecule towards a 
desirable property, can be achieved by mutagenizing one or 
more parental molecular templates and by idendifying any 
desirable molecules among the progeny molecules. Cur 
rently available technologies in directed evolution include 
methods for achieving Stochastic (i.e. random) mutagenesis 
and methods for achieving non-stochastic (non-random) 
mutagenesis. However, critical shortfalls in both types of 
methods are identified in the instant disclosure. 

0145. In prelude, it is noteworthy that it may be argued 
philosophically by Some that all mutagenesis-if considered 
from an objective point of View—is non-Stochastic, and 
furthermore that the entire universe is undergoing a process 
that-if considered from an objective point of view is 
non-stochastic. Whether this is true is outside of the scope of 
the instant consideration. Accordingly, as used herein, the 
terms “randomness”, “uncertainty”, and “unpredictability” 
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have Subjective meanings, and the knowledge, particularly 
the predictive knowledge, of the designer of an experimental 
proceSS is a determinant of whether the proceSS is Stochastic 
or non-Stochastic. 

0146 By way of illustration, stochastic or random 
mutagenesis is exemplified by a situation in which a pro 
genitor molecular template is mutated (modified or changed) 
to yield a set of progeny molecules having mutation(s) that 
are not predetermined. Thus, in an in vitro Stochastic 
mutagenesis reaction, for example, there is not a particular 
predetermined product whose production is intended; rather 
there is an uncertainty-hence randomneSS-regarding the 
exact nature of the mutations achieved, and thus also regard 
ing the products generated. In contrast, non-Stochastic or 
non-random mutagenesis is exemplified by a Situation in 
which a progenitor molecular template is mutated (modified 
or changed) to yield a progeny molecule having one or more 
predetermined mutations. It is appreciated that the presence 
of background products in Some quantity is a reality in many 
reactions where molecular processing occurs, and the pres 
ence of these background products does not detract from the 
non-Stochastic nature of a mutagenesis process having a 
predetermined product. 

0147 Thus, as used herein, Stochastic mutagenesis is 
manifested in processes Such as error-prone PCR and Sto 
chastic shuffling, where the mutation(s) achieved are ran 
dom or not predetermined. In contrast, as used herein, 
non-Stochastic mutagenesis is manifested in instantly dis 
closed processes Such as gene site-Saturation mutagenesis 
and Synthetic ligation reassembly, where the exact chemical 
Structure(s) of the intended product(s) are predetermined. 
0.148. In brief, existing mutagenesis methods that are 
non-Stochastic have been Serviceable in generating from one 
to only a very Small number of predetermined mutations per 
method application, and thus produce per method applica 
tion from one to only a few progeny molecules that have 
predetermined molecular structures. Moreover, the types of 
mutations currently available by the application of these 
non-Stochastic methods are also limited, and thus So are the 
types of progeny mutant molecules. 
0149. In contrast, existing methods for mutagenesis that 
are Stochastic in nature have been Serviceable for generating 
Somewhat larger numbers of mutations per method applica 
tion-though in a random fashion & usually with a large but 
unavoidable contingency of undesirable background prod 
ucts. Thus, these existing Stochastic methods can produce 
per method application larger numbers of progeny mol 
ecules, but that have undetermined molecular structures. The 
types of mutations that can be achieved by application of 
these current Stochastic methods are also limited, and thus So 
are the types of progeny mutant molecules. 
0150. It is instantly appreciated that there is a need for the 
development of non-Stochastic mutagenesis methods that: 

0151. 1) Can be used to generate large numbers of 
progeny molecules that have predetermined molecu 
lar structures, 

0152 2) Can be used to readily generate more types 
of mutations, 

0153. 3) Can produce a correspondingly larger vari 
ety of progeny mutant molecules, 
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0154) 4) Produce decreased unwanted background 
products, 

0155 5) Can be used in a manner that is exhaustive 
of all possibilities, and 

0156 6) Can produce progeny molecules in a sys 
tematic & non-repetitive way. 

O157 The instant invention satisfies all of these needs. 
0158 Directed Evolution Supplements Natural Evolu 
tion: Natural evolution has been a springboard for directed 
or experimental evolution, Serving both as a reservoir of 
methods to be mimicked and of molecular templates to be 
mutagenized. It is appreciated that, despite its intrinsic 
process-related limitations (in the types of favored &/or 
allowed mutagenesis processes) and in its speed, natural 
evolution has had the advantage of having been in process 
for millions of years & and throughout a wide diversity of 
environments. Accordingly, natural evolution (molecular 
mutagenesis and Selection in nature) has resulted in the 
generation of a wealth of biological compounds that have 
shown usefulneSS in certain commercial applications. 
0159. However, it is instantly appreciated that many 
unmet commercial needs are discordant with any evolution 
ary pressure &/or direction that can be found in nature. 
Moreover, it is often the case that when commercially useful 
mutations would otherwise be favored at the molecular level 
in nature, natural evolution often overrides the positive 
Selection of Such mutations, e.g. 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, natural evolution is often slow, and 
favors fidelity in many types of replication. Additionally 
Still, natural evolution often favors a path paved mainly by 
consecutive beneficial mutations while tending to avoid a 
plurality of Successive negative mutations, even though Such 
negative mutations may prove beneficial when combined, or 
may lead-through a circuitous route-to final State that is 
beneficial. 

0160 Moreover, natural evolution advances through spe 
cific steps (e.g. specific mutagenesis and Selection pro 
cesses), with avoidance of less favored Steps. For example, 
many nucleic acids do not reach close enough proximity to 
each other in a operative environment to undergo chimer 
ization or incorporation or other types of transferS from one 
Species to another. Thus, e.g., when Sexual intercourse 
between 2 particular species is avoided in nature, the chi 
merization of nucleic acids from these 2 species is likewise 
unlikely, with parasites common to the two species Serving 
as an example of a very slow passageway for inter-molecular 
encounters and eXchanges of DNA. For another example, 
the generation of a molecule causing Self-toxicity or Self 
lethality or sexual sterility is avoided in nature. For yet 
another example, the propagation of a molecule having no 
particular immediate benefit to an organism is prone to 
Vanish in Subsequent generations of the organism. Further 
more, e.g., there is no Selection pressure for improving the 
performance of molecule under conditions other than those 
to which it is exposed in its endogenous environment; e.g. a 
cytoplasmic molecule is not likely to acquire functional 
features extending beyond what is required of it in the 
cytoplasm. Furthermore Still, the propagation of a biological 
molecule is Susceptible to any global detrimental effects 
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whether caused by itself or not-on its ecosystem. These 
and other characteristics greatly limit the types of mutations 
that can be propagated in nature. 

0161) On the other hand, directed (or experimental) evo 
lution-particularly as provided herein-can be performed 
much more rapidly and can be directed in a more Stream 
lined manner at evolving a predetermined molecular prop 
erty that is commercially desirable where nature does not 
provide one &/or is not likely to provide. Moreover, the 
directed evolution invention provided herein can provide 
more wide-ranging possibilities in the types of Steps that can 
be used in mutagenesis and Selection processes. Accord 
ingly, using templates harvested from nature, the instant 
directed evolution invention provides more wide-ranging 
possibilities in the types of progeny molecules that can be 
generated and in the Speed at which they can be generated 
than often nature itself might be expected to in the same 
length of time. 
0162. In a particular exemplification, the instantly dis 
closed directed evolution methods can be applied iteratively 
to produce a lineage of progeny molecules (e.g. comprising 
Successive sets of progeny molecules) that would not likely 
be propagated (i.e., generated &/or Selected for) in nature, 
but that could lead to the generation of a desirable down 
Stream mutagenesis product that is not achievable by natural 
evolution. 

0163 Previous Directed Evolution Methods Are Subop 
timal: 

0164 Mutagenesis has been attempted in the past on 
many occasions, but by methods that are inadequate for the 
purpose of this invention. For example, previously described 
non-Stochastic methods have been Serviceable in the gen 
eration of only very Small sets of progeny molecules (com 
prised often of merely a Solitary progeny molecule). By way 
of illustration, a chimeric gene has been made by joining 2 
polynucleotide fragments using compatible Sticky ends gen 
erated by restriction enzyme(s), where each fragment is 
derived from a separate progenitor (or parental) molecule. 
Another example might be the mutagenesis of a single 
codon position (i.e. to achieve a codon Substitution, addition, 
or deletion) in a parental polynucleotide to generate a single 
progeny polynucleotide encoding for a single Site-mu 
tagenized polypeptide. 

0.165 Previous non-stochastic approaches have only been 
Serviceable in the generation of but one to a few mutations 
per method application. Thus, these previously described 
non-Stochastic methods thus fail to address one of the central 
goals of this invention, namely the exhaustive and non 
Stochastic chimerization of nucleic acids. Accordingly pre 
vious non-Stochastic methods leave untapped the vast major 
ity of the possible point mutations, chimerizations, and 
combinations thereof, which may lead to the generation of 
highly desirable progeny molecules. 

0166 In contrast, stochastic methods have been used to 
achieve larger numbers of point mutations and/or chimer 
izations than non-Stochastic methods; for this reason, Sto 
chastic methods have comprised the predominant approach 
for generating a set of progeny molecules that can be 
Subjected to Screening, and amongst which a desirable 
molecular species might hopefully be found. However, a 
major drawback of these approaches is that—because of 
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their Stochastic nature-there is a randomneSS to the exact 
components in each Set of progeny molecules that is pro 
duced. Accordingly, the experimentalist typically has little 
or no idea what exact progeny molecular species are repre 
Sented in a particular reaction vessel prior to their genera 
tion. Thus, when a stochastic procedure is repeated (e.g. in 
a continuation of a Search for a desirable progeny molecule), 
the re-generation and re-screening of previously discarded 
undesirable molecular species becomes a labor-intensive 
obstruction to progreSS, causing a circuitous-if not circu 
lar path to be taken. The drawbacks of such a highly 
Suboptimal path can be addressed by Subjecting a stochas 
tically generated Set of progeny molecules to a labor 
incurring process, Such as Sequencing, in order to identify 
their molecular Structures, but even this is an incomplete 
remedy. 

0.167 Moreover, current stochastic approaches are highly 
unsuitable for comprehensively or exhaustively generating 
all the molecular species within a particular grouping of 
mutations, for attributing functionality to specific structural 
groups in a template molecule (e.g. a specific single amino 
acid position or a Sequence comprised of two or more amino 
acids positions), and for categorizing and comparing specific 
grouping of mutations. Accordingly, current Stochastic 
approaches do not inherently enable the Systematic elimi 
nation of unwanted mutagenesis results, and are, in Sum, 
burdened by too many inherently shortcomings to be opti 
mal for directed evolution. 

0.168. In a non-limiting aspect, the instant invention 
addresses these problems by providing non-Stochastic 
means for comprehensively and exhaustively generating all 
possible point mutations in a parental template. In another 
non-limiting aspect, the instant invention further provides 
means for exhaustively generating all possible chimeriza 
tions within a group of chimerizations. Thus, the aforemen 
tioned problems are Solved by the instant invention. 

0169 Specific shortfalls in the technological landscape 
addressed by this invention include: 

0170 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). 

0171 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. 

0172 3) There is no relatively easy systematic 
means for providing comprehensive empirical infor 
mation relating Structure to function for molecular 
positions. 

0173 4) There is no easy systematic means for 
incorporating internal controls, Such as positive con 
trols, for key steps in certain mutagenesis (e.g. 
chimerization) procedures. 
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0174 5) There is no easy systematic means to select 
for a specific group of progeny molecules, Such as 
full-length chimeras, from among Smaller partial 
Sequences. 

0.175. An exceedingly large number of possibilities exist 
for the purposeful and random combination 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. 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. 
0176) 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. 
0177 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. 

0.178 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. 
0179 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. 
0180 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 
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. 
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0181. 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 re-synthesized 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. 

0182 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. 

0183 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). 
0184. 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. 
0185. 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. 

0186 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. 

0187. 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. 

0188 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. 
0189 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 
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a System which would allow generation and Screening of all 
of these possible combination mutations. 
0190. 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. 
0191). 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). 
0.192 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. 

1.3 SUMMARY OF THE INVENTION 

0193 Directing an Immune Response so as to Achieve an 
Optimal Response to Vaccination 
0194 The present invention provides multicomponent 
genetic vaccines that include at least one, and preferably two 
or more genetic vaccine components that confer upon the 
vaccine the ability to direct an immune response So as to 
achieve an optimal response to vaccination. For example, 
the genetic vaccines can include a component that provides 
optimal antigen release; a component that provides optimal 
production of cytotoxic T lymphocytes, a component that 
directs release of an immunomodulator; a component that 
directs release of a chemokine, and/or a component that 
facilitates binding to, or entry into, a desired target cell type. 
For example, a component can confer improved improves 
binding to, and uptake of, the genetic Vaccine to target cells 
Such as antigen-expressing cells or antigen-presenting cells. 
0.195 Additional components include those that direct 
antigen peptides derived from uptake of an antigen into a 
cell to presentation on either Class I or Class II molecules. 
For example, one can include a component that directs 
antigen peptides to presentation on Class I molecules and 
comprises a polynucleotide that encodes a protein Such as 
tapasin, TAP-1 and TAP-2, and/or a component that directs 
antigen peptides to presentation on Class Il molecules and 
comprises a polynucleotide that encodes a protein Such as an 
endoSomal or lysosomal protease. 
0196. In a particularly preferred aspect, this invention 
provides a method for obtaining an immunomodulatory 
polynucleotide that has an optimized modulatory effect on 
an immune response, or encodes a polypeptide that has an 
optimized modulatory effect on an immune response, the 
method comprising: creating a library of non-Stochastically 
generated progeny polynucleotides from a parental poly 
nucleotide Set, wherein optimization can thus be achieved 
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using one or more of the directed evolution methods as 
described herein in any combination, permutation and itera 
tive manner; whereby these directed evolution methods 
include the introduction of mutations by non-Stochastic 
methods, including by “gene Site Saturation mutagenesis' as 
described herein; and whereby these directed evolution 
methods also include the introduction mutations by non 
Stochastic polynucleotide reassembly methods as described 
herein; including by Synthetic ligation polynucleotide reas 
sembly as described herein. 
0197). In another particularly preferred aspect, this inven 
tion provides a method for obtaining an immunomodulatory 
polynucleotide that has an optimized modulatory effect on 
an immune response, or encodes a polypeptide that has an 
optimized modulatory effect on an immune response, the 
method comprising: 

0198 Screening a library of non-stochastically gen 
erated progeny polynucleotides to identify an opti 
mized non-Stochastically generated progeny poly 
nucleotide that has, or encodes a polypeptide that 
has, a modulatory effect on an immune response; 
wherein the optimized non-Stochastically generated 
polynucleotide or the polypeptide encoded by the 
non-Stochastically generated polynucleotide exhibits 
an enhanced ability to modulate an immune response 
compared to a parental polynucleotide from which 
the library was created. 

0199. In another particularly preferred aspect, this inven 
tion provides a method for obtaining an immunomodulatory 
polynucleotide that has an optimized modulatory effect on 
an immune response, or encodes a polypeptide that has an 
optimized modulatory effect on an immune response, the 
method comprising: a) creating a library of non-stochasti 
cally generated progeny polynucleotides from a parental 
polynucleotide set; and b) screening the library to identify an 
optimized non-Stochastically generated progeny polynucle 
otide that has, or encodes a polypeptide that has, a modu 
latory effect on an immune response induced by a genetic 
vaccine vector; wherein the optimized non-Stochastically 
generated polynucleotide or the polypeptide encoded by the 
non-Stochastically generated polynucleotide exhibits an 
enhanced ability to modulate an immune response compared 
to a parental polynucleotide from which the library was 
created; whereby optimization can thus be achieved using 
one or more of the directed evolution methods as described 
herein in any combination, permutation, and iterative man 
ner; whereby these directed evolution methods include the 
introduction of point mutations by non-Stochastic methods, 
including by “gene Site Saturation mutagenesis' as described 
herein; and whereby these directed evolution methods also 
include the introduction mutations by non-Stochastic poly 
nucleotide reassembly methods as described herein; includ 
ing by Synthetic ligation polynucleotide reassembly as 
described herein. 

0200. In another particularly preferred aspect, this inven 
tion provides a method for obtaining an immunomodulatory 
polynucleotide that has, an optimized expression in a recom 
binant expression host, the method comprising: creating a 
library of non-Stochastically generated progeny polynucle 
otides from a parental polynucleotide Set, whereby optimi 
Zation can thus be achieved using one or more of the directed 
evolution methods as described herein in any combination, 
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permutation and iterative manner; whereby these directed 
evolution methods include the introduction of mutations by 
non-Stochastic methods, including by “gene Site Saturation 
mutagenesis' as described herein; and whereby these 
directed evolution methods also include the introduction 
mutations by non-Stochastic polynucleotide reassembly 
methods as described herein; including by Synthetic ligation 
polynucleotide reassembly as described herein. 
0201 In another particularly preferred aspect, this inven 
tion provides a method for obtaining an immunomodulatory 
polynucleotide that has an optimized expression in a recom 
binant expression host, the method comprising: Screening a 
library of non-Stochastically generated progeny polynucle 
otides to identify an optimized non-Stochastically generated 
progeny polynucleotide that has an optimized expression in 
a recombinant expression host when compared to the 
expression of a parental polynucleotide from which the 
library was created. 
0202) In another particularly preferred aspect, this inven 
tion provides a method for obtaining an immunomodulatory 
polynucleotide that has an optimized expression in a recom 
binant expression host, the method comprising: a) creating 
a library of non-Stochastically generated progeny polynucle 
otides from a parental polynucleotide set; and b) Screening 
a library of non-Stochastically generated progeny polynucle 
otides to identify an optimized non-Stochastically generated 
progeny polynucleotide that has an optimized expression in 
a recombinant expression host when compared to the 
expression of a parental polynucleotide from which the 
library was created; whereby optimization can thus be 
achieved using one or more of the directed evolution meth 
ods as described herein in any combination, permutation, 
and iterative manner; whereby these directed evolution 
methods include the introduction of point mutations by 
non-Stochastic methods, including by “gene Site Saturation 
mutagenesis' as described herein; and whereby these 
directed evolution methods also include the introduction 
mutations by non-Stochastic polynucleotide reassembly 
methods as described herein; including by Synthetic ligation 
polynucleotide reassembly as described herein. 
0203. In one aspect, this invention provides that the 
ability to a vaccine, for example a genetic Vaccine, or a 
component of a vaccine, for example a component of a 
genetic vaccine by optimizing its immunogenicity. More 
over, the present invention provides for the modification of 
other properties, including its: 

0204 Catalysed reaction(s) 
0205 Reaction type 
0206 Natural substrate(s) 
0207 Substrate spectrum 
0208 Product spectrum 
0209 Inhibitor(s) 
0210 Cofactor(s)/prostetic group(s) 
0211 
0212 
0213) 
0214) 

Metal compounds/salts that affect it 
Turnover number 

Specific activity 
Km value 
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0215 pH optimum 
0216 pH range 
0217 Temperature optimum 
0218 Temperature range 

0219. It is also instantly appreciated that the serviceabil 
ity of amolecule with an immunogenic effect can be affected 
by additional physical properties, which can likewise be 
modified by directed evolution as provided herein, Such as 
how it is affected by Subjection to: 

0220) 
0221) Purification 

Isolation/Preparation 

0222 Renaturating conditions (reversibility or 
retention of activity upon: heating and cooling, urea, 
Salts, detergents, pH extremes) 

0223) Crystallization 
0224 pH 
0225 Temperature 

0226. Oxidation 
0227 Organic solvent(s) 
0228 Miscellaneous storage conditions 

0229. Moreover, the instant invention provides for the 
modification of molecule's immunogenic properties proper 
ties Such as 

0230 Exposure to biological compartments (stom 
ach acids, in Vivo degradation) 

0231 Expression (e.g.Transcription &/or Transla 
tion) level 

0232 mRNA stability 
0233. Any in vivo interactions with other cells or 
biologicals 

0234 Method for Obtaining the Genetic Components 
0235. In some embodiments, one or more of the genetic 
vaccine components is obtained by a method that involves: 
(1) reassembling (&/or Subjecting to one or more directed 
evolution methods described herein) at least first and Second 
forms of a nucleic acid which can confer a desired property 
upon a genetic Vaccine, wherein the first and Second forms 
differ from each other in two or more nucleotides, to produce 
a library of recombinant nucleic acids; and (2) Screening the 
library to identify at least one optimized recombinant com 
ponent that exhibits an enhanced capacity to confer the 
desired property upon the genetic vaccine. If further opti 
mization of the component is desired, the following addi 
tional Steps can be conducted: (3) reassembling (&/or Sub 
jecting to one or more directed evolution methods described 
herein) at least one optimized recombinant component with 
a further form of the nucleic acid, which is the same or 
different from the first and Second forms, to produce a 
further library of recombinant nucleic acids; (4) Screening 
the further library to identify at least one further optimized 
recombinant component that exhibits an enhanced capacity 
to confer the desired property upon the genetic vaccine, and 
(5) repeating (3) and (4), as necessary, until the further 
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optimized recombinant component exhibits a further 
enhanced capacity to confer the desired property upon the 
genetic Vaccine. 

0236 Members of a Gene Family 
0237. In some embodiments of the invention, the first 
form of the nucleic acid is a first member of a gene family 
and the Second form of the nucleic acid comprises a Second 
member of the gene family. Additional forms of the module 
nucleic acid can also be members of the gene family. AS an 
example, the first member of the gene family can be 
obtained from a first Species of organism and the Second 
member of the gene family obtained from a Second Species 
of organism. If desired, the optimized recombinant genetic 
vaccine component obtained by the methods of the invention 
can be backcrossed by, for example, reassembling (&/or 
Subjecting to one or more directed evolution methods 
described herein) the optimized recombinant genetic vac 
cine component with a molar exceSS of one or both of the 
first and Second forms of the Substrate nucleic acids to 
produce a further library of recombinant genetic Vaccine 
components, and Screening the further library to identify at 
least one optimized recombinant genetic vaccine component 
that further enhances the capability of a genetic vaccine 
vector that includes the component to modulate the immune 
response. 

0238 Methods of Obtaining a Genetic Vaccine Compo 
nent that ConferS upon a Genetic Vaccine Vector an 
Enhanced Ability to Replicate in a Host Cell 

0239). Additional embodiments of the invention provide 
methods of obtaining a genetic vaccine component that 
conferS upon a genetic vaccine vector an enhanced ability to 
replicate in a host cell. These methods involve creating a 
library of recombinant nucleic acids by Subjecting to reas 
sembly (&/or one or more additional directed evolution 
methods described herein) at least two forms of a polynucle 
otide that can confer episomal replication upon a vector that 
contains the polynucleotide; introducing into a population of 
host cells a library of Vectors, each of which contains a 
member of the library of recombinant nucleic acids and a 
polynucleotide that encodes a cell Surface antigen; propa 
gating the population of host cells for multiple generations, 
and identifying cells which display the cell Surface antigen 
on a Surface of the cell, wherein cells which display the cell 
Surface antigen are likely to harbor a vector that contains a 
recombinant vector module which enhances the ability of 
the vector to replicate episomally. 

0240. Obtaining Genetic Vaccine Components that Con 
fer Upon a Vector an Enhanced Ability to Replicate in a Host 
Cell 

0241 Genetic vaccine components that confer upon a 
vector an enhanced ability to replicate in a host cell can also 
be obtained by creating a library of recombinant nucleic 
acids by Subjecting to reassembly (&/or one or more addi 
tonal directed evolution methods described herein) at least 
two forms of a polynucleotide derived from a human pap 
illomavirus that can confer episomal replication upon a 
vector that contains the polynucleotide; introducing a library 
of vectors, each of which contains a member of the library 
of recombinant nucleic acids, into a population of host cells, 
propagating the host cells for a plurality of generations, and 
identifying cells that contain the vector. 
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0242. In additional embodiments, the invention provides 
methods obtaining a genetic vaccine component that confers 
upon a vector an enhanced ability to replicate in a human 
host cell by creating a library of recombinant nucleic acids 
by Subjecting to reassembly (&/or one or more additional 
directed evolution methods described herein) at least two 
forms of a polynucleotide that can confer episomal replica 
tion upon a vector that contains the polynucleotide; intro 
ducing a library of genetic Vaccine vectors, each of which 
comprises a member of the library of recombinant nucleic 
acids, into a test System that mimics a human immune 
response; and determining whether the genetic vaccine 
vector replicates or induces an immune response in the test 
System. A Suitable test System can involve human skin cells 
present as a Xenotransplant on Skin of an immunocompro 
mised non-human host animal, for example, or a non-human 
mammal that comprises a functional human immune System. 
Replication in these Systems can be detected by determining 
whether the animal exhibits an immune response against the 
antigen. 
0243 The invention also provides methods of obtaining 
a genetic vaccine component that conferS upon a genetic 
vaccine an enhanced ability to enter an antigen-presenting 
cell. These methods involve creating a library of recombi 
nant nucleic acids by Subjecting to reassembly (&/or one or 
more additional directed evolution methods described 
herein) at least two forms of a polynucleotide that can confer 
episomal replication upon a vector that contains the poly 
nucleotide; introducing a library of genetic vaccine vectors, 
each of which comprises a member of the library of recom 
binant nucleic acids, into a population of antigen-presenting 
or antigen-processing cells, and determining the percentage 
of cells in the population which contain the nucleic acid 
vector. Antigen- presenting or antigen-processing cells of 
interest include, for example, B cells, monocytes/macroph 
ages, dendritic cells, Langerhans cells, keratinocytes, and 
muscle cells. 

0244. The present invention provides methods of obtain 
ing a polynucleotide that has a modulatory effect on an 
immune response that is induced by a genetic vaccine, either 
directly (i.e., as an immunomodulatory polynucleotide) or 
indirectly (i.e., upon translation of the polynucleotide to 
create an immunomodulatory polypeptide. The methods of 
the invention involve: creating a library of experimentally 
generated (in vitro &/or in vivo) polynucleotides; and 
Screening the library to identify at least one optimized 
experimentally generated (in vitro &/or in vivo) polynucle 
otide that exhibits, either by itself or through the encoded 
polypeptide, an enhanced ability to modulate an immune 
response than a form of the nucleic acid from which the 
library was created. Examples include, for example, CpG 
rich polynucleotide Sequences, polynucleotide Sequences 
that encode a costimulator (e.g., B7-1, B7-2, CD1, CD40, 
CD154 (ligand for CD40), CD150 (SLAM), or a cytokine. 
The Screening Step used in these methods can include, for 
example, introducing genetic vaccine vectors which com 
prise the library of recombinant nucleic acids into a cell, and 
identifying cells which exhibit an increased ability to modu 
late an immune response of interest or increased ability to 
express an immunomodulatory molecule. For example, a 
library of recombinant cytokine-encoding nucleic acids can 
be Screened by testing the ability of cytokines encoded by 
the nucleic acids to activate cells which contain a receptor 
for the cytokine. The receptor for the cytokine can be native 
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to the cell, or can be expressed from a heterologous nucleic 
acid that encodes the cytokine receptor. For example, the 
optimized coStimulators can be tested to identify those for 
which the cells or culture medium are capable of inducing a 
predominantly T2 immune response, or a predominantly 
T1 immune response. 
0245. In some embodiments, the polynucleotide that has 
a modulatory effect on an immune response is obtained by: 
(1) reassembling (&/or Subjecting to one or more directed 
evolution methods described herein) at least first and Second 
forms of a nucleic acid that is, or encodes a molecule that is, 
involved in modulating an immune response, wherein the 
first and second forms differ from each other in two or more 
nucleotides, to produce a library of experimentally gener 
ated (in vitro &/or in vivo) polynucleotides; and (2) Screen 
ing the library to identify at least one optimized experimen 
tally generated (in vitro &/or in vivo) polynucleotide that 
exhibits, either by itself or through the encoded polypeptide, 
an enhanced ability to modulate an immune response than a 
form of the nucleic acid from which the library was created. 
If additional optimization is desired, the method can further 
involve: (3) reassembling (&/or Subjecting to one or more 
directed evolution methods described herein) at least one 
optimized experimentally generated (in vitro &/or in vivo) 
polynucleotide with a further form of the nucleic acid, which 
is the same or different from the first and second forms, to 
produce a further library of experimentally generated (in 
vitro &/or in vivo) polynucleotides; (4) Screening, the fur 
ther library to identify at least one further optimized experi 
mentally generated (in vitro &/or in vivo) polynucleotide 
that exhibits an enhanced ability to modulate an immune 
response than a form of the nucleic acid from which the 
library was created.; and (5) repeating (3) and (4), as 
necessary, until the further optimized experimentally gen 
erated (in vitro &/or in vivo) polynucleotide exhibits an 
further enhanced ability to modulate an immune response 
than a form of the nucleic acid from which the library was 
created. 

0246. In some embodiments of the invention, the library 
of experimentally generated (in vitro &/or in vivo) poly 
nucleotides is Screened by: expressing the experimentally 
generated (in vitro &/or in vivo) polynucleotides So that the 
encoded peptides or polypeptides are produced as fusions 
with a protein displayed on the Surface of a replicable 
genetic package; contacting the replicable genetic packages 
with a plurality of cells that display the receptor; and 
identifying cells that exhibit a modulation of an immune 
response mediated by the receptor. 
0247 The invention also provides methods for obtaining 
a polynucleotide that encodes an accessory molecule that 
improves the transport or presentation of antigens by a cell. 
These methods involve creating a library of experimentally 
generated (in vitro &/or in vivo) polynucleotides by Sub 
jecting to reassembly (&/or one or more additional directed 
evolution methods described herein) nucleic acids that 
encode all or part of the accessory molecule; and Screening 
the library to identify an optimized experimentally generated 
(in vitro &/or in vivo) polynucleotide that encodes a recom 
binant accessory molecule that conferS upon a cell an 
increased or decreased ability to transport or present an 
antigen on a Surface of the cell compared to an accessory 
molecule encoded by the non-recombinant nucleic acids. In 
Some embodiments, the Screening Step involves: introducing 
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the library of experimentally generated (in vitro &/or in 
vivo) polynucleotides into a genetic vaccine vector that 
encodes an antigen to form a library of vectors, introducing 
the library of vectors into mammalian cells, and identifying 
mammalian cells that exhibit increased or decreased immu 
nogenicity to the antigen. 

0248. In some embodiments of the invention, the cytok 
ine that is optimized is interleukin-12 and the Screening is 
performed by growing mammalian cells which contain the 
genetic vaccine vector in a culture medium, and detecting 
whether T cell proliferation or T cell differentiation is 
induced by contact with the culture medium. In another 
embodiment, the cytokine is interferon-and the Screening 
is performed by expressing the recombinant vector module 
as a fusion protein which is displayed on the Surface of a 
bacteriophage to form a phage display library, and identi 
fying phage library members which are capable of inhibiting 
proliferation of a B cell line. Another embodiment utilizes 
B7-1 (CD80) or B7-2 (CD86) as the costimulator and the 
cell or culture medium is tested for ability to modulate an 
immune response. 
0249. The invention provides methods of using stochastic 
(e.g. polynucleotide Shuffling & interrupted Synthesis) and 
non-Stochastic polynucleotide reassembly to obtain opti 
mized recombinant vector modules that encode cytokines 
and other coStimulators that exhibit reduced immunogenic 
ity compared to a corresponding polypeptide encoded by a 
non-optimized vector module. The reduced immunogenicity 
can be detected by introducing a cytokine or coStimulator 
encoded by the recombinant vector module into a mammal 
and determining whether an immune response is induced 
against the cytokine. 

0250) The invention also provides methods of obtaining 
optimized immunomodulatory Sequences that encode a 
cytokine antagonist. For example, Suitable cytokine agonists 
include a Soluble cytokine receptor and a transmembrane 
cytokine receptor having, a defective Signal Sequence. 
Examples include SIL-10R and SIL-4R, and the like. 
0251 The present invention provides methods for obtain 
ing a cell-specific binding molecule that is useful for 
increasing uptake or Specificity of a genetic Vaccine to a 
target cell. The methods involve: creating a library of 
experimentally generated (in vitro &/or in vivo) polynucle 
otides that by reassembling (&/or Subjecting to one or more 
directed evolution methods described herein) a nucleic acid 
that encodes a polypeptide that comprises a nucleic acid 
binding domain and a nucleic acid that encodes a polypep 
tide that comprises a cell-specific binding domain; and 
Screening the library to identify a experimentally generated 
(in vitro &/or in vivo) polynucleotide that encodes a binding 
molecule that can bind to a nucleic acid and to a cell-specific 
receptor. Target cells of particular interest include antigen 
presenting and antigen-processing cells, Such as muscle 
cells, monocytes, dendritic cells, B cells, Langerhans cells, 
keratinocytes, and M-cells. 

0252) In some embodiments, the methods of the inven 
tion for obtaining a cell-specific binding moiety useful for 
increasing uptake or Specificity of a genetic Vaccine to a 
target cell involve: 

0253 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
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first and Second forms of a nucleic acid which com 
prises a polynucleotide that encodes a nucleic acid 
binding domain and at least first and Second forms of a 
nucleic acid which comprises a cell-specific ligand that 
Specifically binds to a protein on the Surface of a cell of 
interest, wherein the first and second forms differ from 
each other in two or more nucleotides, to produce a 
library of recombinant binding moiety- encoding 
nucleic acids, 

0254 (2) transfecting into a population of host cells a 
library of vectors, each of which comprises: a) a 
binding site Specific for the nucleic acid binding 
domain and b) a member of the library of recombinant 
binding moiety-encoding nucleic acids, wherein the 
recombinant binding moiety is expressed and binds to 
the binding Site to form a vector-binding moiety com 
plex; 

0255 (3) lysing the host cells under conditions that do 
not disrupt binding of the vector-binding moiety com 
plex; 

O256 4) contacting the Vector-binding moietv com 9. 9. y 
plex with a target cell of interest; and 

0257 (5) identifying target cells that contain a vector 
and isolating the optimized recombinant cell-Specific 
binding moiety nucleic acids from these target cells. 

0258 If further optimization is desired, the methods can 
further involve: 

0259 (6) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
one optimized recombinant binding moiety-encoding 
nucleic acid with a further form of the polynucleotide 
that encodes a nucleic acid binding domain and/or a 
further form of the polynucleotide that encodes a 
cell-specific ligand, which are the same or different 
from the first and Second forms, to produce a further 
library of recombinant binding moiety-encoding 
nucleic acids, 

0260 (7) transfecting into a population of host cells a 
library of vectors that comprise: a) a binding site 
Specific for the nucleic acid binding domain and 2) the 
recombinant binding moiety-encoding nucleic acids, 
wherein the recombinant binding moiety is expressed 
and binds to the binding Site to form a vector-binding 
moiety complex; 

0261 (8) lysing the host cells under conditions that do 
not disrupt binding of the vector-binding moiety com 
plex; 

0262 (9) contacting the vector-binding moiety com 
plex with a target cell of interest and identifying target 
cells that contain the vector; and 

0263 (10) isolating the optimized recombinant bind 
ing moiety nucleic acids from the target cells which 
contain the vector; and 

0264 (11) repeating (6) through (10), as necessary, to 
obtain a further optimized cell-specific binding moiety 
useful for increasing uptake or Specificity of a genetic 
vaccine vector to a target cell. 
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0265. The invention also provides cell-specific recombi 
nant binding moieties produced by expressing in a host cell 
an optimized recombinant binding moiety-encoding nucleic 
acid obtained by the methods of the invention. 
0266. In another embodiment, the invention provides 
genetic vaccines that include: a) an optimized recombinant 
binding moiety that comprises a nucleic acid binding 
domain and a cell-specific ligand, and b) a polynucleotide 
Sequence that comprises a binding site, wherein the nucleic 
acid binding domain is capable of Specifically binding to the 
binding Site. 
0267 A further embodiment of the invention provides 
methods for obtaining an optimized cell-specific binding 
moiety useful for increasing uptake, efficacy, or Specificity 
of a genetic Vaccine for a target cell by: 

0268 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
first and Second forms of a nucleic acid that comprises 
a polynucleotide which encodes a non-toxic receptor 
binding moiety-of an enterotoxin or other toxin, 
wherein the first and second forms differ from each 
other in two or more nucleotides, to produce a library 
of recombinant nucleic acids, 

0269 (2) transfecting vectors that contain the library of 
nucleic acids into a population of host cells, wherein 
the nucleic acids are expressed to form recombinant 
cell-specific binding moiety polypeptides; 

0270 (3) contacting the recombinant cell-specific 
binding moiety polypeptides with a cell Surface recep 
tor of a target cell; and 

0271 (4) determining which recombinant cell-specific 
binding moiety polypeptides exhibit enhanced ability 
to bind to the target cell. Methods of enhancing uptake 
of a genetic Vaccine vector by a target cell by coating 
the genetic vaccine vector with an optimized recombi 
nant cell-specific binding moiety produced by these 
methods are also provided by the invention. 

0272. The present invention also provides methods for 
evolving a vaccine delivery vehicle, genetic vaccine vector, 
or a vector component to obtain an optimized delivery 
vehicle or component that has, or conferS upon a vector, 
enhanced ability to enter a Selected mammalian tissue upon 
administration to a mammal. These methods involve: 

0273 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) members 
of a pool of polynucleotides to produce a library of 
experimentally generated (in vitro &/or in vivo) poly 
nucleotides; 

0274 (2) administering to a test animal a library of 
replicable genetic packages, each of which comprises a 
member of the library of experimentally generated (in 
vitro &/or in vivo) polynucleotides operably linked to 
a polynucleotide that encodes a display polypeptide, 
wherein the experimentally generated (in vitro &/or in 
vivo) polynucleotide and the display polypeptide are 
expressed as a fusion protein which is which is dis 
played on the Surface of the replicable genetic package; 
and 

0275 (3) recovering replicable genetic packages that 
are present in the Selected tissue of the test animal at a 



US 2003/0207287 A1 

Suitable time after administration, wherein recovered 
replicable genetic packages have enhanced ability to 
enter the Selected mammalian tissue upon administra 
tion to the mammal. 

0276. If further optimization of the delivery vehicle is 
desired, the methods of the invention further involve: 

0277 (4) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) a nucleic 
acid that comprises at least one experimentally gener 
ated (in vitro &/or in vivo) polynucleotide obtained 
from a replicable genetic package recovered from the 
Selected tissue with a further pool of polynucleotides to 
produce a further library of experimentally generated 
(in vitro &/or in vivo) polynucleotides; 

0278 (5) administering to a test animal a library of 
replicable genetic packages, each of which comprises a 
member of the further library of experimentally gen 
erated (in vitro &/or in vivo) polynucleotides operably 
linked to a polynucleotide that encodes a display 
polypeptide, wherein the experimentally generated (in 
vitro &/or in vivo) polynucleotide and the display 
polypeptide are expressed as a fusion protein which is 
which is displayed on the surface of the replicable 
genetic package; 

0279 (6) recovering replicable genetic packages that 
are present in the Selected tissue of the test animal at a 
Suitable time after administration; and 

0280 (7) repeating (4) through (6), as necessary, to 
obtain a further optimized recombinant delivery 
vehicle that exhibits further enhanced ability to enter a 
Selected mammalian tissue upon administration to a 
mammal. Methods of administration that are of par 
ticular interest include, for example, oral, topical, and 
inhalation. Where the administration is intravenous, 
mammalian tissues of interest include, for example, 
lymph node and Spleen. 

0281. In another embodiment, the invention provides 
methods for evolving a vaccine delivery vehicle, genetic 
vaccine vector, or a vector component to obtain an optimized 
delivery vehicle or component to obtain an optimized deliv 
ery vehicle or vector component that has, or confers upon a 
vector containing the component, enhanced Specificity for 
antigen-presenting cells by: 

0282 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) members 
of a pool of polynucleotides to produce a library of 
experimentally generated (in vitro &/or in vivo) poly 
nucleotides; 

0283 (2) producing a library of replicable genetic 
packages, each of which comprises a member of the 
library of experimentally generated (in vitro &/or in 
vivo) polynucleotides operably linked to a polynucle 
otide that encodes a display polypeptide, wherein the 
experimentally generated (in vitro &/or in vivo) poly 
nucleotide and the display polypeptide are expressed as 
a fusion protein which is which is displayed on the 
Surface of the replicable genetic package; 

0284 (3) contacting the library of recombinant repli 
cable genetic packages with a non-APC to remove 
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replicable genetic packages that display non-APC-spe 
cific fusion polypeptides, and 

0285 (4) contacting the recombinant replicable 
genetic packages that did not bind to the non-APC with 
an APC and recovering those that bind to the APC, 
wherein the recovered replicable genetic packages are 
capable of specifically binding to APCs. 

0286. In an additional embodiment, the invention pro 
vides methods for evolving a vaccine delivery vehicle, 
genetic vaccine vector, or a vector component to obtain an 
optimized delivery vehicle or component to obtain an opti 
mized delivery vehicle or vector component that has, or 
conferS upon a vector containing the component, an 
enhanced ability to enter a target cell by: 

0287 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
first and Second forms of a nucleic acid which encodes 
an invasin polypeptide, wherein the first and Second 
forms differ from each other in two or more nucle 
otides, to produce a library of recombinant invasin 
nucleic acids, 

0288 (2) producing a library of recombinant bacte 
riophage, each of which displays on the bacteriophage 
Surface a fusion polypeptide encoded by a chimeric 
gene that comprises a recombinant invasin nucleic acid 
operably linked to a polynucleotide that encodes a 
display polypeptide; 

0289 (3) contacting the library of recombinant bacte 
riophage with a population of target cells; (4) removing 
unbound phage and phage which is bound to the 
Surface of the target cells, and 

0290 (5) recovering phage which are present within 
the target cells, wherein the recovered phage are 
enriched for phage that have enhanced ability to enter 
the target cells. 

0291. In some embodiments, the optimized recombinant 
genetic vaccine vectors, delivery vehicles, or vector com 
ponents obtained using these methods exhibit improved 
ability to enter an antigen presenting cell. These methods 
can involve Washing the cells after the transfection Step to 
remove vectors which did not enter an antigen presenting 
cell., culturing the cells for a predetermined time after 
transfection; lysing the antigen presenting cells, and isolat 
ing the optimized recombinant genetic vaccine vector from 
the cell lysate. 
0292 Antigen Presenting Cells that Contain an Opti 
mized Recombinant Genetic Vaccine Vectors can be Iden 
tified by, For Example, Detecting Expression of a Marker 
Gene that is Included in the Vectors 

0293. The invention also provides methods of evolving a 
bacteriophage-derived vaccine delivery vehicle to obtain a 
delivery vehicle having enhanced ability to enter a target 
cell. These methods involve the steps of. 

0294 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
first and Second forms of a nucleic acid which encodes 
an invasin polypeptide, wherein the first and Second 
forms differ from each other in two or more nucle 
otides, to produce a library of recombinant invasin 
nucleic acids, 
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0295 (2) producing a library of recombinant bacte 
riophage, each of which displays on the bacteriophage 
Surface a fusion polypeptide encoded by a chimeric 
gene that comprises a recombinant invasin nucleic acid 
operably linked to a polynucleotide that encodes a 
display polypeptide; 

0296 (3) contacting the library of recombinant bacte 
riophage with a population of target cells, 

0297 (4) removing unbound phage and phage which is 
bound to the Surface of the target cells, and 

0298 (5) recovering phage which are present within 
the target cells, wherein the recovered phage are 
enriched for phage that have enhanced ability to enter 
the target cells. Again, if further optimization is desired, 
the methods can include the further Steps of. 

0299 (6) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) a nucleic 
acid which comprises at least one recombinant invasin 
nucleic acid obtained from a bacteriophage which is 
recovered from a target cell with a further pool of 
polynucleotides to produce a further library of recom 
binant invasin polynucleotides, 

0300 (7) producing a further library of recombinant 
bacteriophage, each of which displays on the bacte 
riophage Surface a fusion polypeptide encoded by a 
chimeric gene that comprises a recombinant invasin 
nucleic acid operably linked to a polynucleotide that 
encodes a display polypeptide, 

0301 (8) contacting the library of recombinant bacte 
riophage with a population of target cells, 

0302 (9) removing unbound phage and phage which is 
bound to the Surface of the target cells, and 

0303 (10) recovering phage which are present within 
the target cells, and 

0304 (11) repeating (6) through (10), as necessary, to 
obtain a further optimized recombinant delivery 
vehicle which exhibits further have enhanced ability to 
enter the target cells. 

0305. In some embodiments the methods of evolving a 
bacteriophage-derived vaccine delivery vehicle to obtain a 
delivery vehicle having enhanced ability to enter a target cell 
can include the additional Steps of. 

0306 (12) inserting into the optimized recombinant 
delivery vehicle a polynucleotide which encodes an 
antigen of interest, wherein the antigen of interest is 
expressed as a fusion polypeptide which comprises a 
Second display polypeptide; 

0307 (13) administering the delivery vehicle to a test 
animal; and (14) determining whether the delivery 
vehicle is capable of inducing a CTL response in the 
test animal. 

0308 Alternatively, the following steps can be employed: 
0309 (12) inserting into the optimized recombinant 
delivery vehicle a polynucleotide which encodes an 
antigen of interest, wherein the antigen of interest is 
expressed as a fusion polypeptide which comprises a 
Second display polypeptide; 
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0310 (13) administering the delivery vehicle to a test 
animal; and 

0311 (14) determining whether the delivery vehicle is 
capable of inducing neutralizing antibodies against a 
pathogen which comprises the antigen of interest. An 
example of a target cell of interest for these methods is 
an antigen-presenting cell. 

0312 The present invention provides recombinant mul 
tivalent antigenic polypeptides that include a first antigenic 
determinant from a first disease-associated polypeptide and 
at least a Second antigenic determinant from a Second 
disease-associated polypeptide. The disease-associated 
polypeptides can be selected from the group consisting of 
cancer antigens, antigens associated with autoimmunity 
disorders, antigens associated with inflammatory conditions, 
antigens associated with allergic reactions, antigens associ 
ated with infectious agents, and other antigens that are 
asSociated with a disease condition. 

0313. In another embodiment, the invention provides a 
recombinant antigen library that contains recombinant 
nucleic acids that encode antigenic polypeptides. The librar 
ies are typically obtained by reassembling (&/or Subjecting 
to one or more directed evolution methods described 
herein), at least first and Second forms of a nucleic acid 
which includes a polynucleotide Sequence that encodes a 
disease-associated antigenic polypeptide, wherein the first 
and second forms differ from each other in two or more 
nucleotides, to produce a library of recombinant nucleic 
acids. 

0314. Another embodiment of the invention provides 
methods of obtaining a polynucleotide that encodes a recom 
binant antigen having improved ability to induce an immune 
response to a disease condition. These methods involve: 

0315 (1) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
first and Second forms of a nucleic acid which com 
prises a polynucleotide Sequence that encodes an anti 
genic polypeptide that is associated with the disease 
condition, wherein the first and second forms differ 
from each other in two or more nucleotides, to produce 
a library of recombinant nucleic acids, and 

0316 (2) screening the library to identify at least one 
optimized recombinant nucleic acid that encodes an 
optimized recombinant antigenic polypeptide that has 
improved ability to induce an immune response to the 
disease condition. 

0317. These methods optionally further involve: 
0318 (3) reassembling (&/or subjecting to one or more 
directed evolution methods described herein) at least 
one optimized recombinant nucleic acid with a further 
form of the nucleic acid, which is the same or different 
from the first and Second forms, to produce a further 
library of recombinant nucleic acids, 

0319 (4) screening the further library to identify at 
least one further optimized recombinant nucleic acid 
that encodes a polypeptide that has improved ability to 
induce an immune response to the disease condition; 
and 

0320 (5) repeating (3) and (4), as necessary, until the 
further optimized recombinant nucleic acid encodes a 
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polypeptide that has improved ability to induce an 
immune response to the disease condition. 

0321) In some embodiments, the optimized recombinant 
nucleic acid encodes a multivalent antigenic polypeptide and 
the Screening is accomplished by expressing the library of 
recombinant nucleic acids in a phage display expression 
vector Such that the recombinant antigen is expressed as a 
fusion protein with a phage polypeptide that is displayed on 
a phage particle Surface, contacting the phage with a first 
antibody that is Specific for a first Serotype of the pathogenic 
agent and Selecting those phage that bind to the first anti 
body; and contacting those phage that bind to the first 
antibody with a Second antibody that is specific for a Second 
Serotype of the pathogenic agent and Selecting those phage 
that bind to the Second antibody; wherein those phage that 
bind to the first antibody and the second antibody express a 
multivalent antigenic polypeptide. 

0322 The Invention also Provides Methods of Obtaining 
a Recombinant Viral Vector Which has an Enhanced Ability 
to Induce an Antiviral Response in a Cell 

0323 Methods of Obtaining a Recombinant Genetic Vac 
cine Component that ConferS Upon a Genetic Vaccine an 
Enhanced Ability to Induce a Desired Immune Response in 
a Mammal 

0324. In additional embodiments, the invention provides 
methods of obtaining a recombinant genetic Vaccine com 
ponent that confers upon a genetic vaccine an enhanced 
ability to induce a desired immune response in a mammal. 
These methods involve: (1) reassembling (&/or Subjecting to 
one or more directed evolution methods described herein) at 
least first and Second forms of a nucleic acid which comprise 
a genetic vaccine vector, wherein the first and Second forms 
differ from each other in two or more nucleotides, to produce 
a library of recombinant genetic vaccine vectors; (2) trans 
fecting the library of recombinant vaccine vectors into a 
population of mammalian cells Selected from the group 
consisting of peripheral blood T cells, T cell clones, freshly 
isolated monocytes/macrophages and dendritic cells; (3) 
Staining the cells for the presence of one or more cytokines 
and identifying cells which exhibit a cytokine Staining 
pattern indicative of the desired immune response; and (4) 
obtaining recombinant vaccine vector nucleic acid 
Sequences from the cells which exhibit the desired cytokine 
Staining pattern. 

0325 Methods of Improving the Ability of a Genetic 
Vaccine Vector to Modulate an Immune Response 

0326. Also provided by the invention are methods of 
improving the ability of a genetic vaccine vector to modulate 
an immune response by: (1) reassembling (&/or Subjecting 
to one or more directed evolution methods described herein) 
at least first and Second forms of a nucleic acid which 
comprise a genetic Vaccine vector, wherein the first and 
Second forms differ from each other in two or more nucle 
otides, to produce a library of recombinant genetic vaccine 
vectors; (2) transfecting the library of recombinant genetic 
vaccine vectors into a population of antigen presenting cells, 
and (3) isolating from the cells optimized recombinant 
genetic vaccine vectors which exhibit enhanced ability to 
modulate a desired immune response. 
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0327 Methods of Obtaining a Recombinant Genetic Vac 
cine Vector that has an Enhanced Ability to Induce a Desired 
Immune Response in a Mammal Upon Administration to the 
Skin of the Mammal 

0328. Another embodiment of the invention provides 
methods of obtaining a recombinant genetic Vaccine vector 
that has an enhanced ability to induce a desired immune 
response in a mammal upon administration to the skin of the 
mammal. These methods involve: (1) reassembling (&/or 
Subjecting to one or more directed evolution methods 
described herein) at least first and Second forms of a nucleic 
acid which comprise a genetic vaccine vector, wherein the 
first and second forms differ from each other in two or more 
nucleotides, to produce a library of recombinant genetic 
vaccine vectors; (2) topically applying the library of recom 
binant genetic vaccine vectors to skin of a mammal; (3) 
identifying vectors that induce an immune response; and (4) 
recovering genetic vaccine vectors from the skin cells which 
contain vectors that induce an immune response. 
0329 Methods of Inducing an Immune Response in a 
Mammal by Topically Applying to Skin of the Mammal a 
Genetic Vaccine Vector, Wherein the Genetic Vaccine Vector 
is Optimized for Topical Application Through Use of Sto 
chastic (e.g. Polynucleotide Shuffling & Interrupted Synthe 
sis) and Non-Stochastic Polynucleotide Reassembly 
0330. The invention also provides methods of inducing 
an immune response in a mammal by topically applying to 
skin of the mammal a genetic vaccine vector, wherein the 
genetic Vaccine Vector is optimized for topical application 
through use of Stochastic (e.g. polynucletide shuffling & 
interrupted Synthesis) and non-stochastic polynucleotide 
reassembly. In Some embodiments, the genetic vaccine is 
administered as a formulation Selected from the group 
consisting of a transdermal patch, a cream, naked DNA, a 
mixture of DNA and a transfection-enhancing agent. Suit 
able transfection-enhancing agents include one or more 
agents Selected from the group consisting of a lipid, a 
liposome, a protease, and a lipase. 

0331 Alternatively, or in addition, the genetic vaccine 
can be administered after pretreatment of the Skin by abra 
Sion or hair removal. 

0332 Methods of Obtaining an Optimized Genetic Vac 
cine Component that ConferS Upon a Genetic Vaccine 
Containing the Component an Enhanced Ability to Induce or 
Inhibit Apoptosis of a Cell into Which the Vaccine is 
Introduced 

0333. In another embodiment, the invention provides 
methods of obtaining an optimized genetic vaccine compo 
nent that conferS upon a genetic vaccine containing the 
component an enhanced ability to induce or inhibit apoptosis 
of a cell into which the vaccine is introduced. These methods 
involve: (1) reassembling (&/or Subjecting to one or more 
directed evolution methods described herein) at least first 
and Second forms of a nucleic acid which comprise a nucleic 
acid that encodes an apoptosis-modulating polypeptide, 
wherein the first and second forms differ from each other in 
two or more nucleotides, to produce a library of recombinant 
nucleic acids; (2) transfecting the library of recombinant 
nucleic acids into a population of mammalian cells; (3) 
Staining the cells for the presence of a cell membrane change 
which is indicative of apoptosis initiation; and (4) obtaining 
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recombinant apoptosis-modulating genetic vaccine compo 
nents from the cells which exhibit the desired apoptotic 
membrane changes. 
0334 Methods of Obtaining a Genetic Vaccine Compo 
nent that Confers Upon a Genetic Vaccine Reduced Suscep 
tibility to a CTL Immune Response in a Host Mammal 
0335) Other embodiments of the invention provide meth 
ods of obtaining a genetic vaccine component that confers 
upon a genetic vaccine reduced Susceptibility to a CTL 
immune response in a host mammal. These methods can 
involve: (1) reassembling (&/or Subjecting to one or more 
directed evolution methods described herein) at least first 
and Second forms of a nucleic acid which comprises a gene 
that encodes an inhibitor of a CTL immune response, 
wherein the first and second forms differ from each other in 
two or more nucleotides, to produce a library of recombinant 
CTL inhibitor nucleic acids; (2) introducing genetic vaccine 
vectors which comprise the library of recombinant CTL 
inhibitor nucleic acids into a plurality of human cells; (3) 
selecting cells which exhibit reduced MHC class I molecule 
expression; and (4) obtaining optimized recombinant CTL 
inhibitor nucleic acids from the selected cells. 

0336 Methods of Obtaining a Genetic Vaccine Compo 
nent that Confers Upon a Genetic Vaccine Reduced Suscep 
tibility to a CTL Immune Response in a Host Mammal 
0337 The invention also provides methods of obtaining 
a genetic vaccine component that conferS upon a genetic 
vaccine reduced Susceptibility to a CTL immune response in 
a host mammal. These methods involve: (1) reassembling 
(&/or Subjecting to one or more directed evolution methods 
described herein) at least first and Second forms of a nucleic 
acid which comprises a gene that encodes an inhibitor of a 
CTL immune response, wherein the first and Second forms 
differ from each other in two or more nucleotides, to produce 
a library of recombinant CTL inhibitor nucleic acids; (2) 
introducing viral vectors which comprise the library of 
recombinant CTL inhibitor nucleic acids into mammalian 
cells; (3) identifying mammalian cells which express a 
marker gene included in the Viral vectors a predetermined 
time after introduction, wherein the identified cells are 
resistant to a CTL response; and (4) recovering as the 
genetic vaccine component the recombinant CTL inhibitor 
nucleic acids from the identified cells. 

0338. It is a general object of the invention to provide 
proteins and polypeptides that are derived from PfEMP 1 
proteins, nucleic acids encoding these proteins and antibod 
ies that are specifically immunoreactive with these proteins. 
It is a further object to provide methods of using these 
various compositions in diagnosis, treatment or prevention 
of the onset of Symptoms of a malaria parasite infection. It 
is a further object to provide methods of Screening com 
pounds to identify further compositions which may be used 
in these methods. 

0339. In one embodiment, the present invention provides 
Substantially pure polypeptides which have amino acid 
Sequences Substantially homologous to the amino acid 
sequence of a PfEMP1 protein, or biologically active frag 
ments thereof. 

0340. In preferred aspects, the polypeptides of the present 
invention are Substantially homologous to the amino acid 
Sequence shown, described &/or referenced herein (includ 
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ing incorporated by reference), biologically active fragments 
or analogues thereof. Also provided are pharmaceutical 
compositions comprising these polypeptides. 
0341 In another embodiment, the present invention pro 
vides nucleic acids which encode the above-described 
polypeptides. Particularly preferred nucleic acids will be 
Substantially homologous to a part or whole of the nucleic 
acid Sequence shown, described &/or referenced herein 
(including incorporated by reference) or the nucleic acid 
encoding for the Sequences shown, described &/or refer 
enced herein (including incorporated by reference). The 
present invention also provides expression vectors compris 
ing these nucleic acid Sequences and cells capable of 
expressing Same. 
0342. In an additional embodiment, the present invention 
provides antibodies which recognize and bind PfEMP1 
polypeptides or biologically active fragments thereof. More 
preferred are those peptides which recognize and bind 
PfEMP1 proteins associated with infection by more than one 
variant of P falciparum. 
0343. In a further embodiment, the present invention 
provides methods of inhibiting the formation of PfEMP1/ 
ligand complex, comprising contacting PfEMP1 or its 
ligands with polypeptides of the present invention. 
0344) In a related embodiment, the present invention 
provides methods of inhibiting Sequestration of erythrocytes 
in a patient Suffering from a malaria infection, comprising 
administering to Said patient, an effective amount of a 
polypeptide of the present invention. Such administration 
may be carried out prior to or following infection. 
0345. In still another embodiment, the present invention 
provides a method of detecting the presence or absence of 
PfEMP1 in a sample. The method comprises exposing the 
Sample to an antibody of the invention, and detecting 
binding, if any, between the antibody and a component of the 
Sample. 

0346. In an additional embodiment, the present invention 
provides a method of determining whether a test compound 
is an antagonist of PfEMP1/ligand complex formation. The 
method comprises incubating the test compound with 
PfEMP1 or a biologically active fragment thereof, and its 
ligand, under conditions which permit the formation of the 
complex. The amount of complex formed in the presence of 
the test compound is determined and compared with the 
amount of complex formed in the absence of the test 
compound. A decrease in the amount of complex formed in 
the presence of the test compound is indicative that the 
compound is an antagonist of PfEMP1/ligand complex 
formation. 

0347 Summary of Directed Evolution Approaches 
0348. This invention also 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. 
0349 Mutagenized molecules provided by this invention 
may have chimeric molecules and molecules with point 
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mutations, including biological molecules that contain a 
carbohydrate, a lipid, a nucleic acid, &/or a protein compo 
nent, and Specific but non-limiting examples of these include 
antibiotics, antibodies, enzymes, and Steroidal and non 
Steroidal hormones. 

0350 This invention relates generally to a method of: 1) 
preparing a progeny generation of molecule(s) (including a 
molecule that is comprised of a polynucleotide Sequence, a 
molecule 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(s)-preferably using a high throughput 
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). 
0351. 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 
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 
0352. 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). 
0353. 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. 
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0354) 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. 

0355. 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. 

0356. 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. 

0357. 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. 

14 BRIEF DESCRIPTION OF THE DRAWINGS 

0358 FIG. 1. Exonuclease Activity. FIG. 1 shows the 
activity of the enzyme exonuclease III. This is an exemplary 
enzyme that can be used to Shuffle, assemble, reassemble, 
recombine, and/or concatenate polynucleotide building 
blocks. The asterisk indicates that the enzyme acts from the 
3' direction towards the 5' direction of the polynucleotide 
Substrate. 

0359 FIG. 2. Generation of A Nucleic Acid Building 
Block by Polymerase-Based Amplification. FIG. 2 illus 
trates a method of generating a double-Stranded nucleic acid 
building block with two overhangs using a polymerase 
based amplification reaction (e.g., PCR). As illustrated, 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 
identical to Product A. A Second polymerase-based ampli 
fication reaction using a second set of primers, F and R, is 
used to generate a blunt-ended product (labeled Reaction 2, 
Product 2), which is essentially identical to Product B. These 
two products are then mixed and allowed to melt and anneal, 
generating a potentially useful double-Stranded nucleic acid 
building block with two overhangs. In the example of FIG. 
1, the product with the 3' overhangs (Product C) is selected 
for by nuclease-based degradation of the other 3 products 
using a 3' acting exonuclease, Such as exonuclease III. 
Alternate primers are shown in parenthesis to illustrate 
Serviceable primerS may overlap, and additionally that Ser 
Viceable primerS may be of different lengths, as shown. 
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0360 FIG. 3. Unique Overhangs And Unique Couplings. 
FIG. 3 illustrates the point that the number of unique 
overhangs of each size (e.g. the total number of unique 
overhangs composed of 1 or 2 or 3, etc. nucleotides) exceeds 
the number of unique couplings that can result from the use 
of all the unique overhangs of that size. For example, there 
are 4 unique 3' overhangs composed of a single nucleotide, 
and 4 unique 5' overhangs composed of a Single nucleotide. 
Yet the total number of unique couplings that can be made 
using all the 8 unique single-nucleotide 3' overhangs and 
Single-nucleotide 5' overhangs is 4. 

0361 FIG. 4. Unique Overall Assembly Order Achieved 
by Sequentially Coupling the Building Blocks 

0362 FIG. 4 illustrates the fact that in order to assemble 
a total of “n” nucleic acid building blocks, "n-1” couplings 
are needed. Yet it is sometimes the case that the number of 
unique couplings available for use is fewer that the "n-1” 
value. Under these, and other, circumstances a Stringent 
non-Stochastic overall assembly order can Still be achieved 
by performing the assembly proceSS in Sequential Steps. In 
this example, 2 Sequential Steps are used to achieve a 
designed overall assembly order for five nucleic acid build 
ing blockS. In this illustration the designed overall assembly 
order for the five nucleic acid building blocks is: 5'-(#1-#2- 
#3-#4-#5)-3', where #1 represents building block number 1, 
etc. 

0363 FIG. 5. Unique Couplings Available Using a Two 
Nucleotide 3' Overhang. FIG. 5 further illustrates the point 
that the number of unique overhangs of each size (here, e.g. 
the total number of unique overhangs composed of 2 nucle 
otides) exceeds the number of unique couplings that can 
result from the use of all the unique overhangs of that size. 
For example, there are 16 unique 3' overhangs composed of 
two nucleotides, and another 16 unique 5' overhangs com 
posed of two nucleotides, for a total of 32 as shown. Yet the 
total number of couplings that are unique and not Self 
binding that can be made using all the 32 unique double 
nucleotide 3' overhangs and double-nucleotide 5' overhangs 
is 12. Some apparently unique couplings have “identical 
twins' (marked in the same shading), which are visually 
obvious in this illustration. Still other overhangs contain 
nucleotide Sequences that can Self-bind in a palindromic 
fashion, as shown and labeled in this figure; thus they not 
contribute the high Stringency to the overall assembly order. 

0364 FIG. 6. Generation of an Exhaustive Set of Chi 
meric Combinations by Synthetic Ligation Reassembly. 
FIG. 6 showcases the power of this invention in its ability 
to generate exhaustively and Systematically all possible 
combinations of the nucleic acid building blockS designed in 
this example. Particularly large sets (or libraries) of progeny 
chimeric molecules can be generated. Because this method 
can be performed exhaustively and Systematically, the 
method application can be repeated by choosing new demar 
cation points and with correspondingly newly designed 
nucleic acid building blocks, bypassing the burden of re 
generating and re-screening previously examined and 
rejected molecular Species. It is appreciated that, codon 
Wobble can be used to advantage to increase the frequency 
of a demarcation point. In other words, a particular base can 
often be substituted into a nucleic acid building block 
without altering the amino acid encoded by progenitor 
codon (that is now altered codon) because of codon degen 

Nov. 6, 2003 

eracy. AS illustrated, demarcation points are chosen upon 
alignment of 8 progenitor templates. Nucleic acid building 
blocks including their overhangs (which are Serviceable for 
the formation of ordered couplings) are then designed and 
Synthesized. In this instance, 18 nucleic acid building blockS 
are generated based on the Sequence of each of the 8 
progenitor templates, for a total of 144 nucleic acid building 
blocks (or double-stranded oligos). Performing the ligation 
Synthesis procedure will then produce a library of progeny 
molecules comprised of yield of 8" (or over 1.8x10") 
chimeras. 

0365 FIG. 7. Synthetic genes from oligos. According to 
one embodiment of this invention, double-Stranded nucleic 
acid building blocks are designed by aligning a plurality of 
progenitor nucleic acid templates. Preferably these tem 
plates contain Some homology and Some heterology. The 
nucleic acids may encode related proteins, Such as related 
enzymes, which relationship may be based on function or 
structure or both. FIG. 7 shows the alignment of three 
polynucleotide progenitor templates and the Selection of 
demarcation points (boxed) shared by all the progenitor 
molecules. In this particular example, the nucleic acid 
building blocks derived from each of the progenitor tem 
plates were chosen to be approximately 30 to 50 nucleotides 
in length. 

0366 FIG. 8. Nucleic acid building blocks for synthetic 
ligation gene reassembly. FIG. 8 shows the nucleic acid 
building blocks from the example in FIG. 7. The nucleic 
acid building blocks are shown here in generic cartoon form, 
with their compatible overhangs, including both 5' and 3' 
overhangs. There are 22 total nucleic acid building blockS 
derived from each of the 3 progenitor templates. Thus, the 
ligation Synthesis procedure can produce a library of prog 
eny molecules comprised of yield of 3° (or over 3.1x10") 
chimeras. 

0367 FIG. 9. Addition of Introns by Synthetic Ligation 
Reassembly. FIG. 9 shows in generic cartoon form that an 
intron may be introduced into a chimeric progeny molecule 
by way of a nucleic acid building block. It is appreciated that 
introns often have consensus Sequences at both termini in 
order to render them operational. It is also appreciated that, 
in addition to enabling gene Splicing, introns may serve an 
additional purpose by providing Sites of homology to other 
nucleic acids to enable homologous recombination. For this 
purpose, and potentially others, it may be Sometimes desir 
able to generate a large nucleic acid building block for 
introducing an intron. If the Size is overly large easily 
genrating by direct chemical Synthesis of two Single 
Stranded oligos, Such a specialized nucleic acid building 
block may also be generated by direct chemical Synthesis of 
more than two Single Stranded oligos or by using a poly 
merase-based amplification reaction as shown, described 
&/or referenced herein (including incorporated by refer 
ence). 
0368 FIG. 10. Ligation Reassembly. Using Fewer Than 
All The Nucleotides Of An Overhang. FIG. 10 shows that 
coupling can occur in a manner that does not make use of 
every nucleotide in a participating overhang. The coupling is 
particularly lively to Survive (e.g. in a transformed host) if 
the coupling reinforced by treatment with a ligase enzyme to 
form what may be referred to as a "gap ligation” or a 
"gapped ligation”. It is appreciated that, as shown, this type 
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of coupling can contribute to generation of unwanted back 
ground product(s), but it can also be used advantageously 
increase the diversity of the progeny library generated by the 
designed ligation reassembly. 

0369 FIG. 11. Avoidance of unwanted self-ligation in 
palindromic couplings. AS mentioned before and shown, 
described &/or referenced herein (including incorporated by 
reference), certain overhangs are able to undergo Self 
coupling to form a palindromic coupling. A coupling is 
Strengthened Substantially if it is reinforced by treatment 
with a ligase enzyme. Accordingly, it is appreciated that the 
lack of 5" phosphates on these overhangs, as shown, can be 
used advantageously to prevent this type of palindromic 
Self-ligation. Accordingly, this invention provides that 
nucleic acid building blocks can be chemically made (or 
ordered) that lack a 5" phosphate group (or alternatively they 
can be remove—e.g. by treatment with a phosphatase 
enzyme Such as a calf intestinal alkaline phosphatase 
(CIAP) in order to prevent palindromic self-ligations in 
ligation reassembly processes. 

0370 FIG. 12. Site-directed mutagenesis by polymerase 
based extension. Panel A. This figure shows one method of 
Site-directed mutagenesis, among many methods of Site 
directed mutagenesis, that are Serviceable for performing 
Site-Saturation mutagenesis. Section (1) shows the first and 
Second mutagenic primer annealed to a circular closed 
double-stranded plasmid. The dot and the open-sided tri 
angle indicate the mutagenic Sites in the mutagenic primerS. 
The arrows indicate the direction of synthesis. Section (2) 
shows the newly synthesized (mutagenized) DNA strands 
annealed to each other. The parental DNA can be treated 
with a Selection enzyme. The mutagenized DNA Strands are 
shown as being annealed to form a double-Stranded 
mutagenized circular DNA intermediate. The dot and the 
open-sided triangle indicate the mutagenic Sites in the 
experimentally generated progeny (mutagenized) DNA 
Strands. Note that the Staggered openings on the 
mutagenized DNA strands form “sticky” ends. Section (3) 
shows the first and Second mutagenic primer annealed to the 
mutagenized DNA strands of Section (2). The arrows indi 
cate the direction of Synthesis. Note the opening on each of 
the mutagenized DNA strands (i.e. they have not been 
ligated). Section (4) shows a “Gapped Product”, which is 
composed of Second generation mutagenized DNA Strands, 
Synthesized using the mutagenized DNA strands (shown in 
Step (2)) as a template. The DNA strands of the “Gapped 
Product” are shown as being annealed to form a double 
stranded mutagenized circular DNA intermediate. The dot 
and the open-sided triangle indicate the mutagenic Sites in 
the mutagenized DNA Strands. Note the large gap in each of 
the mutagenized DNA strands. Section (5) shows the 
“Gapped Product” annealed to the parental (non-mutated) 
plasmid, enabling polymerase-based Synthesis to occur. The 
arrows indicate the direction of synthesis. Section (6) shows 
the newly Synthesized DNA Strands, as being annealed to 
form a double-Stranded mutagenized circular DNA product. 
The dot and the open-sided triangle indicate the mutagenic 
Sites in the mutagenized DNA Strands. Note the Staggered 
openings on the mutagenized DNA Strands. Also note the 
presence of both mutagenic Sites on each of the mutagenized 
DNA strands. Panel B. This figure shows two possible 
molecular structures produced from the amplification Steps 
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of FIG. 12A. Molecule (A) is shown also in Section (2) of 
FIG. 12A. Molecule (B) is also shown in Section (6) of FIG. 
12A. 

0371 FIG. 13. Site-directed mutagenesis by polymerase 
based extension and ligase-based ligation. Panel A. This 
figure shows one method of Site-directed mutagenesis, 
among many methods of Site-directed mutagenesis, that are 
Serviceable for performing site-Saturation mutagenesis. Sec 
tion (1) shows the first and Second mutagenic primer 
annealed to a circular closed double-Stranded plasmid. The 
dot and the open-sided triangle indicate the mutagenic Sites 
in the mutagenic primers. The arrows indicate the direction 
of synthesis. Section (2) shows the newly synthesized 
(mutagenized) DNA strands annealed to each other. The 
parental DNA can be treated with a selection enzyme. The 
mutagenized DNA Strands are shown as being annealed to 
form a double-Stranded mutagenized circular DNA interme 
diate. The dot and the open-sided triangle indicate the 
mutagenic Sites in the experimentally generated progeny 
(mutagenized) DNA Strands. Note that the Staggered open 
ings on the mutagenized DNA Strands form "Sticky' ends. 
Section (3) shows the resultant double-stranded 
mutagenized circular DNA molecule produced after the 
double-stranded mutagenized circular DNA intermediate of 
Section (2) is ligated (e.g. with T4DNA ligase). Section (4) 
shows the first and Second mutagenic primer annealed to the 
mutagenized DNA strands of Section (3). The arrows indi 
cate the direction of synthesis. Section (5) shows the 
recently generated (blue) mutagenized DNA strands as being 
annealed to form a double-Stranded mutagenized circular 
DNA intermediate. The dot and the open-sided triangle 
indicate the mutagenic Sites in the recently generated 
mutagenized DNA Strands (blue). Note that the Staggered 
openings on the mutagenized DNA Strands form "Sticky 
ends'. Also note the presence of both mutagenic Sites on 
each of the two recently generated mutagenized DNA 
Strands (blue). Note the opening on each of the mutagenized 
DNA strands (i.e. they have not been ligated). Section (6) 
shows the resultant double-Stranded mutagenized circular 
DNA molecule produced after the double-stranded 
mutagenized circular DNA intermediate of Section (5) is 
ligated (e.g. using T4 DNA ligase). The dot and the open 
sided triangle indicate the mutagenic Sites in the 
mutagenized DNA molecules. Again, note the presence of 
both mutagenic Sites on each of the mutagenized DNA 
Strands. 

0372 Panel B. This figure shows two molecular struc 
tures produced from the amplification steps of FIG. 13A. 
Molecule (A) is also shown in Section (3) of FIG. 13A. 
Molecule (B) is produced in Section (6) of FIG. 13A. 
0373 FIG. 14: Strategy for Obtaining and Using Nucleic 
Acid Binding Proteins that Facilitate Entry of Genetic 
Vaccines. 

0374 Shown here is a strategy for obtaining and using 
nucleic acid binding proteins that facilitate entry of genetic 
vaccines, in particular, naked DNA, into target cells. Mem 
bers of a library obtained by the directed evolution methods 
described herein are linked to a coding region of M 13 
protein VIII so that a fusion protein is displayed on the 
Surface of the phage particles. Phage that efficiently enter the 
desired target tissue are identified, and the fusion protein is 
then used to coat a genetic vaccine nucleic acid. 
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0375 FIG. 15: A schematic representation of a method 
for generating a chimeric, multivalent antigen that has 
immunogenic regions from multiple antigens. 
0376 Antibodies to each of the non-chimeric parental 
immunogenic polypeptides are specific for the respective 
organisms (A, B, C). After carrying out the directed evo 
lution and Selection methods of the invention, however, a 
chimeric immunogenic polypeptide is obtained that is rec 
ognized by antibodies raised against each of the three 
parental immunogenic polypeptides. 
0377 FIG. 16A and FIG. 16B: Method for Obtaining 
Non-Stochastically Generated Polypeptides that can induce 
a Broad-Spectrum Immune Response. 
0378 Shown here is a schematic for a method by which 
one can obtain non-Stochastically generated polypeptides 
that can induce a broad-spectrum immune response. In FIG. 
16A, wild-type immunogenic polypeptides from the patho 
gens A, B, and C provide protection against the correspond 
ing pathogen from which the polypeptide is derived, but 
little or no cross-protection against the other pathogens (left 
panel). After evolving, an A/B/C chimeric polypeptide is 
obtained that can induce a protective immune response 
against all three pathogen types (right panel). In FIG. 16B, 
directed evolution is used with Substrate nucleic acids from 
two pathogen Strains (A, B), which encode polypeptides that 
are protective only against the corresponding pathogen. 
After directed evolution, the resulting chimeric polypeptide 
can induce an immune response that is effective against not 
only the two parental pathogen Strains, but also against a 
third strain of pathogen (C). 
0379 FIG. 17: Possible factors for determining whether 
a particular polynucleotide encodes an immunogenic 
polypeptide having a desired property. 
0380 Shown here are some of the possible factors that 
can determine whether a particular polynucleotide encodes 
an immunogenic polypeptide having a desired property, 
Such as enhanced immunogenicity and/or croSS-reactivity. 
Those Sequence regions that positively affect a particular 
property are indicated as plus signs along the antigen gene, 
while those Sequence regions that have a negative effect are 
shown as minus Signs. A pool of related antigen genes are 
non-Stochastically generated using the methods described 
herein and Screened to obtain those evolved nucleic acids 
that have gained positive Sequence regions and lost negative 
regions. No pre-existing knowledge as to which regions are 
positive or negative for a particular trait is required. 
0381 FIG. 18: Screening strategy for antigen library 
Screening. 
0382 Shown here is a schematic representation of the 
Screening Strategy for antigen library Screening. 
0383 FIG. 19: Strategy for pooling and deconvolution as 
used in antigen library Screening. 
0384. Shown here is a schematic representation of a 
Strategy for pooling and deconvolution as used in antigen 
library Screening. 
0385 FIG. 20A: Expression of non-stochastically gen 
erated envelope gp120 protein in a genetic vaccine. 
0386 Shown here is a diagram of a method for express 
ing HIV gp120 using genetic vaccine vectors and generation 
of a library of non-Stochastically generated gp120 genes. 
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0387 FIG. 20B: PCR primers for genetic vaccine for 
HIV. 

0388 Shown here are PCR primers that are useful for 
obtaining gp120 nucleic acid Substrates for directed evolu 
tion reactions. PrimerS Suitable for generating Substrates 
include 6025F (SEQID NO: 4), 7773R (SEQID NO:5), and 
primerS Suitable for amplifying the non-Stochastically gen 
erated nucleic acids include 6196F (SEQ ID NO: 6) and 
7746R (SEQID NO: 7). The primer BssH2-6205F (SEQ ID 
NO: 8) can be used to clone the resulting fragment into a 
genetic Vaccine Vector. 
0389 FIG. 21. Schematic representation of a multimo 
dule genetic vaccine vector. 
0390 Shown here is a schematic representation of a 
multimodule genetic vaccine vector. A typical genetic vac 
cine vector will include one or more of the components 
indicated, each of which can be native or optimized using 
the directed evolution methods described herein. These 
directed evolution methods can include the introduction of 
point mutations by Stochastic methods &/or by non-Stochas 
tic methods, including "gene Site Saturation mutagenesis' as 
described herein. These directed evolution methods can also 
include Stochastic polynucleotide reassembly methods, for 
example by interrupted synthesis (as described in U.S. Pat. 
No. 5,965,408). These directed evolution methods can also 
include non-Stochastic polynucleotide reassembly methods 
as described herein, including Synthetic ligation polynucle 
otide reassembly as described herein. The components can 
be present on the same vaccine vector, or can be included in 
a genetic Vaccine as Separate molecules. 
0391 FIG. 22A and FIG. 22.B. Generation of vectors 
with multiple T cell epitopes. Shown here are two different 
Strategies for generating vectors that contain multiple T cell 
epitopes obtained, for example, by directed evolution. In 
FIG. 60A, each individual non-stochastically generated 
epitope-encoding gene is linked to a single promoter, and 
multiple promoter-epitope gene constructs can be placed in 
a single vector. The Scheme shown, described &/or refer 
enced herein (including incorporated by reference) involves 
linking multiple epitope-encoding genes to a single pro 
moter. 

0392 FIG. 23. Generation of optimized genetic vaccines 
by directed evolution. Shown here is a diagram of the 
application of directed evolution to the generation of opti 
mized genetic vaccines. Different forms of polynucleotides 
having known functional properties (e.g., regulatory, coding, 
and the like) are evolved and Screened to identify variants 
that exhibit improved properties for use as genetic Vaccines. 
0393 FIG. 24. Recursive application of directed evolu 
tion and Selection of evolved promoter Sequences as an 
example of flow cytometry-based Screening methods. 
Shown here is a diagram of flow cytometry-based Screening 
methods (FACS) for selection of optimized promoter 
Sequences evolved using recursive applications of the 
directed evolution methods as described herein. A cytome 
galovirus (CMV) promoter is used for illustrative purposes. 
0394 FIG. 25. An apparatus for microinjections of skin 
and muscle. Shown here is an apparatus that is Suitable for 
microinjection of genetic vaccines and other reagents into 
tissue Such as Skin and muscle. The apparatus is particularly 
useful for Screening large numbers of agents in Vivo, being 
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based on a 96-well format. The tips of the apparatus are 
movable to allow adjustment so that the tips fit into a 
microtiter plate. After obtaining a reagent of interest is 
obtained from a plate, the tips are adjusted to a distance of 
about 2-3 min apart, enabling transfer of 96 different 
Samples to an area of about 1.6 cm by 2.4 cm to about 2.4 
cm by 3.6 cm. If desired, the volume of each sample 
transferred can be electronically controlled; typically the 
volumes transferred range from about 2 ul to about 5 ul. 
Each reagent can be mixed with a marker agent or dye to 
facilitate recognition of the injection Site in the tissue. For 
example, gold particles of different sizes and shaped can be 
mixed with the reagent of interest, and microScopy and 
immunohistochemistry used to identify each injection site 
and to Study the reaction induced by each reagent. When 
muscle tissue is injected, the injection site is first revealed by 
Surgery. 

0395 FIG. 26. Polynucleotide reassembly. Shown in 
Panel A is an example of directed evolution. n different 
Strains of a virus are used in this illustration, but the 
technique is applicable to any Single nucleic acid as well as 
to any nucleic acid for which different Strains, Species, or 
gene families have homologous nucleic acids that have one 
or more nucleotide changes compared to other homologous 
nucleic acids. The different variant nucleic acids are experi 
mentally generated, preferably non-Stochastically, as 
described herein, and Screened or Selected to identify those 
variants that exhibit the desired property. The directed 
evolution method(s) and Screening can be repeated one or 
more times to obtain further improvement. Panel B shows 
that Successive rounds of directed evolution can produce 
progressively enhanced properties, and that the combination 
of individual beneficial mutations can lead to an enhance 
improvement compared to the improvement achieved by an 
individual beneficial mutation. 

0396 FIG. 27. Vector for promoter evolution. Shown 
here is an example of a vector that is useful for Screening to 
identify improved promoters from a library of promoter 
nucleic acids evolved using the directed evolution methods 
as described herein. Experimentally generated putative pro 
moters are inserted into the vector upstream of a reporter 
gene for which expression is readily detected. For many 
applications, it is desirable that the product of the reporter 
gene be a cell Surface protein So that cells which express 
high levels of the reporter gene can be Sorted using flow 
cytometry-based cell Sorting using the reporter gene prod 
uct. Examples of Suitable reporter genes include, for 
example, B7-2 and mAb179 epitopes. A polyadenylation 
region is typically placed downstream of the reporter gene 
(SV40 polyA is illustrated). The vector can also include a 
Second reporter gene an internal control (GFP, green fluo 
rescent protein); this gene is linked to a promoter (SR p). 
The vector also typically includes a selectable marker (kana 
mycin/neomycin resistance is shown), and origins of repli 
cation that are functional in mammalian (SV40 ori) and/or 
bacterial (pUC ori) cells. 
0397 FIG. 28. Iterative evolution of inducible promoters 
using directed evolution and flow cytometry-based Selec 
tion. Shown here is a diagram of a Scheme for iterative 
evolution of inducible promoters using the directed evolu 
tion methods as described herein and flow cytometry-based 
Selection. A library of experimentally generated (i.e. pro 
duced by one or more directed evolution methods as 
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descried herein) promoter nucleic acids present in appropri 
ate vectorS is transfected into the cells, and those cells which 
exhibit the least expression of marker antigen when grown 
under uninduced conditions are Selected. The vectors (&/or 
cells containing them) are recovered, and the vectors are 
introduced into cells (if not contained therein already), and 
grown under inducing conditions. Those cells that express 
the highest level of marker antigen are Selected. 
0398 FIG. 29. Evolving a genetic vaccine vector for 
Oral, Intravenous, Intramuscular, Intradermal, Anal, Vagi 
nal, or Topical Delivery. Illustrated is a Strategy for Screen 
ing of M13 libraries (e.g. generated experimentally using 
directed evolution as descried herein) for desired targeting 
of various tissues. The particular example shown here is a 
Schematic diagram of a method for evolving a genetic 
vaccine vector for improved oral delivery. This may com 
prise Selecting for Stability under the acidic conditions of the 
Stomach, and resistance to other degredatory factors of the 
digestive tract. The particular example illustrated relates to 
Screening for improved oral delivery, but the same principle 
applies to libraries administered by other routes, including 
intravenously, intramuscularly, intradermally, anally, vagi 
nally, or topically. After delivery to a test animal, the M13 
phage (or a product thereof) is recovered from the tissue of 
interest. The procedure can be repeated to obtain further 
optimization. 
0399 FIG. 30. An alignment of the nucleotide sequences 
of the immediate/early gene of two human CMV strains and 
two monkey Strains. Shown here is an alignment of the 
nucleotide sequences of the immediate/early gene of two 
human cytomegalovirus (CMV) strains and two monkey 
Strains. This alignment is Serviceable for performing non 
Stochastic polynucleotide reassembly. Shared nucleotide 
Sequences of 3 or more bases are underlined to illustrate 
preferred but non-limiting examples of reassembly points. 
0400 FIG. 31. An alignment of Intron A sequences from 
CMV strains Towne and AD169. Shown here is an align 
ment of Intron A nucleotide sequences from CMV strains 
Towne and AD169. This alignment is serviceable for per 
forming non-Stochastic polynucleotide reassembly. Shared 
nucleotide Sequences of 3 or more bases are underlined to 
illustrate preferred but non-limiting examples of reassembly 
points. 
0401 FIG. 32. Generation of a Library of Evolved CMV 
Promoters. Shown here is a schematic presentation of the 
promoter/enhancer/intron Sequences derived from human 
(AD 169 and Towne) and monkey (rhesus and vervet 
monkey) cytomegaloviruses by PCR amplification. These 
amplified fragments are Suitable for use in directed evolu 
tion. The ability to align them renders them serviceable for 
Subjection to non-Stochastic polynucleotide reassembly. 
0402 FIG. 33. Non-stochastic Reassembly of oligo-di 
rected CpG knock-outs. Shown here is a Schematic repre 
Sentation of the use of the non-Stochastic methods described 
herein to generate promoter Sequences in which unnecessary 
CpG sequences are deleted, potentially useful CpG 
Sequences are added, and non-replaceable CpG sequences 
are identified. Additionally, other sequences (aside from the 
CpG sequences) can be Substituted into, added to, &/or 
deleted from working polynucleotides. 
0403 FIG. 34. An Example of a CTIS obtained from 
HbsAg polypeptide (PreS2 plus S regions). Shown here is an 



US 2003/0207287 A1 

example of a cytotoxic T-cell inducing sequence (CTIS) 
obtained from HBSAg polypeptide (PreS2 plus S regions). 
0404 FIG. 35. A CTIS Having Heterologous Epitopes 
Attached to the Cytoplasmic Portion. Shown here is a CTIS 
having heterologous epitopes attached to the cytoplasmic 
portion. 

04.05 FIG. 36. Method for preparing immunogenic ago 
nist Sequences (IAS). Shown here is a method for preparing 
immunogenic agonist Sequences (IAS). Wild-type (WT) and 
mutated forms of nucleic acids encoding a polypeptide of 
interest are assembled and Subjected to non-Stochastic reas 
Sembly to obtain a nucleic acid encoding a poly-epitope 
region that contains potential agonist Sequences. 
0406 FIG. 37. Improving Immunostimulatory 
Sequences (ISS) Using Directed Evolution. Shown here is a 
Scheme for improving immunostimulatory Sequences by the 
directed evolution methods described herein. Oligonucle 
otide building blocks (e.g. Synthetically generated), oligos 
with known ISS, CpG containing hexamers &/or oligos 
containing CpG containing hexamers, poly A, C, G, T, etc. 
... can be assembled. The resultant molecule(s) can then by 
Subjected to 1 or more directed evolution methods as 
described herein. 

0407 FIG. 38. Screening to identify IL-12 genes that 
encode recombinant IL-12 having an increased ability to 
induce T Cell proliferation. Shown here is a diagram of a 
procedure by which experimentally generated molecules, 
e.g. non-Stochastically generated libraries of human IL-12 
genes can be Screened to identify evolved IL-12 genes that 
encode evolved forms of IL-12 having increased ability to 
induce T cell proliferation. 

0408 FIG. 39. Model of induction of T cell activation or 
anergy by genetic vaccine vectors encoding different CD80 
and/or CD86 variants. Shown here is a model of how T cell 
activation or anergy can be induced by genetic vaccine 
vectors that encode different B7-1 (CD80) and/or B7-2 
(CD86) variants. 
04.09 FIG. 40. Screening of CD80/CD86 variants that 
have improved capacity to induce T cell activation oranergy. 
Shown here is a method for using directed evolution as 
described herein to obtain CD80/CD86 variants that have 
improved capacity to induce T cell activation or anergy. 
0410 FIG. 41. An alignment of the nucleotide sequences 
for human and mouse IL-10 receptor Sequences. Shown here 
is an alignment of the nucleotide Sequences for human and 
mouse IL-10 receptor Sequences. This alignment is Service 
able for performing non-Stochastic polynucleotide reassem 
bly. Shared nucleotide Sequences of 3 or more bases are 
underlined (with number of consecutive bases indicated) to 
illustrate preferred but non-limiting examples of reassembly 
points. 

0411 FIG. 42: An alignment of the nucleotide sequences 
for human, rhesus monkey, and rabbit B7-1 (CD80) genes. 
Shown here is an alignment of the nucleotide Sequences of 
B7-1 (CD80) genes from human, rhesus monkey, and rabbit. 
This alignment is Serviceable for performing non-Stochastic 
polynucleotide reassembly. Shared nucleotide Sequences of 
3 or more bases are underlined (with number of consecutive 
bases indicated) to illustrate preferred but non-limiting 
examples of reassembly points. 
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2. DETAILED DESCRIPTION OF THE 
INVENTION 

2.1. DEFINITIONS OF TERMS 

0412. In order to facilitate understanding of the examples 
provided herein, certain frequently occurring methods and/ 
or terms will be described. 

0413. 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. 

0414. 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. 

0415 “Alignment” with respect to molecular sequences 
is a way to determine Similarity between 2 or more 
Sequences. Optimal alignment of Sequences for comparison 
can be conducted, e.g., by the local homology algorithm of 
Smith & Waterman, Adv. Appl. Math. 2:482 (1981), by the 
homology alignment algorithm of Needleman & Wunsch, J 
Mol. Biol. 48:443 (1970), by the search for similarity 
method of Pearson & Lipman, Proc. Natl. Acad. Sci. USA 
85:2444 (1988), by computerized implementations of these 
algorithms (GAP, BESTFIT, FASTA, and TFASTA in the 
Wisconsin Genetics Software Package, Genetics Computer 
Group, 575 Science Dr., Madison, Wis.), or by visual 
inspection (see generally Ausubel et al., infra). 
0416) One example of an algorithm that is suitable for 
determining percent Sequence identity and Sequence Simi 
larity is the BLAST algorithm, which is described in Alts 
chul et al., J Mol. Biol. 215:403-410 (1990). Software for 
performing BLAST analyses is publicly available through 
the National Center for Biotechnology Information (http:// 
www.ncbl.nlm.nih.gov/). This algorithm involves first iden 
tifying high Scoring sequence pairs (HSPs) by identifying 
Short words of length W in the query Sequence, which either 
match or Satisfy Some positive-valued threshold Score T 
when aligned with a word of the Same length in a database 
Sequence. T is referred to as the neighborhood word Score 
threshold (Altschulet al., Supra). These initial neighborhood 
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word hits act as Seeds for initiating Searches to find longer 
HSPs containing them. The word hits are then extended in 
both directions along each Sequence for as far as the cumu 
lative alignment Score can be increased. Cumulative Scores 
are calculated using, for nucleotide Sequences, the param 
eters M (reward score for a pair of matching residues; 
always >0) and N (penalty Score for mismatching residues; 
always <0). For amino acid sequences, a scoring matrix is 
used to calculate the cumulative Score. Extension of the 
word hits in each direction are halted when: the cumulative 
alignment Score falls off by the quantity X from its maxi 
mum achieved value; the cumulative Score goes to Zero or 
below, due to the accumulation of one or more negative 
Scoring residue alignments, or the end of either Sequence is 
reached. 

0417. The BLAST algorithm parameters W, T, and X 
determine the Sensitivity and Speed of the alignment. The 
BLASTN program (for nucleotide sequences) uses as 
defaults a wordlength (W) of 11, an expectation (E) of 10, 
a cutoff of 100, M=5, N=-4, and a comparison of both 
Strands. For amino acid Sequences, the BLASTP program 
uses as defaults a wordlength (W) of 3, an expectation (E) 
of 10, and the BLOSUM62 scoring matrix (see Henikoff & 
Henikoff (1989) Proc. Natl. Acad. Sci. USA 89:10915). 
0418. In addition to calculating percent Sequence identity, 
the BLAST algorithm also performs a statistical analysis of 
the similarity between two Sequences (See, e.g., Karlin & 
Altschul (1993) Proc. Natl. Acad. Sci. USA90:5873-5787). 
One measure of similarity provided by the BLAST algo 
rithm is the smallest sum probability (P(N)), which provides 
an indication of the probability by which a match between 
two nucleotide or amino acid Sequences would occur by 
chance. For example, a nucleic acid is considered similar to 
a reference Sequence if the Smallest Sum probability in a 
comparison of the test nucleic acid to the reference nucleic 
acid is less than about 0.1, more preferably less than about 
0.01, and most preferably less than about 0.001. 

0419) Another indication that two nucleic acid sequences 
are substantially identical is that the two molecules hybrid 
ize to each other under Stringent conditions. The phrase 
“hybridizing Specifically to”, refers to the binding, duplex 
ing, or hybridizing of a molecule only to a particular 
nucleotide Sequence under Stringent conditions when that 
Sequence is present in a complex mixture (e.g., total cellular) 
DNA or RNA. “Bind(s) substantially” refers to complemen 
tary hybridization between a probe nucleic acid and a target 
nucleic acid and embraces minor mismatches that can be 
accommodated by reducing the Stringency of the hybridiza 
tion media to achieve the desired detection of the target 
polynucleotide Sequence. 

0420. 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 
(his or H), isoleucine (ile or I), leucine (leu or L), lysine (lys 
or K), methionine (met or M), phenylalanine (phe or F), 
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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). 
0421. The term “amplification” means that the number of 
copies of a polynucleotide is increased. 
0422 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 
ability 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. 

0423 (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. 

0424 (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. 

0425 (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. 

0426 (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. 

0427 (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. 

0428 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, lacI and polySomes), none of these 
formats have provided for recombination by random croSS 
overs to deliberately create a combinatorial library. 
0429. 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 
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molecular templates, Such that the resultant chimeric poly 
nucleotide has properties of a plurality of templates. 
0430. 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 
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. 
0431. 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. 

0432. 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. 
0433 “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. 
0434 “Conservatively modified variations” of a particu 
lar polynucleotide Sequence refers to those polynucleotides 
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that encode identical or essentially identical amino acid 
Sequences, or where the polynucleotide does not encode an 
amino acid Sequence, to essentially identical Sequences. 
Because of the degeneracy of the genetic code, a large 
number of functionally identical nucleic acids encode any 
given polypeptide. For instance, the codons CGU, CGC, 
CGA, CGG, AGA, and AGG all encode the amino acid 
arginine. 
0435 Thus, at every position where an arginine is speci 
fied by a codon, the codon can be altered to any of the 
corresponding codons described without altering the 
encoded polypeptide. Such nucleic acid variations are 
“Silent variations,” which are one Species of “conservatively 
modified variations.” Every polynucleotide Sequence 
described herein which encodes a polypeptide also describes 
every possible Silent variation, except where otherwise 
noted. 

0436. One of skill will recognize that each codon in a 
nucleic acid (except AUG, which is ordinarily the only 
codon for methionine) can be modified to yield a function 
ally identical molecule by Standard techniques. Accordingly, 
each “Silent variation' of a nucleic acid which encodes a 
polypeptide is implicit in each described Sequence. 
0437. Furthermore, one of skill will recognize that indi 
vidual Substitutions, deletions or additions which alter, add 
or delete a single amino acid or a Small percentage of amino 
acids (typically less than 5%, more typically less than 1%) 
in an encoded Sequence are “conservatively modified varia 
tions” where the alterations result in the Substitution of an 
amino acid with a chemically similar amino acid. Conser 
Vative Substitution tables providing functionally similar 
amino acids are well known in the art. The following five 
groups each contain amino acids that are conservative 
Substitutions for one another: 

0438 Aliphatic: Glycine (G), Alanine (A), Valine 
(V), Leucine (L), Isoleucine (1); 

0439 Aromatic: Phenylalanine (F), Tyrosine (Y), 
Tryptophan (W); 

0440 Sulfur-containing: Methionine (M), Cysteine 
(C); 

0441 Basic: Arginine (R), Lysine (K), Histidine 
(H); 

0442) Acidic: Aspartic acid (D), Glutamic acid (E), 
Asparagine (N), Glutamine (Q). 

0443) See also, Creighton (1984) Proteins, W. H. Free 
man and Company, for additional groupings of amino acids. 
In addition, individual Substitutions, deletions or additions 
which alter, add or delete a single amino acid or a Small 
percentage of amino acids in an encoded Sequence are also 
“conservatively modified variations”. 
0444 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 
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 
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“TATAC corresponds to a reference “TATAC and is 
complementary to a reference Sequence “GTATA.' 
0445. The term “cytokine” includes, for example, inter 
leukins, interferons, chemokines, hematopoietic growth fac 
tors, tumor necrosis factors and transforming growth factors. 
In general these are Small molecular weight proteins that 
regulate maturation, activation, proliferation and differen 
tiation of the cells of the immune System. 
0446. 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. 

0447. 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. 
0448 “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. 
0449) “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 
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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 
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' BamHI-is ligated into a cloning vector 
that has a multiple cloning site digested with EcoRI and 
BamH I. 

0450. 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. 
0451 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. 

0452. An “exogenous DNA segment”, “heterologous 
Sequence' or a "heterologous nucleic acid', as used herein, 
is one that originates from a Source foreign to the particular 
host cell, or, if from the Same Source, is modified from its 
original form. Thus, a beterologous gene in a host cell 
includes a gene that is endogenous to the particular host cell, 
but has been modified. Modification of a heterologous 
Sequence in the applications described herein typically 
occurs through the use of stochastic (e.g. polynucleotide 
Shuffling & interrupted Synthesis) and non-Stochastic poly 
nucleotide reassembly. Thus, the terms refer to a DNA 
Segment which is foreign or heterologous to the cell, or 
homologous to the cell but in a position within the host cell 
nucleic acid in which the element is not ordinarily found. 
0453 “Exogenous” DNA segments are expressed to yield 
exogenous polypeptides. 

0454. The term “gene' is used broadly to refer to any 
Segment of DNA associated with a biological function. 
Thus, genes include coding Sequences and/or the regulatory 
Sequences required for their expression. Genes also include 
nonexpressed DNA segments that, for example, form rec 
ognition Sequences for other proteins. Genes can be obtained 
from a variety of Sources, including cloning from a Source 
of interest or Synthesizing from known or predicted 
Sequence information, and may include Sequences designed 
to have desired parameters. 
0455 An “experimentally generated (in vitro &/or in 
vivo) polynucleotide” (which term includes a “recombinant 
polynucleotide') or an “experimentally (in vitro &/or in 
vivo) generated polypeptide' (which term includes a 
“experimentally generated polypeptide') is a non-naturally 
occurring polynucleotide or polypeptide that includes 
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nucleic acid or amino acid Sequences, respectively, from 
more than one Source nucleic acid or polypeptide, which 
Source nucleic acid or polypeptide can be a naturally occur 
ring nucleic acid or polypeptide, or can itself have been 
Subjected to mutagenesis or other type of modification. The 
Source polynucleotides or polypeptides from which the 
different nucleic acid or amino acid Sequences are derived 
are Sometimes homologous (i.e., have, or encode a polypep 
tide that encodes, the Same or a similar Structure and/or 
function), and are often from different isolates, Serotypes, 
Strains, Species, of organism or from different disease States, 
for example. 
0456. 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. 
0457. 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. 
0458. 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). 
0459 “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. 
0460 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. 
0461 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. 
0462 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” 
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(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. 

0463 The benefits of this invention extend to “commer 
cial applications” (or commercial processes), which term is 
used to include applications in commercial industry proper 
(or simply industry) as well as non-commercial commercial 
applications (e.g. biomedical research at a non-profit insti 
tution). Relevant applications include those in areas of 
diagnosis, medicine, agriculture, manufacturing, and aca 
demia. 

0464) 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. 

0465. The terms “identical” or percent “identity,” in the 
context of two or more nucleic acid or polypeptide 
Sequences, refer to two or more Sequences or Subsequences 
that are the same or have a specified percentage of amino 
acid residues or nucleotides that are the same, when com 
pared and aligned for maximum correspondence, as mea 
Sured using one of the following Sequence comparison 
algorithms or by Visual inspection. 
0466 For Sequence comparison, typically one sequence 
acts as a reference Sequence to which test Sequences are 
compared. When using a sequence comparison algorithm, 
test and reference Sequences are input into a computer, 
Subsequence coordinates are designated, if necessary, and 
Sequence algorithm program parameters are designated. The 
Sequence comparison algorithm then calculates the percent 
Sequence identity for the test Sequence(s) relative to the 
reference Sequence, based on the designated program 
parameterS. 

0467 A further indication that two nucleic acid 
Sequences or polypeptides are Substantially "identical” is 
that the polypeptide encoded by the first nucleic acid is 
immunologically croSS reactive with, or Specifically binds 
to, the polypeptide encoded by the Second nucleic acid. 
Thus, a polypeptide is typically Substantially identical to a 
Second polypeptide, for example, where the two peptides 
differ only by conservative substitutions. 

0468. 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. 
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0469 The term "isolated”, when applied to a nucleic acid 
or protein, denotes that the nucleic acid or protein is essen 
tially free of other cellular components with which it is 
asSociated in the natural State. It is preferably in a homoge 
neous State although it can be in either a dry or aqueous 
Solution. Purity and homogeneity are typically determined 
using analytical chemistry techniques Such as polyacryla 
mide gel electrophoresis or high performance liquid chro 
matography. A protein which is the predominant Species 
present in a preparation is Substantially purified. In particu 
lar, an isolated gene is separated from open reading frames 
which flank the gene and encode a protein other than the 
gene of interest. 
0470 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 
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. 
0471. 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. 
0472 “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. 
0473. 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. 

0474 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 
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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. 

0475 A“multivalent antigenic polypeptide' or a “recom 
binant multivalent antigenic polypeptide' is a non-naturally 
occurring polypeptide that includes amino acid Sequences 
from more than one Source polypeptide, which Source 
polypeptide is typically a naturally occurring polypeptide. 
At least Some of the regions of different amino acid 
Sequences constitute epitopes that are recognized by anti 
bodies found in a mammal that has been injected with the 
Source polypeptide. The Source polypeptides from which the 
different epitopes are derived are usually homologous (i.e., 
have the same or a similar structure and/or function), and are 
often from different isolates, Serotypes, Strains, Species, of 
organism or from different disease States, for example. 
0476. The term “mutations” includes changes in the 
Sequence of a wild-type or parental nucleic acid Sequence or 
changes in the Sequence of a peptide. Such mutations may 
be point mutations Such as transitions or transversions. The 
mutations may be deletions, insertions or duplications. A 
mutation can also be a "chimerization', which is exempli 
fied in a progeny molecule that is generated to contain part 
or all of a Sequence of one parental molecule as well as part 
or all of a Sequence of at least one other parental molecule. 
This invention provides for both chimeric polynucleotides 
and chimeric polypeptides. 
0477 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. 
0478. 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 bacteria, protozoa, insects, plants or mammalian 
tissue) 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 naturally occur 
ring refers to an object as present in a non-pathological 
(un-diseased) individual, Such as would be typical for the 
Species. 

0479. The term “nucleic acid” refers to deoxyribonucle 
otides or ribonucleotides and polymers thereof in either 
Single- or double-Stranded form. Unless Specifically limited, 
the term encompasses nucleic acids containing known ana 
logues of natural nucleotides which have similar binding 
properties as the reference nucleic acid and are metabolized 
in a manner Similar to naturally occurring nucleotides. 
Unless otherwise indicated, a particular nucleic acid 
Sequence also implicitly encompasses conservatively modi 
fied variants thereof (e.g. degenerate codon Substitutions) 
and complementary Sequences and as well as the Sequence 
explicitly indicated. Specifically, degenerate codon Substi 
tutions may be achieved by generating Sequences in which 
the third position of one or more selected (or all) codons is 
Substituted with mixed-base and/or deoxyinosine residues 
(Batzer et al. (1991) Nucleic Acid Res. 19:5081; Ohtsuka et 
al. (1985) J Biol. Chem. 260: 2605-2608; Cassol et al. 
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(1992) Rossolini et al. (1994) Mol. Cell. Probes 8: 91-98). 
The term nucleic acid is used interchangeably with gene, 
cDNA, and mRNA encoded by a gene. 
0480 “Nucleic acid derived from a gene” refers to a 
nucleic acid for whose Synthesis the gene, or a Subsequence 
thereof, has ultimately Served as a template. Thus, an 
mRNA, a cDNA reverse transcribed from an mRNA, an 
RNA transcribed from that cDNA, a DNA amplified from 
the cDNA, an RNA transcribed from the amplified DNA, 
etc., are all derived from the gene and detection of Such 
derived products is indicative of the presence and/or abun 
dance of the original gene and/or gene transcript in a Sample. 

0481. 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. 

0482. 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'. 

0483. 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'. 

0484. 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. 

0485 The terms “nucleic acid encoding an enzyme (pro 
tein)” or “DNA encoding an enzyme (protein)” or “poly 
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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. 
0486 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 
one or more activities or properties attributable to it, includ 
ing activities or properties attributable its expressed product. 
0487. 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. 

0488 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. 
0489. 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. 

0490 An "oligonucleotide” (or synonymously an 
"oligo') refers to either a single Stranded polydeoxynucle 
otide or two complementary poly deoxynucleotide 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 
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this context, “homologous' is in reference to homology 
between the oligo and the parental polynucleotide that is 
Subjected to the polymerase-based amplification. 
0491. 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 increases the 
transcription of the coding Sequence. 
0492. 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. However, Since enhancers 
generally function when Separated from the promoter by 
Several kilobases and intronic Sequences may be of variable 
lengths, Some polynucleotide elements may be operably 
linked but not contiguous. 
0493 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. 
0494 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. 
0495 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. 
0496 Standard convention (5' to 3') is used herein to 
describe the Sequence of double Standed polynucleotides. 
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0497. 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. 
0498. 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 referemce 
precursor molecule may be termed a "pre-pro-form” mol 
ecule. 

0499 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. 
0500. The term “purified” denotes that a nucleic acid or 
protein gives rise to essentially one band in an electro 
phoretic gel. Particularly, it means that the nucleic acid or 
protein is at least about 50% pure, more preferably at least 
about 85% pure, and most preferably at least about 99% 
pure. 

0501) “Quasi-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. 
0502. 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. 
0503 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. 

0504. 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), 
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cell membrane receptors, complex carbohydrates and gly 
coproteins, enzymes, and hormone receptors. 

0505) The term “recombinant” when used with reference 
to a cell indicates that the cell replicates a heterologous 
nucleic acid, or expresses a peptide or protein encoded by a 
heterologous nucleic acid. Recombinant cells can contain 
genes that are not found within the native (non-recombinant) 
form of the cell. Recombinant cells can also contain genes 
found in the native form of the cell wherein the genes are 
modified and re-introduced into the cell by artificial means. 
The term also encompasses cells that contain a nucleic acid 
endogenous to the cell that has been modified without 
removing the nucleic acid from the cell; Such modifications 
include those obtained by gene replacement, Site-specific 
mutation, and related techniques. 
0506 “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. 
0507. A “recombinant expression cassette” or simply an 
“expression cassette' is a nucleic acid construct, generated 
recombinantly or Synthetically, with nucleic acid elements 
that are capable of effecting expression of a structural gene 
in hosts compatible with Such Sequences. Expression cas 
Settes include at least promoters and optionally, transcription 
termination signals. Typically, the recombinant expression 
cassette includes a nucleic acid to be transcribed (e.g., a 
nucleic acid encoding a desired polypeptide), and a pro 
moter. Additional factors necessary or helpful in effecting 
expression may also be used as described herein. For 
example, an expression cassette can also include nucleotide 
Sequences that encode a signal Sequence that directs Secre 
tion of an expressed protein from the host cell. Transcription 
termination signals, enhancers, and other nucleic acid 
Sequences that influence gene expression, can also be 
included in an expression cassette. 
0508. The term “related polynucleotides” means that 
regions or areas of the polynucleotides are identical and 
regions or areas of the polynucleotides are heterologous. 

0509) “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. 

0510) 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.” 
0511. 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 
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 

Nov. 6, 2003 

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. 
0512 “Repetitive Index (RI)”, as used herein, is the 
average number of copies of the quasi-repeated units con 
tained in the cloning vector. 
0513. 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 N. 
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. 
0514. The term "screening” describes, in general, a pro 
ceSS that identifies optimal antigens. Several properties of 
the antigen can be used in Selection and Screening including 
antigen expression, folding, Stability, immunogenicity and 
presence of epitopes from Several related antigens. Selection 
is a form of Screening in which identification and physical 
Separation are achieved Simultaneously by expression of a 
Selection marker, which, in Some genetic circumstances, 
allows cells expressing the marker to Survive while other 
cells die (or Vice versa). Screening markers include, for 
example, luciferase, beta-galactosidase and green fluores 
cent protein. Selection markers include drug and toxin 
resistance genes, and the like. Because of limitations in 
Studying primary immune responses in Vitro, in Vivo Studies 
are particularly useful Screening methods. In these Studies, 
the antigens are first introduced to test animals, and the 
immune responses are Subsequently Studied by analyzing 
protective immune responses or by Studying the quality or 
Strength of the induced immune response using lymphoid 
cells derived from the immunized animal. Although spon 
taneous Selection can and does occur in the course of natural 
evolution, in the present methods Selection is performed by 
a. 

0515. 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. 
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0516. 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 
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. 
0517. 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). 
0518. 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). 
0519) The phrase “specifically (or selectively) binds to an 
antibody” or “specifically (or selectively) immunoreactive 
with', when referring to a protein or peptide, refers to a 
binding reaction which is determinative of the presence of 
the protein, or an epitope from the protein, in the presence 
of a heterogeneous population of proteins and other biolog 
ics. Thus, under designated immunoassay conditions, the 
Specified antibodies bind to a particular protein and do not 
bind in a significant amount to other proteins present in the 
Sample. The antibodies raised against a multivalent anti 
genic polypeptide will generally bind to the proteins from 
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which one or more of the epitopes were obtained. Specific 
binding to an antibody under Such conditions may require an 
antibody that is Selected for its specificity for a particular 
protein. A variety of immunoassay formats may be used to 
Select antibodies Specifically immunoreactive with a par 
ticular protein. For example, Solid-phase ELISA immunoas 
says, Western blots, or immunohistochemistry are routinely 
used to Select monoclonal antibodies Specifically immunore 
active with a protein. See Harlow and Lane (1988) Anti 
bodies, A Laboratory Manual, Cold Spring Harbor Publica 
tions, New York “Harlow and Lane”), for a description of 
immunoassay formats and conditions that can be used to 
determine Specific immunoreactivity. Typically a specific or 
Selective reaction will be at least twice background Signal or 
noise and more typically more than 10 to 100 times back 
ground. 
0520. 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).) 
0521. A “specific binding affinity” between two mol 
ecules, for example, a ligand and a receptor, means a 
preferential binding of one molecule for another in a mixture 
of molecules. The binding of the molecules can be consid 
ered specific if the binding affinity is about 1x10" M' to 
about 1x10'M' or greater. 
0522 “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. 
0523 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. 
0524. The T is the temperature (under defined ionic 
strength and pH) at which 50% of the target sequence 
hybridizes to a perfectly matched probe. Very Stringent 
conditions are Selected to be equal to the T, for a particular 
probe. An example of Stringent hybridization conditions for 
hybridization of complementary nucleic acids which have 
more than 100 complementary residues on a filter in a 
Southern or northern blot is 50% formamide with I mg of 
heparin at 42"C., with the hybridization being carried out 
overnight. 
0525 “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. 
0526. An example of highly “stringent” wash conditions 
is 0.15M NaCl at 72'C. for about 15 minutes. An example of 
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stringent wash conditions is a 0.2xSSC wash at 65"C. for 15 
minutes (see, Sambrook, infra., for a description of SSC 
buffer). Often, a high Stringency wash is preceded by a low 
Stringency wash to remove background probe Signal. An 
example medium Stringency wash for a duplex of, e.g., more 
than 100 nucleotides, is 1xSSC at 45 C. for 15 minutes. An 
example low Stringency wash for a duplex of, e.g., more than 
100 nucleotides, is -6xSSC at 40° C. for 15 minutes. For 
Short probes (e.g., about 10 to 50 nucleotides), Stringent 
conditions typically involve Salt concentrations of less than 
about 1.0 M Nation, typically about 0.01 to 1.0 M Nation 
concentration (or other salts) at pH 7.0 to 8.3, and the 
temperature is typically at least about 30° C. Stringent 
conditions can also be achieved with the addition of desta 
bilizing agents Such as formamide. In general, a signal to 
noise ratio of 2x(or higher) than that observed for an 
unrelated probe in the particular hybridization assay indi 
cates detection of a specific hybridization. Nucleic acids 
which do not hybridize to each other under Stringent con 
ditions are still Substantially identical if the polypeptides 
which they encode are Substantially identical. This occurs, 
e.g., when a copy of a nucleic acid is created using the 
maximum codon degeneracy permitted by the genetic code. 

0527 “Stringent hybridization conditions” and “stringent 
hybridization wash conditions” in the context of nucleic acid 
hybridization experiments Such as Southern and northern 
hybridizations are Sequence dependent, and are different 
under different environmental parameters. Longer 
Sequences hybridize Specifically at higher temperatures. 

0528. An extensive guide to the hybridization of nucleic 
acids is found in Tijssen (1993) Laboratory Techniques in 
Biochemistry and Molecular Biology-Hybridization with 
Nucleic Acid Probes part I chapter 2 “Overview of prin 
ciples of hybridization and the Strategy of nucleic acid probe 
assays”, Elsevier, N.Y. Generally, highly stringent hybrid 
ization and wash conditions are selected to be about 5 C. 
lower than the thermal melting point (T) for the specific 
Sequence at a defined ionic strength and pH. Typically, under 
“stringent conditions” a probe will hybridize to its target 
Subsequence, but to no other Sequences. 

0529) 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). 
0530. The phrase “substantially identical,” in the context 
of two nucleic acids or polypeptides, refers to two or more 
Sequences or Subsequences that have at least 60%, prefer 
ably 80%, most preferably 90-95% nucleotide or amino acid 
residue identity, when compared and aligned for maximum 
correspondence, as measured using one of the following 
Sequence comparison algorithms or by Visual inspection. 
Preferably, the substantial identity exists over a region of the 
Sequences that is at least about 50 residues in length, more 
preferably over a region of at least about 100 residues, and 
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most preferably the Sequences are Substantially identical 
over at least about 150 residues. In Some embodiments, the 
Sequences are Substantially identical Over the entire length of 
the coding regions. 
0531. A “subsequence” refers to a sequence of nucleic 
acids or amino acids that comprise a part of a longer 
Sequence of nucleic acids or amino acids (e.g., polypeptide) 
respectively. 
0532. 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. 
0533. 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. 

0534 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. 
0535. 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 
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 
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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. 
0536 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. 
0537) 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. 

2.2. GENERAL CONSIDERATIONS & 
FORMATS FOR RECOMBINATION 

0538 Component Modules Provides Genetic Vaccine 
with the Acquisition of or Improvement in a useful Property 
or Characteristic 

0539. The present invention provides multicomponent 
genetic vaccines that include one or more component mod 
ules, each of which provides the genetic vaccine with the 
acquisition of or an improvement in a property or charac 
teristic useful in genetic Vaccination. 
0540. The invention provides significant advantages over 
previously used genetic vaccines. Through use of a multi 
component vaccine, one can obtain an immune response that 
is particularly effective for a particular application. A mul 
ticomponent genetic Vaccine can, for example, contain a 
component that is optimized for optimal antigen expression, 
as well as a component that conferS improved activation of 
cytotoxic T lymphocytes (CTLs) by enhancing the presen 
tation of the antigen on dendritic cell MHC Class I mol 
ecules. Additional examples are described herein. 
0541. The invention provides a new approach to vaccine 
development, which is termed “antigen library immuniza 
tion.” No other technologies are available for generating 
libraries of related antigens or optimizing known protective 
antigens. The most powerful previously existing methods 
for identification of vaccine antigens, Such as high through 
put Sequencing or expression library immunization, only 
explore the Sequence Space provided by the pathogen 
genome. These approaches are likely to be insufficient, 
because they generally only target Single pathogen Strains, 
and because natural evolution has directed pathogens to 
downregulate their own immunogenicity. In contrast, the 
immunization protocols of the invention, which use experi 
mentally evolved (e.g. by polynucleotide reassembly &/or 
polynucleotide site-Saturation mutagenesis) antigen librar 
ies, provide a means to identify novel antigen Sequences. 
Those antigens that are most protective can be Selected from 
these pools by in Vivo challenge models. Antigen library 
immunization dramatically expands the diversity of avail 
able immunogen Sequences, and therefore, these antigen 
chimera libraries can also provide means to defend against 
newly emerging pathogen variants of the future. The meth 
ods of the invention enable the identification of individual 
chimeric antigens that provide efficient protection against a 
variety of existing pathogens, providing improved vaccines 
for troops and civilian populations. 
0542. The methods of the invention provide an evolution 
based approach, Such as Stochastic (e.g. polynucleotide 
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Shuffling & interrupted Synthesis) and non-Stochastic poly 
nucleotide reassembly in particular, that is an optimal 
approach to improve the immunogenicity of many types of 
antigens. For example, the methods provide means of 
obtaining optimized cancer antigens useful for preventing 
and treating malignant diseases. Furthermore, an increasing 
number of Self-antigens, causing autoimmune diseases, and 
allergens, causing atopy, allergy and asthma, have been 
characterized. The immunogenicity and manufacturing of 
these antigens can likewise be improved with the methods of 
this invention. 

0543. The antigen library immunization methods of the 
invention provide a means by which one can obtain a 
recombinant antigen that has improved ability to induce an 
immune response to a pathogenic agent. A "pathogenic 
agent” refers to an organism or virus that is capable of 
infecting a host cell. Pathogenic agents typically include 
and/or encode a molecule, usually a polypeptide, that is 
immunogenic in that an immune response is raised against 
the immunogenic polypeptide. Often, the immune response 
raised against an immunogenic polypeptide from one Sero 
type of the pathogenic agent is not capable of recognizing, 
and thus protecting against, a different Serotype of the 
pathogenic agent, or other related pathogenic agents. In 
other situations, the polypeptide produced by a pathogenic 
agent is not produced in Sufficient amounts, or is not 
Sufficiently immunogenic, for the infected host to raise an 
effective immune response against the pathogenic agent. 
0544 These problems are overcome by the methods of 
the invention, which typically involve reassembling (&/or 
Subjecting to one or more directed evolution methods 
described herein) two or more forms of a nucleic acid that 
encode a polypeptide of the pathogenic agent, or antigen 
involved in another disease or condition. These reassembly 
methods, including Stochastic (e.g. polynucleotide shuffling 
& interrupted Synthesis) and non-stochastic polynucleotide 
reassembly, use as Substrates forms of the nucleic acid that 
differ from each other in two or more nucleotides, So a 
library of recombinant nucleic acids results. The library is 
then Screened to identify at least one optimized recombinant 
nucleic acid that encodes an optimized recombinant antigen 
that has improved ability to induce an immune response to 
the pathogenic agent or other condition. 
0545. The resulting recombinant antigens often are chi 
meric in that they are recognized by antibodies (Abs) 
reacting against multiple pathogen Strains, and generally can 
also elicit broad Spectrum immune responses. Specific neu 
tralizing antibodies are known to mediate protection against 
Several pathogens of interest, although additional mecha 
nisms, Such as cytotoxic T lymphocytes, are likely to be 
involved. The concept of chimeric, multivalent antigens 
inducing broadly reacting antibody responses is further 
illustrated in FIG. 1. 

0546. In preferred embodiments, the different forms of 
the nucleic acids that encode antigenic polypeptides are 
obtained from members of a family of related pathogenic 
agents. 

0547 This scheme of performing stochastic (e.g. poly 
nucleotide shuffling & interrupted Synthesis) and non-sto 
chastic polynucleotide reassembly using nucleic acids from 
different organisms is shown Schematically in Figure ???. 
Therefore, these stochastic (e.g. polynucleotide shuffling & 
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interrupted Synthesis) and non-stochastic polynucleotide 
reassembly methods provide an effective approach to gen 
erate multivalent, croSSprotective antigens. The methods are 
useful for obtaining individual chimeras that effectively 
protect against most or all pathogen variants (FIG. 3A). 
0548 Moreover, immunizations using entire libraries or 
pools of experimentally evolved (e.g. by polynucleotide 
reassembly &/or polynucleotide site-Saturation mutagen 
esis) antigen chimeras can also result in identification of 
chimeric antigens that protect against pathogen variants that 
were not included in the starting population of antigens (for 
example, protection against Strain C by experimentally 
evolved (e.g. by polynucleotide reassembly &/or polynucle 
otide site-Saturation mutagenesis) library of chimeras/mu 
tants of strains A and B in FIG. 313). 
0549. Accordingly, the antigen library immunization 
approach enables the development of immunogenic 
polypeptides that can induce immune responses against 
poorly characterized, newly emerging pathogen variants. 
0550 Sequence reassembly (&/or one or more additional 
directed evolution methods described herein) can be 
achieved in many different formats and permutations of 
formats, as described in further detail below. These formats 
share Some common principles. For example, the targets for 
modification vary in different applications, as does the 
property Sought to be acquired or improved. Examples of 
candidate targets for acquisition of a property or improve 
ment in a property include genes that encode proteins which 
have immunogenic and/or toxigenic activity when intro 
duced into a host organism. 
0551. The methods use at least two variant forms of a 
Starting target. The variant forms of candidate Substrates can 
show Substantial Sequence or Secondary Structural Similarity 
with each other, but they should also differ in at least one and 
preferably at least two positions. The initial diversity 
between forms can be the result of natural variation, e.g., the 
different variant forms (homologs) are obtained from dif 
ferent individuals or Strains of an organism, or constitute 
related Sequences from the same organism (e.g., allelic 
variations), or constitute homologs from different organisms 
(interspecific variants). 
0552. Alternatively, initial diversity can be induced, e.g., 
the variant forms can be generated by error-prone transcrip 
tion, Such as an error-prone PCR or use of a polymerase 
which lacks proof-reading activity (see, Liao (1990) Gene 
88: 107-111), of the first variant form, or, by replication of 
the first form in a mutator Strain (mutator host cells are 
discussed in further detail below, and are generally well 
known). A mutator Strain can include any mutants in any 
organism impaired in the functions of mismatch repair. 
These include mutant gene products of mutS, mutT, muth, 
mutL, OVrD, dcm, VSr, umuC, umu D, SbcB, rec, etc. The 
impairment is achieved by genetic mutation, allelic replace 
ment, Selective inhibition by an added reagent Such as a 
Small compound or an expressed antisense RNA, or other 
techniques. Impairment can be of the genes noted, or of 
homologous genes in any organism. Other methods of 
generating initial diversity include methods well known to 
those of Skill in the art, including, for example, treatment of 
a nucleic acid with a chemical or other mutagen, through 
Spontaneous mutation, and by inducing an error-prone repair 
System (e.g., SOS) in a cell that contains the nucleic acid. 
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The initial diversity between Substrates is greatly augmented 
in Subsequent Steps of reassembly (&/or one or more addi 
tonal directed evolution methods described herein) for 
library generation. 
0553 Properties involved in Immunogenicity 
0554 Polynucleotide sequences that can positively or 
negatively affect the immunogenicity of an antigen encoded 
by the polynucleotide are often Scattered throughout the 
entire antigen gene. Several of these factors are shown 
diagrammatically in FIG. 4. By reassembling (&/or subject 
ing to one or more directed evolution methods described 
herein) different forms of polynucleotide that encode the 
antigen using Stochastic (e.g. polynucleotide shuffling & 
interrupted Synthesis) and non-stochastic polynucleotide 
reassembly, followed by selection for those chimeric poly 
nucleotides that encode an antigen that can induce an 
improved immune response, one can obtain primarily 
Sequences that have a positive influence on antigen immu 
nogenicity. Those Sequences that negatively affect antigen 
immunogenicity are eliminated (FIG. 4). One need not 
know the particular Sequences involved. 
0555. The present invention provides methods for obtain 
ing polynucleotide Sequences that, either directly or indi 
rectly (i.e., through encoding a polypeptide), can modulate 
an immune response when present on a genetic vaccine 
vector. In another embodiment, the invention provides meth 
ods for optimizing the transport and presentation of anti 
gens. The optimized immunomodulatory polynucleotides 
obtained using the methods of the invention are particularly 
Suited for use in conjunction with vaccines, including 
genetic vaccines. One of the advantages of genetic vaccines 
is that one can incorporate genes encoding immunomodu 
latory molecules, Such as cytokines, coStimulatory mol 
ecules, and molecules that improve antigen transport and 
presentation into the genetic vaccine vectors. This provides 
opportunities to modulate immune responses that are 
induced against the antigens expressed by the genetic vac 
CCS. 

0556. Obtaining Components for use in Genetic Vaccines 
that are more Effective through the Creation of a Library, the 
Screening of the Library, and the use of Recombinant 
Nucleic Acids that Exhibit Improved Properties 
0557. In additional embodiments, the present invention 
provides methods of obtaining components for use in 
genetic vaccines, including the multicomponent vaccines, 
that are more effective in conferring a desired immune 
response property upon a genetic vaccine. The methods 
involve creating a library of recombinant nucleic acids and 
screening the library to identify those library members that 
exhibits an enhanced capacity to confer a desired property 
upon a genetic Vaccine. Those recombinant nucleic acids 
that exhibit improved properties can be used as components 
in a genetic Vaccine, either directly as a polynucleotide or as 
a protein that is obtained by expression of the component 
nucleic acid. 

0558 Improvement Goals 
0559 The properties or characteristics that can be sought 
to be acquired or improved vary widely, and, of course 
depend on the choice of Substrate. For genetic Vaccines, 
improvement goals include higher titer, more stable expres 
Sion, improved Stability, higher specificity targeting, higher 
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or lower frequency of integration, reduced immunogenicity 
of the vector or an expression product thereof, increased 
immunogenicity of the antigen, higher expression of gene 
products, and the like. Other properties for which optimi 
Zation is desired include the tailoring of an immune response 
to be most effective for a particular application. Examples of 
genetic vaccine components are shown, described &/or 
referenced herein (including incorporated by reference). 
Two or more components can be included in a single vector 
molecule, or each component can be present in a genetic 
vaccine formulation as a separate molecule. 
0560 Sequence Reassembly (&/or One or More Addi 
tonal Directed Evolution Methods Described Herein) can be 
Achieved through Different Formats which Share some 
Common Principles 

0561. In the methods of the invention, at least two variant 
forms of a nucleic acid are reassembled (&/or Subjected to 
one or more directed evolution methods described herein) to 
produce a library of recombinant nucleic acids, which is then 
Screened to identify at least one recombinant component that 
is optimized for the particular vaccine property. Often, 
improvements are achieved after one round of reassembly 
(&/or one or more additional directed evolution methods 
described herein) and Selection. Sequence reassembly (&/or 
one or more additional directed evolution methods described 
herein) can be achieved in many different formats and 
permutations of formats, as described in further detail below. 
These formats share Some common principles. A family of 
nucleic acid molecules that have Some Sequence identity to 
each other, but differ in the presence of mutations, is 
typically used as a Substrate for reassembly (&/or one or 
more additional directed evolution methods described 
herein). In any given cycle, reassembly (&/or one or more 
additional directed evolution methods described herein) can 
occur in Vivo or in vitro, intracellularly or extracellularly. 
Furthermore, diversity resulting from reassembly (&/or one 
or more additional directed evolution methods described 
herein) can be augmented in any cycle by applying prior 
methods of mutagenesis (e.g., error-prone PCR or cassette 
mutagenesis) to either the Substrates or products of reas 
sembly (&/or one or more additional directed evolution 
methods described herein). In Some instances, a new or 
improved property or characteristic can be achieved after 
only a single cycle of in Vivo or in vitro reassembly (&/or 
one or more additional directed evolution methods described 
herein), as when using different, variant forms of the 
Sequence, as homologs from different individuals or Strains 
of an organism, or related Sequences from the same organ 
ism, as allelic variations. However, recursive Sequence reas 
sembly (&/or one or more additional directed evolution 
methods described herein), which entails Successive cycles 
of reassembly (&/or one or more additional directed evolu 
tion methods described herein), can also be employed to 
achieve Still further improvements in a desired property, or 
to bring about new (or “distinct) properties, or to. generate 
further molecular diversity. 
0562. In a presently preferred embodiment, polynucle 
otides that encode optimized recombinant antigens are Sub 
jected to molecular backcrossing, which provides a means to 
breed the experimentally evolved (e.g. by polynucleotide 
reassembly &/or polynucleotide site-Saturation mutagen 
esis) chimeras/mutants back to a parental or wild-type 
Sequence, while retaining the mutations that are critical to 

38 
Nov. 6, 2003 

the phenotype that provides the optimized immune 
responses. In addition to removing the neutral mutations, 
molecular backcrossing can also be used to characterize 
which of the many mutations in an improved variant con 
tribute most to the improved phenotype. This cannot be 
accomplished in an efficient library fashion by any other 
method. Backcrossing is performed by reassembling 
(optionally in combination with other directed evolution 
methods described herein) the improved sequence with a 
large molar excess of the parental Sequences. 
0563 Stochastic (e.g. Polynucleotide Shuffling & Inter 
rupted Synthesis) and Non-stochastic Polynucleotide Reas 
sembly is used to obtain the Library of Recombinant Nucleic 
Acids, using a Variety of Substrates to Acquire or Improve 
Various Properties for Different Applications 

0564 Creation of Recombinant Libraries 
0565. The invention involves creating recombinant 
libraries of polynucleotides that are then Screened to identify 
those library members that exhibit a desired property. The 
recombinant libraries can be created using any of various 
methods. 

0566 Initial Diversity Between Substrates 
0567 The substrate nucleic acids used for the reassembly 
(&/or one or more additional directed evolution methods 
described herein) can vary depending upon the particular 
application. For example, where a polynucleotide that 
encodes (369- "a cytokine, chemokine, or other accessory 
molecule') a nucleic acid binding domain or a ligand for a 
cell-specific receptor is to be optimized, different forms of 
nucleic acids that encode all or part of the (369- “cytokine, 
chemokine, or other accessory molecule”) nucleic acid bind 
ing domain or a ligand for a cell-specific receptor are 
Subjected to reassembly (&/or one or more additional 
directed evolution methods described herein). 
0568. In a presently preferred embodiment, stochastic 
(e.g. polynucleotide Shuffling & interrupted Synthesis) and 
non-Stochastic polynucleotide reassembly is used to obtain 
the library of recombinant nucleic acids. Stochastic (e.g. 
polynucleotide shuffling & interrupted Synthesis) and non 
Stochastic polynucleotide reassembly, which is diagrammed 
in Figure ???, can result in optimization of a desired property 
even in the absence of a detailed understanding of the 
mechanism by which the particular property is mediated. 
The substrates for this modification, or evolution, vary in 
different applications, as does the property Sought to be 
acquired or improved. Examples of candidate Substrates for 
acquisition of a property or improvement in a property 
include Viral and nonviral vectors used in genetic vaccina 
tion, as well as nucleic acids that are involved in mediating 
a particular aspect of an immune response. The methods 
require at least two variant forms of a starting Substrate. The 
variant forms of candidate components can have Substantial 
Sequence or Secondary Structural Similarity with each other, 
but they should also differ in at least two positions. The 
initial diversity between forms can be the result of natural 
variation, e.g., the different variant forms (homologs) are 
obtained from different individuals or Strains of an organism 
(including geographic variants) or constitute related 
Sequences from the same organism (e.g., allelic variations). 
Alternatively, the initial diversity can be induced, e.g., the 
Second variant form can be generated by error-prone tran 




















































































































































































































































































































































































