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METHODS OF CONSTRUCTING AND 
SCREENING DIVERSE EXPRESSION 

LIBRARIES 

RELATED APPLICATION DATA 

0001. The present invention is a continuation-in-part 
application of U.S. Ser. No. 09/568,229 filed May 5, 2000 
which claims the benefit of priority under 35 USC S119(e) 
from U.S. Provisional Application No. 60/132,711 filed May 
5, 1999, both of which are herein incorporated by reference in 
their entirety. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to methods 
for the production and of nucleic acid fragment libraries that 
express highly diverse peptides, polypeptides or protein 
domains and, in particular, methods for producing nucleic 
acid fragment libraries wherein the nucleic acid fragments of 
the libraries are derived from one and preferably from two or 
more prokaryote genomes or compact eukaryote genomes, 
Such as, for example, organisms having diverse characterized 
genomes. In another embodiment, the nucleic acid fragments 
are expressed as protein domains capable of assuming a con 
formation that binds to a target protein or nucleic acid during 
library screening. The present invention further provides 
methods of Screening Such libraries to identify peptides, 
polypeptides or protein domains that bind to a target protein 
or nucleic acid such as, for example, to modulate the activity 
of the target protein or nucleic acid. Also provided are meth 
ods for identifying nucleic acid encoding Such peptides, 
polypeptides or protein domains. The present invention 
extends to the nucleic acids, peptides, polypeptides and pro 
tein domains identified by the methods described herein. 

BACKGROUND OF THE INVENTION 

1. General Information 

0003. As used herein the term “derived from shall be 
taken to indicate that a specified integer is obtained from a 
particular source albeit not necessarily directly from that 
SOUC. 

0004. Unless the context requires otherwise or specifically 
stated to the contrary, integers, steps, or elements of the inven 
tion recited herein as singular integers, steps or elements 
clearly encompass both singular and plural forms of the 
recited integers, steps or elements. 
0005 Throughout this specification, unless the context 
requires otherwise, the word “comprise', or variations such 
as “comprises” or “comprising, will be understood to imply 
the inclusion of a stated step or element or integer or group of 
steps or elements or integers but not the exclusion of any other 
step or element or integer or group of elements or integers. 
0006 Unless specifically stated otherwise, each feature 
described herein with reference to a particular aspect or 
embodiment of the invention shall be taken to apply mutatis 
mutandis to each and every other aspector embodiment of the 
invention. For example, any one or more features described 
herein with respect to methods for expression library con 
struction shall apply to those embodiments relating to meth 
ods for screening expression libraries to identify a peptide or 
protein domain capable of binding a target protein or nucleic 
acid or nucleic acid encoding same. 
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0007 Those skilled in the art will appreciate that the 
invention described herein is susceptible to variations and 
modifications other than those specifically described. It is to 
be understood that the invention includes all such variations 
and modifications. The invention also includes all of the steps, 
features, compositions and compounds referred to or indi 
cated in this specification, individually or collectively, and 
any and all combinations or any two or more of said steps or 
features. 
0008. The present invention is not to be limited in scope by 
the specific examples described herein. Functionally equiva 
lent products, compositions and methods are clearly within 
the scope of the invention, as described herein. 
0009. The present invention is performed without undue 
experimentation using, unless otherwise indicated, conven 
tional techniques of molecular biology, microbiology, Virol 
ogy, recombinant DNA technology, peptide synthesis in solu 
tion, Solid phase peptide synthesis, and immunology. Such 
procedures are described, for example, in the following texts: 
0010) 1. Sambrook, Fritsch & Maniatis, whole of Vols I, II, 
and III; 

0011 2. DNA Cloning: A Practical Approach, Vols. I and 
II (D. N. Glover, ed., 1985), IRL Press, Oxford, whole of 
text; 

0012 Oligonucleotide Synthesis: A Practical Approach 
(M. J. Gait, ed., 1984) IRL Press, Oxford, whole of text, 
and particularly the papers therein by Gait, pp 1-22; Atkin 
son et al., pp 35-81; Sproat et al., pp 83-115; and Wu et al., 
pp. 135-151: 

(0013 4. Nucleic Acid Hybridization: A Practical 
Approach (B. D. Hames & S. J. Higgins, eds., 1985) IRL 
Press, Oxford, whole of text; 

0014 5. Animal Cell Culture: Practical Approach. Third 
Edition (John R. W. Masters, ed., 2000), ISBN 
O199637970, whole of text: 

(0015. 6. Immobilized Cells and Enzymes: A Practical 
Approach (1986) IRL Press, Oxford, whole of text; 

0016 7. Perbal, B., A Practical Guide to Molecular Clon 
ing (1984); 

(0017 8. Methods. In Enzymology (S. Colowick and N. 
Kaplan, eds., Academic Press, Inc.), whole of series; 

(0018, 9.J. F. Ramalho Ortigao, “The Chemistry of Peptide 
Synthesis” In: Knowledge database of Access to Virtual 
Laboratory website (Interactiva, Germany); 

0019 10. Sakakibara, D., Teichman, J., Lien, E. Land 
Fenichel, R. L. (1976). Biochem. Biophys. Res. Commun. 
73 336-342 

(0020 11. Merrifield, R. B. (1963). J. Am. Chem. Soc. 85, 
2149-2154. 

(0021 12. Barany, G. and Merrifield, R. B. (1979) in The 
Peptides (Gross, E. and Meienhofer, J. eds.), Vol. 2, pp. 
1-284, Academic Press, New York. 

(0022. 13. Wünsch, E., ed. (1974) Synthese von Peptiden in 
Houben-Weyls Metoden der Organischen Chemie (Miller, 
E., ed.), Vol. 15, 4th edin. Parts 1 and 2. Thieme. Stuttgart. 

(0023. 14. Bodanszky, M. (1984) Principles of Peptide 
Synthesis, Springer-Verlag, Heidelberg. 

(0024. 15. Bodanszky, M. & Bodanszky, A. (1984) The 
Practice of Peptide Synthesis, Springer-Verlag, Heidel 
berg. 

(0025 16. Bodanszky, M. (1985) Int. J. Peptide Protein 
Res. 25, 449-474. 
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0026 17. Handbook of Experimental Immunology, Vols. 
I-IV (D. M. Weir and C. C. Blackwell, eds., 1986, Black 
well Scientific Publications). 

0027 18. McPherson et al., In: PCR A Practical 
Approach, IRL Press, Oxford University Press, Oxford, 
United Kingdom, 1991. 

0028. 19. Methods in Yeast Genetics: A Cold Spring Har 
bor Laboratory Course Manual (D. Burke et al., eds) Cold 
Spring Harbor Press, New York, 2000 (see whole of text). 

0029 20. Guide to Yeast Genetics and Molecular Biology. 
In: Methods in Enzymology Series, Vol. 194 (C. Guthrie 
and G. R. Fink eds) Academic Press, London, 1991 2000 
(see whole of text). 

2. Description of the Related Art. 
0030. As a response to the increasing demand for new lead 
compounds and new target identification and validation 
reagents, the pharmaceutical industry has increased its 
screening of various sources for new lead compounds having 
a unique activity or specificity in therapeutic applications, 
Such as, for example, in the treatment of neoplastic disorders, 
infection, modulating immunity, autoimmunity, fertility, etc. 
0031. It is known that proteins bind to other proteins, 
antigens, antibodies, nucleic acids, and carbohydrates. Such 
binding enables the protein to effect changes in a wide variety 
of biological processes in all living organisms. As a conse 
quence, proteins represent an important source of natural 
modulators of phenotype. Accordingly, peptides that modu 
late the binding activity of a protein represent attractive lead 
compounds (drug candidates) in primary or secondary drug 
screening. For example, the formation of a target biological 
interaction that has a deleterious effect (eg. replication of a 
pathogen or of a cancer cell), can be assayed to identify lead 
compounds that antagonize the biological interaction. 
0032 Similarly, the activity or expression of an antimicro 
bial target (eg., a protein produced by a particular microbe 
that is required for its Survival or propagation), can be 
screened for novel compounds that modulate the survival or 
propagation of the microbe by antagonizing an activity or 
function of the antimicrobial target. Peptides that block the 
function of specific membrane channels, or disrupt cytoplas 
mic membranes of Some organisms is represent attractive 
candidates for anti-microbial drugs. Antimicrobial effects 
have been demonstrated for certain natural peptides produced 
by animals and insects, and for synthetic cationic peptides 
(eg., azurocidin, cathepsin G. Cationic Antimicrobial Pep 
tides CAP57 and CAP37, defensin, bactenecin and magai 
nin). 
0033) A virulence determinant of a pathogen also presents 
an attractive target for identifying lead compounds having 
antimicrobial activity. For example, a peptide antagonist of an 
autoinducer of virulence in Staphylococcus aureus that con 
trols the production of bacterial toxins involved in pathogen 
esis has been determined. The antagonist, designated RIP 
(RNAIII inhibiting peptide) is produced by a non-pathogenic 
strain of Staphylococcus aureus and appears to inhibit the 
RNAIII gene that is induced by a threshold concentration of 
an endogenous protein, RNA III Activating Protein (RAP), in 
virulent strains. 
0034. In another example, differential gene expression 
between normal and diseased (eg., neoplastic or apoptotic) 
cells, such as, for example, differential expression of cellular 
receptors, and/or differential signal transduction processes 
between normal and diseased cells, implicate those differen 
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tial patterns of gene expression in disease. Accordingly, the 
genes or proteins that are differentially expressed in diseased 
and normal cells, or the differential cellular processes 
between normal and diseased cells, form attractive targets for 
therapy. Similarly, cyclin proteins such as Cdc2, Cdc25, and 
cyclin-dependent kinases (CDKs) are attractive targets for 
cellular proliferation. Peptides that agonize orantagonize the 
expression of Such target genes or target processes are Suit 
able lead compounds for therapeutic applications. 
0035. In yet another example, certain allergen proteins 
(eg., DerpI) are attractive targets for Screens to identify anti 
allergenic compounds that prevent or inhibit immune 
responses to the allergen protein. 
0036. It is widely recognized that there is a need to develop 
methods for determining novel compounds, including 
nucleic acid-based products and peptide-based products, that 
modulate an activity or function of a particular target. In Such 
approaches, an activity of a target protein or nucleic acid is 
screened in the absence and presence of a potential lead 
compound, which is a peptide, and modified activity of the 
target is determined. 
0037 Similarly, peptides can be used as dominant nega 
tive inhibitors or the validation of prospective drug targets 
using assays Such as observing the phenotype resulting from 
over-expression of the peptides in ex-Vivo assays or in trans 
genic mice. 
0038. In one known approach to identify novel lead com 
pounds, random peptide (synthetic mimetic or mimotope) 
libraries are produced using short random oligonucleotides 
produced by synthetic combinatorial chemistry. The DNA 
sequences are cloned into an appropriate vehicle for expres 
sion and the encoded peptide is then screened using one of a 
variety of approaches. However, the ability to isolate active 
peptides from random fragment libraries can be highly vari 
able with low affinity interactions occurring between the pep 
tide-binding partners. Moreover, the expressed peptides often 
show little or none of the secondary or tertiary structure 
required for efficient binding activity, and/or are unstable. 
This is not surprising, considering that biological molecules 
appear to recognise shape and charge rather than primary 
sequence (Yang and Honig J. Mol. Biol. 301(3), 691-711 
2000) and that such random peptide aptamers are generally 
too small to comprise a protein domain or to form the sec 
ondary structure of a protein domain. The relatively unstruc 
tured linear nature of these peptide aptamers also leads to 
their more rapid degradation and clearance following admin 
istration to a subject in Vivo, thereby reducing their appeal as 
therapeutic agents. 
0039. To enhance the probability of obtaining useful bio 
active peptides or proteins from random peptide libraries, 
peptides have previously been constrained within scaffold 
structures, eg., thioredoxin (Trx) loop (Blum et al. Proc. Natl. 
Acad. Sci. USA, 97, 2241-2246, 2000) or catalytically inac 
tive staphylococcal nuclease (Norman et al. Science, 285, 
591-595, 1999), to enhance their stability. Constraint of pep 
tides within Such structures has been shown, in Some cases, to 
enhance the affinity of the interaction between the expressed 
peptides and its target, presumably by limiting the degrees of 
conformational freedom of the peptide, and thereby minimiz 
ing the entropic cost of binding. 
0040. It is also known to tailor peptide expression libraries 
for identifying specific peptides involved in a particular pro 
cess, eg., antigen-antibody-binding activity. For example 
U.S. Pat. No. 6,319,690 (Dade Behring Marburg GmBH) 
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teaches a PCR-based method of amplifying cDNA sequences 
encoding a population of antibodies, wherein oligonucleotide 
primers that are homologous to conserved regions of anti 
body-encoding cDNAs derived from a mixture of non-acti 
vated B-lymphocytes are used to amplify nucleic acids that 
encode antibody variable regions. The amplified sequences 
are expressed using a bacterial display system, for screening 
with selected antigens to determine those antibody fragments 
that bind the antigens. However, the expression libraries 
described in U.S. Pat. No. 6,319,690 show limited diversity, 
because the amplified fragments were all antibody-encoding 
fragments derived from a single complex eukaryote. Addi 
tionally, the antibody-encoding libraries described in U.S. 
Pat. No. 6,319,690 were screened for antigen-binding activity 
rather than for a novel bioactivity (ie. the expressed peptides 
were not mimotopes). 
0041. Several attempts have been made to develop librar 
ies based on naturally occurring proteins (eggenomic expres 
sion libraries). Libraries of up to several thousand polypep 
tides or peptides have been prepared by gene expression 
systems and displayed on chemical Supports or in biological 
systems Suitable for testing biological activity. For example, 
genome fragments isolated from Escherichia coli MG 1655 
have been expressed using phage display technology, and the 
expressed peptides screened to identify peptides that bind to 
a polyclonal anti-RecA protein antisera (Palzkillet al. Gene, 
221 79-83, 1998). Such expression libraries are generally 
produced using nucleic acid from single genomes, and gen 
erally comprise nucleic acid fragments comprising whole 
genes and/or multiple genes or whole operons, including 
multiple linked protein domains of proteins. Additionally, as 
many bacteria comprise recA-encoding genes, the libraries 
described by Palzkill et al., were screened for an activity that 
was known for the organism concerned, rather than for a 
novel bioactivity (ie. the expressed peptides were not neces 
sarily mimotopes). 
0042 U.S. Pat. No. 5,763,239 (Diversa Corporation) 
describes a procedure for producing normalized genomic 
DNA libraries from uncharacterized environmental samples 
containing a mixture of uncharacterized genomes. The pro 
cedure described by Diversa Corp. comprises melting DNA 
isolated from an environmental sample, and allowing the 
DNA to reanneal understringent conditions. Rare sequences, 
that are less likely to reanneal to their complementary strand 
in a short period of time, are isolated as single-stranded 
nucleic acid and used to generate a gene expression library. 
However, total normalization of each organism within Such 
uncharacterized samples is difficult to achieve, thereby reduc 
ing the biodiversity of the library. Such libraries also tend to 
be biased toward the frequency with which a particular organ 
ism is found in the native environment. As such, the library 
does not represent the true population of the biodiversity 
found in a particular biological sample. In cases where the 
environmental sample includes a dominant organism, there is 
likely to be a significant species bias that adversely impacts 
on the sequence diversity of the library. Furthermore, as many 
of the organisms found in Such samples are uncharacterized, 
very little information is known regarding the constitution of 
the genomes that comprise Such libraries. Accordingly, it is 
not possible to estimate the true diversity of such libraries. 
Additionally, since the Diversa Corp. process relies upon 
PCR using random primers to amplify uncharacterized 
nucleic acids, there is no possibility of accounting for biasing 
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factors, such as, for example, a disproportionate representa 
tion of repeated sequences across genomes of the organisms 
in the environmental sample. 
0043. Accordingly, there remains a need to produce 
improved methods for constructing highly diverse and well 
characterized expression libraries wherein the expressed pep 
tides are capable of assuming a secondary structure or con 
formation Sufficient to bind to a target protein or nucleic acid, 
Such as, for example, by virtue of the inserted nucleic acid 
encoding a protein domain. 

SUMMARY OF THE INVENTION 

0044) The present invention is based upon the understand 
ing of the present inventors that, in contrast to random Syn 
thetic peptide libraries produced by combinatorial 
approaches, or short random peptides produced by expression 
of PCR products, amino acids are not randomly distributed in 
nature (Pande et al., Proc Natl Acad. Sci. USA 91 12972 
12975, 1994). Proteins that fold well in nature have non 
random hydrophobicity distributions (Irbacket al., Proc Natl 
Acad. Sci. USA 93,9533-9538, 1996). In any native peptide, 
the distribution of amino acid residues according to their 
chemical properties (eg hydrophobicity, polarity, etc) is also 
non-random (Baud and Karlin, Proc Natl Acad. Sci. USA 96, 
12494-12499, 1999). Accordingly, the present inventors real 
ized that random peptide libraries have a low frequency of 
naturally occurring or native peptide conformational struc 
tures or secondary structures, such as, for example, those 
structures formed by protein domains. 
0045. In work leading up to the present invention, the 
inventors sought to take advantage of diverse and well-char 
acterized prokaryotic genomes and/or compact eukaryotic 
genomes in the construction of highly diverse expression 
libraries for isolating bioactive peptides or proteins. In par 
ticular, the use of combinations of nucleic acid fragments 
from one or two or more well characterized genomes has 
allowed the inventors to control the degree the diversity of 
peptides/proteins expressed in their expression libraries, to 
enhance the possibility of isolating novel peptides having the 
ability to bind to a desired protein or nucleic acid. It will be 
understood from the disclosure herein that the bioactive pep 
tides or proteins expressed by individual library clones of 
such libraries are screened for an activity of the encoded 
peptide, particularly a binding activity, which said encoded 
protein has not been shown to possess in the context of the 
protein from which it was derived (ie in its native environ 
ment). In the screening process, any library clone encoding a 
peptide that has the same activity as it would have in its native 
environment is excluded during the screening process, since 
an objective of the present invention is to isolate novel bio 
active peptides or proteins. 
0046 Peptides encoded by genomes which differ from the 
genome of the drug target organism (eg. humans) are a par 
ticularly rich source of high affinity target binding agents. 
This is because in the evolution of the target organism itself. 
Such high affinity peptide domains have been selected against 
other than the interaction interfaces which may exist in that 
organism for functional dimerization with natural partners. 
0047. In one embodiment, the libraries described in the 
present invention are constructed from nucleic acid fragments 
comprising genomic DNA, cDNA, or amplified nucleic acid 
derived from one or two or more well-characterized genomes. 
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0048 Preferably, one or more well-characterized 
genomes is a compact genome of a eukaryote (ie. protist, 
dinoflagellate, alga, plant, fungus, mould, invertebrate, Ver 
tebrate, etc) such as, for example, a eukaryote selected from 
the group consisting of Arabidopsis thaliana, Anopheles 
gambiae, Caenorhabditis elegans, Danio rerio, Drosophila 
melanogaster; Takifigu rubripes, Cryptosporidium parvuni, 
Trypanosoma Cruzi, Saccharomyces cerevesiae, and 
Schizosaccharomyces pombe. 
0049. In another embodiment, one or more well-charac 
terized genomes is a compact genome of a prokaryote (ie. 
bacteria, eubacteria, cyanobacteria, etc) Such as, for example 
a prokaryote selected from the group consisting of Archaeo 
globus fulgidis, Aquifex aeolicus, Aeropyrum permix, Bacillus 
subtilis, Bordetella pertussis TOX6, Borrelia burgdorferi, 
Chlamydia trachomatis, Escherichia coli K12, Haemophilus 
influenzae (rd), Helicobacter pylori, Methanobacterium ther 
moautotrophicum, Methanococcus jannaschii, Mycoplasma 
pneumoniae, Neisseria meningitidis, Pseudomonas aerugi 
nosa, Pyrococcus horikoshii, Synechocystis PCC 6803, Ther 
moplasma volcanium and Thermotoga maritima. 
0050. In a further embodiment, combinations of nucleic 
acid fragments from one or more eukaryote genomes and/or 
one or more prokaryote genomes are used. 
0051. Wherein the nucleic acid fragments are from mix 
tures of organisms, it is preferred that those organisms are not 
normally found together in nature. In accordance with this 
embodiment of the invention, the process of combining 
nucleic acid fragments derived from diverse organisms not 
normally found together in nature enhances and controls 
diversity of the expression library produced using Such 
nucleic acid fragments. 
0052. It is to be understood that the nucleic acid fragments 
used in the production of the expression libraries of the 
present invention are generated using art-recognized methods 
Such as, for example, a method selected from the group con 
sisting mechanical shearing, digestion with a nuclease and 
digestion with a restriction endonuclease. Combinations of 
Such methods can also be used to generate the genome frag 
ments. In a particularly preferred embodiment, copies of 
nucleic acid fragments from one or two or more genomes are 
generated using polymerase chain reaction (PCR) using ran 
dom oligonucleotide primers. 
0053. The nucleic acid fragments or cDNA or amplified 
DNA derived therefrom are inserted into a suitable vector or 
gene construct in operable connection with a suitable pro 
moter for expression of each peptide in the diverse nucleic 
acid sample. The construct used for the expression of the 
diverse nucleic acid fragment library is determined by the 
system that will be used to screen for those peptides that have 
a conformation Sufficient for binding to a target protein or 
nucleic acid. Thus, consideration is generally given to an 
expression format Suitable for Screening the library. 
0054. In one embodiment, the vector or gene construct is 
suitable for in vitro display of an expressed peptide. Preferred 
in vitro display formats include, ribosome display, mRNA 
display or covalent display. 
0055. In another embodiment, the vector or gene construct 

is suitable for expressing a peptide in a cellular host. Preferred 
cellular hosts in this context are capable of Supporting the 
expression of exogenous or episomal DNA such as, for 
example, a cellular host selected from the group consisting of 
a bacterial cell, yeast cell, insect cell, mammalian cell, and 
plant cell. 
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0056. In another embodiment, the vector or gene construct 
is suitable for expressing a peptide in a multicellular organ 
ism. Preferred multicellular organisms for this purpose will 
include organisms having a compact genome and/or short life 
cycle to facilitate rapid high throughput Screening, Such as, 
for example, a plant (eg., Arabidopsis thaliana or Nicotinia 
tabaccum) or an animal selected from the group consisting of 
Caenorhabditis elegans, Danio rerio, Drosophila melano 
gaster; Takifugu rubripes, Mus sp. and Rattus sp. 
0057 Accordingly, one aspect of the present invention 
provides a method of constructing an expression library for 
expressing a peptide having a conformation Sufficient for 
binding to a target protein or nucleic acid, said method com 
prising: 
0.058 (a) producing nucleic acid fragments from nucleic 
acids derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microor 
ganisms or eukaryotes having a Substantially sequenced 
genome; and 

0059 (b) inserting the nucleic acid fragments at (a) into a 
Suitable expression construct thereby producing recombi 
nant constructs, wherein each fragment is in operable con 
nection with a promoter sequence that is capable of con 
ferring expression of that fragment. 

0060. By way of exemplification, FIG. 1 shows one 
embodiment of the method of generating the expression 
library of the present invention, wherein nucleic acid frag 
ments are isolated from multiple evolutionary diverse organ 
isms and pooled in Such a way as to ensure about equal 
representation of each of the genomes. Nested PCR using 
degenerate PCR primers amplifies sequences from the pooled 
genomes in a first round, and specific PCR amplifies the 
nucleic acid fragments so as to permit their direct cloning into 
an expression vector. 
0061 Preferably, the poor representation of low copy 
number sequences is reduced or minimized by normalizing 
the nucleic acid according to the complexity and size of the 
genome of the microorganism or compact eukaryote (ie., 
relative genome size of content of each contributing genome 
of the expression library). Thus, where genomes from more 
than one organism are used in the construction of the library, 
each of those contributing genomes is preferably used in an 
amount that is proportional to that complexity and size of the 
genome (or transcriptome). Such as, for example, in compari 
son to the complexity and size of another genome in the 
mixture of genomes. This process results in about equal rep 
resentation of the genome fragments in the biodiverse nucleic 
acid fragment library. 
0062 Accordingly, a preferred embodiment of the present 
invention provides a method of constructing an expression 
library for expressing a polypeptide having a conformation 
Sufficient for binding to a target protein or nucleic acid, said 
method comprising: 
0063 (a) producing nucleic acid fragments from nucleic 
acids derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microor 
ganisms or eukaryotes having a Substantially sequenced 
genome; and 

0064 (b) inserting the selected fragments at (a) into a 
Suitable expression vector in an amount proportional to the 
size of the genome from which the fragments were derived 
thereby producing recombinant constructs, wherein each 
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fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 

0065 Preferably, the nucleic acid fragments are selected 
Such that the encoded peptides have an average length that is 
about the length of a protein domain, eg., at least about 12-15 
amino acids in length and more preferably at least about 15 
amino acids in length or at least about 20 amino acids in 
length or at least about 30 amino acids in length. 
0066 Alternatively, or in addition, the nucleic acid frag 
ments will preferably encode peptides that, on average, com 
prise or consist of a protein domain. As used herein, the term 
“protein domain” shall be taken to mean a discrete portion of 
a protein that assumes a secondary structure or conformation 
Sufficient to permit said portion to perform a specific function 
in the context of a target protein or target nucleic acid and, in 
particular, to bind with high affinity to the target protein or 
nucleic acid. Preferred protein domains are not required to be 
constrained within a scaffold structure to bind to the target 
nucleic acid or target protein, or for said binding to be 
enhanced. Accordingly, it is particularly preferred that 
nucleic acid fragments used in the generation of the expres 
sion libraries of the present invention encode peptides that 
form stable secondary structures or conformations in the 
absence of a Trx loop or catalytically inactive staphylococcal 
nuclease peptide. 
0067. It is also preferred for the nucleic acid fragments of 
the expression libraries of the invention to encode a single 
protein domain. Accordingly, in a particularly preferred 
embodiment, the nucleic acid fragments of the expression 
libraries of the present invention will encode a peptide having 
an upper length of about 50 amino acid residues. 
0068 Accordingly, a preferred embodiment of the present 
invention provides a method of constructing an expression 
library for expressing a polypeptide having a conformation 
Sufficient for binding to a target protein or nucleic acid, said 
method comprising: 
0069 (a) producing nucleic acid fragments from nucleic 
acids derived from one or two or more microorganisms or 
eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome; 

0070 (b) selecting nucleic acid fragments from the frag 
ments at (a) that encode a peptide having an average length 
of at least about 12-15 amino acid residues and/or encode 
a protein domain; and 

0071 (c) inserting the selected fragments at (b) into a 
Suitable expression vector thereby producing recombinant 
constructs, wherein each fragment is in operable connec 
tion with a promoter sequence that is capable of conferring 
expression of that fragment. 

0072. In an alternative embodiment, the present invention 
provides a method of constructing an expression library for 
expressing a polypeptide having a conformation Sufficient for 
binding to a target protein or nucleic acid, said method com 
prising: 
0073 (a) producing nucleic acid fragments from nucleic 
acids derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microor 
ganisms or eukaryotes having a Substantially sequenced 
genome; 
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0074 (b) selecting nucleic acid fragments from the frag 
ments at (a) that encode a peptide having an average length 
of at least about 12-15 amino acid residues and/or encode 
a protein domain; and 

0075 (c) inserting the selected fragments at (a) into a 
Suitable expression vector in an amount proportional to the 
size of the genome from which the fragments were derived 
thereby producing recombinant constructs, wherein each 
fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 

0076. In a further preferred embodiment, nucleic acid 
fragments are selected having Sufficiently different nucle 
otide sequences to thereby enhance the nucleotide sequence 
diversity between the selected nucleic acid fragments, prior to 
or following their insertion into an expression vector or gene 
construct. Preferably, such a selection is performed prior to 
insertion of the nucleic acid fragments into a vector or gene 
COnStruct. 

0077. In one embodiment, selecting nucleic acid frag 
ments having Sufficiently different nucleotide sequences 
comprises Subjecting a base nucleic acid fragment to 
mutagenesis to produce a mutated fragment and optionally 
combining the mutated fragment with the base nucleic acid 
fragment. 
0078. In another embodiment, selecting nucleic acid frag 
ments having Sufficiently different nucleotide sequences 
comprises mutating a nucleic acid fragment thereby permit 
ting the nucleic acid fragment to be read in any one or more of 
three forward reading frames. By "mutating in this context is 
meant that one or more nucleotide residues are added to the 
5'-end or 3'-end of a nucleic acid fragment. Alternatively, or in 
addition, "mutating in this context means that the nucleotide 
sequence of a nucleic acid fragment is subjected to mutation 
by the insertion of one or more nucleotides into an internal 
region of the fragment, or by deleting one or more nucleotides 
from the fragment, or by Substituting one or more nucleotides 
of the nucleic acid fragment. For example, by adding or 
deleting one or two or three nucleotides from the 5'-end of a 
base nucleic acid fragment and inserting the base fragment 
and each mutated fragment produced therefrom into an 
expression vector, the first codon becomes positioned at dif 
ferent locations relative to the translation start site such that 
each three forward reading frame is used. 
0079. In another embodiment, selecting nucleic acid frag 
ments having Sufficiently different nucleotide sequences 
comprises cloning a nucleic acid fragment in a reverse orien 
tation relative to the orientation of the fragment in the context 
of the gene from which it was derived. In accordance with this 
embodiment, a reverse open reading frame is used. 
0080. In another embodiment, selecting nucleic acid frag 
ments having Sufficiently different nucleotide sequences 
comprises deleting a nucleic acid fragment having a sequence 
that is over represented in the genome or in the expression 
library. For example, it is preferred to delete or remove 
nucleic acid fragments comprising highly repetitive nucle 
otide sequences, or additional copies of nucleic acid frag 
ments that are repeated in a genome (ie., to remove nucleic 
acid fragments comprising redundant nucleotide sequences 
of multiple copy or high copy number genes). It is to be 
understood that “redundant nucleotide sequences' does not 
include each and every copy of a repeated sequence, since it 
is preferred to leave at least one copy of such sequences in the 
nucleic acid fragment pool used to construct the expression 
library of the present invention. 
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0081. Accordingly, a preferred embodiment of the present 
invention provides a method of constructing an expression 
library for expressing a polypeptide having a conformation 
Sufficient for binding to a target protein or nucleic acid, said 
method comprising: 
0082 (a) producing nucleic acid fragments from nucleic 
acids derived from one or two or more microorganisms or 
eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome; 

0083) (b) selecting nucleic acid fragments from the frag 
ments at (a) that have sufficiently different nucleotide 
sequences thereby enhancing nucleotide sequence diver 
sity among the selected fragments compared to the diver 
sity of sequences in the genome; and 

0084 (c) inserting the selected fragments at (b) into a 
Suitable expression construct thereby producing recombi 
nant constructs, wherein each fragment is in operable con 
nection with a promoter sequence that is capable of con 
ferring expression of that fragment. 

0085. In an alternative embodiment, the present invention 
provides a method of constructing an expression library for 
expressing a polypeptide having a conformation Sufficient for 
binding to a target protein or nucleic acid, said method com 
prising: 
I0086 (a) producing nucleic acid fragments from nucleic 

acids derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microor 
ganisms or eukaryotes having a Substantially sequenced 
genome; 

0087 (b) selecting nucleic acid fragments from the frag 
ments at (a) that have sufficiently different nucleotide 
sequences thereby enhancing nucleotide sequence diver 
sity among the selected fragments compared to the diver 
sity of sequences in the genome; and 

0088 (c) inserting the selected fragments at (a) into a 
Suitable expression vector in an amount proportional to the 
size of the genome from which the fragments were derived 
thereby producing recombinant constructs, wherein each 
fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 

0089. In a particularly preferred embodiment, the present 
invention provides a method of constructing an expression 
library for expressing a polypeptide having a conformation 
Sufficient for binding to a target protein or nucleic acid, said 
method comprising: 
0090 (a) producing nucleic acid fragments from nucleic 
acids derived from one or two or more microorganisms or 
eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome; 

0091 (b) selecting nucleic acid fragments from the frag 
ments at (a) that have sufficiently different nucleotide 
sequences thereby enhancing nucleotide sequence diver 
sity among the selected fragments compared to the diver 
sity of sequences in the genome and selecting nucleic acid 
fragments from the fragments at (a) that encode a peptide 
having an average length of at least about 12-15 amino acid 
residues and/or encode a protein domain; and 

0092 (c) inserting the selected fragments at (b) into a 
Suitable expression construct thereby producing recombi 
nant constructs, wherein each fragment is in operable con 
nection with a promoter sequence that is capable of con 
ferring expression of that fragment. 
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0093. In an alternative particularly preferred embodiment, 
the present invention provides a method of constructing an 
expression library for expressing a polypeptide having a con 
formation Sufficient for binding to a target protein or nucleic 
acid, said method comprising: 
0094 (a) producing nucleic acid fragments from nucleic 
acids derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microor 
ganisms or eukaryotes having a Substantially sequenced 
genome; 

0.095 (b) selecting nucleic acid fragments from the frag 
ments at (a) that have sufficiently different nucleotide 
sequences thereby enhancing nucleotide sequence diver 
sity among the selected fragments compared to the diver 
sity of sequences in the genome and selecting nucleic acid 
fragments from the fragments at (a) that encode a peptide 
having an average length of at least about 12-15 amino acid 
residues and/or encode a protein domain; and 

0096 (c) inserting the selected fragments at (a) into a 
Suitable expression vector in an amount proportional to the 
size of the genome from which the fragments were derived 
thereby producing recombinant constructs, wherein each 
fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 

(0097. Preferably, if the library is to be expressed in either 
a cellular system or in an organism then the method of pro 
ducing an expression library in accordance with the present 
invention further comprises introducing the recombinant vec 
tor or recombinant gene construct into a host cell Such that a 
nucleic acid fragment contained therein is capable of being 
expressed as a peptide or protein domain having a conforma 
tion Sufficient for binding to target protein or nucleic acid. 
0098. A second aspect of the present invention relates to 
an expression library described according to the procedures 
described herein. Such libraries will comprise isolated 
nucleic acid fragments from one or two or more prokaryote or 
compact eukaryote genomes, wherein said fragments com 
prise, on average, an open reading frame of about 36 to about 
150 nucleotides or about 250 nucleotides in length or suffi 
cient to encode a single protein domain having a conforma 
tion Sufficient to bind to a target nucleic acid or target protein. 
Preferably, the fragments comprise nucleotide sequences that 
are non-redundant or alternatively, encode peptides or protein 
domains comprising non-redundantamino acid sequences. 
0099 Preferably, expression libraries comprising mix 
tures of nucleic acid fragments from 2 or 3 or 4 or 5 or 6 or 7 
or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 
or 19 or 20 prokaryote or compact eukaryote genomes. Pref 
erably, such mixed libraries are normalized. 
0100. The present invention also relates to the use of the 
expression libraries to isolate a nucleic acid that encodes a 
peptide or protein domain, in particular a peptide having a 
conformation Sufficient for binding to a target protein or 
target nucleic acid. In accordance with this aspect of the 
invention, the expression library of the present invention is 
screened to identify a peptide encoded by an inserted nucleic 
acid fragment of the library that binds to a target protein or 
target nucleic acid, Such as, for example to modulate a spe 
cific protein: DNA or protein: protein interaction or a structure 
Such as a cell wall or a membrane transport component. 
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0101. Accordingly, a further aspect of the present inven 
tion provides a method of determining a peptide that binds to 
a target nucleic acid or target protein comprising: 
0102 (a) screening an expression library of the present 
invention to identify a peptide expressed by the library that 
binds to the target protein or target nucleic acid; and 

0103 (b) selecting a peptide from (a) that does not bind to 
said target protein or nucleic acid in its native environment. 

0104 Screening approaches suitable for performing the 
invention include for example, a method selected from the 
group consisting of yeast-2-hybrid, n-hybrid, reverse-2-hy 
brid, reverse n-hybrid, split two hybrid, bacterial display, 
phage display, retroviral display, covalent display and in vitro 
display. In a particularly preferred embodiment, the expres 
sion library is screened using a phage display method. 
0105. Another aspect of the present invention provides an 
isolated peptide or protein domain that binds to an immuno 
globulin, wherein said immunoglobulin was not raised 
against the peptide or protein domain and wherein said pep 
tide or protein domain does not have a native function of the 
protein against which the immunoglobulin was prepared (ie., 
it is not functionally homologous and does not have the same 
primary structure as the peptide against which the immuno 
globulin was prepared). In one particularly preferred embodi 
ment, the peptide or protein domain binds to antibodies 
against an allergen, more preferably a pollen allergen and 
even more preferably against a Der p1 allergen. 
0106. This aspect of the present invention clearly extends 
to any isolated nucleic acid encoding the peptide or protein 
domain that binds to the immunoglobulin. 
0107 Another aspect of the present invention provides an 
isolated peptide or protein domain that partially or com 
pletely inhibits or antagonizes or blocks an interaction 
between two or more proteins in a cell. Preferably, the iso 
lated peptide or protein domain blocks an interaction between 
SCL and another protein, or between E47 and another pro 
tein. Even more preferably, the isolated peptide or protein 
domain blocks an interaction between SCL and E47 in a cell. 
In a particularly preferred embodiment, the isolated peptide 
comprises an amino acid sequence selected from the group 
consisting of SEQID NO: 63, SEQID NO: 65, SEQID NO: 
67, SEQID NO: 69, SEQID NO: 71, SEQID NO: 73, SEQ 
ID NO: 75, SEQID NO: 79 and SEQID NO: 81. 
0108. This aspect of the present invention clearly extends 
to any isolated nucleic acid encoding the peptide or protein 
domain that partially or completely inhibits orantagonizes or 
blocks an interaction between two or more proteins in a cell. 
Exemplary nucleic acids provided herein comprise a nucle 
otide sequence selected from the group consisting of: SEQID 
NO: 62, SEQID NO: 64, SEQID NO: 66, SEQID NO: 68, 
SEQID NO: 70, SEQ ID NO: 72, SEQID NO: 74, SEQ ID 
NO: 78 and SEQID NO: 80. 
0109 Another aspect of the present invention provides a 
database comprising the nucleotide sequences of nucleic acid 
fragments of an expression library of the present invention in 
computer readable form. 
0110. A related embodiment provides a database compris 
ingamino acid sequences of peptides encoded by nucleic acid 
fragments of the present invention. Preferably, the database 
incorporates information regarding the secondary structure of 
the peptides, including predicted structure or a structure as 
determined by X-ray crystallography or other empirical 
CaS. 
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0111. A further aspect of the present invention provides a 
method for determining or validating a target comprising 
0112 (a) screening an expression library of the present 
invention to identify a peptide expressed by the library that 
binds to a target protein or target nucleic acid; 

0113 (b) selecting a peptide from (a) that does not bind to 
said target protein or nucleic acid in its native environment; 
and 

0114 (c) expressing the selected peptide in an organism 
and determining a phenotype of the organism that is modu 
lated by the target protein or target nucleic acid. 

0.115. In a preferred embodiment, the target comprises a 
therapeutic or prophylactic target (eg., an oncoprotein or 
interaction between oncoproteins, a protein or nucleic acid 
associated with cancer (eg., a cancer marker) or other disease 
of an animal or human, or an antibacterial target, antihelm 
inthic target, antiparasitic target, or antiviral target. 
0116 For example, the phenotype of an organism that 
expresses a tumor is assayed in the presence and absence of a 
peptide or protein domain that blocks an interaction between 
SCL and E47 in a screen of the expression library of the 
invention. Amelioration of the oncogenic phenotype by the 
expressed peptide indicates that the SCL/E47 is a suitable 
target for intervention, wherein the peptide is then suitably 
formulated for therapeutic intervention directly, or alterna 
tively, small molecules are identified that are mimetics of the 
identified peptide or protein domain. 
0117. Accordingly, a further aspect of the present inven 
tion provides a method for identifying a therapeutic or pro 
phylactic compound comprising 
0118 (a) screening an expression library of the present 
invention to identify a peptide expressed by the library that 
binds to a target protein or target nucleic acid; 

0119 (b) selecting a peptide from (a) that does not bind to 
said target protein or nucleic acid in its native environment; 

0120 (c) expressing the selected peptide in an organism 
and determining a phenotype of the organism that is modu 
lated by the target protein or target nucleic acid; and 

I0121 (d) identifying a mimetic compound of a peptide 
that modulated the phenotype of the organism. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.122 FIG. 1 is a schematic representation showing a sim 
plified method of generating an expression library of the 
present invention, said library comprising nucleic acid frag 
ments from multiple evolutionary diverse organisms. Initially 
nucleic acids are isolated from Such organisms and pooled in 
Such a way as to ensure equal representation of each of the 
genomes. Degenerate PCR is then used to amplify sequences 
from the pool of the genomes, before specific PCR is used to 
further amplify these nucleic acid fragments in Such a way 
that they may be cloned into an expression vector. 
I0123 FIG. 2 is a photographic representation showing 
amplification products of random PCR amplification of 
genomic DNA isolated from Archaeoglobus filgidis, Aquifex 
aeliticus, Aeropyrum permix, Bacillus subtilis, Bordetella 
pertussis TOX6, Borrelia burgdorferi, Chlamydia tra 
chomati, Escherichia coli K12, Haemophilus influenzae (rd), 
Helicobacter pylori, Methanobacterium thermoautotrophi 
cum, Methanococcus jannaschii, Mycoplasma pneumoniae, 
Neisseria meningitidis, Pseudomonas aeruginosa, Pyrococ 
cus horikoshii, Synechocystis PCC 6803, Thermoplasma vol 
canium, and Thermotoga maritima. The molecular weight 
marker is shown on the far left. 



US 2012/0178649 A1 

0.124 FIG. 3 is a schematic representation of the 
pDEATH-Trp vector (SEQ ID NO:36). The pl)EATH-Trp 
vector comprises a minimal ADH promoter for constitutive 
expression of a nucleic acid inserted into the vector in yeast 
cells; a T7 promoter for expression of a nucleic acid fragment 
in bacterial cells; a nucleic acid encoding a SV-40 nuclear 
localization signal to force any expressed polypeptide into the 
nucleus of a yeast cell; a CYC1 terminator, for termination of 
transcription in yeast cells; a nucleic acid encoding a peptide 
conferring amplicillin resistance, for selection in bacterial 
cells; a nucleic acid encoding TRP1 which allows aux 
otrophic yeast to grow in media lacking tryptophan; a pUC 
origin of replication, to allow the plasmid to replicate in 
bacterial cells; and a 2L origin of replication, to allow the 
plasmid to replicate in yeast cells. 
0.125 FIG. 4 is a photographic representation showing 
nucleic acid fragments isolated from bacterial clones carrying 
the plEATH-Trp vector. The isolated vector was digested 
with the restriction endonuclease EcoRI and the resulting 
fragments electrophoresed. The molecular weight marker is 
shown on the far left and far right, and the text indicates the 
size range of the nucleic acid fragments in base pairs. 
0126 FIG. 5 is a schematic representation of the pFK 
vector (SEQID NO:60). Thep.FK vector comprises a GAL1 
promoter for inducible expression of a nucleic acid fragment 
in yeast cells; a nuclear localization signal to force any 
expressed polypeptide into the nucleus of a yeast cell; a 
nucleic acid encoding an activation domain derived from the 
B42 protein, to be expressed as a fusion with a polypeptide of 
interest in a 'n'-hybrid screen; an ADH terminator or termi 
nation of transcription in yeast cells; a 2L origin of replica 
tion, to allow the plasmid to replicate in yeast cells; an HIS5 
gene to allow auxotrophic yeast to grow in media lacking 
histidine; a nucleic acid encoding a peptide conferring ampi 
cillin resistance, for selection in bacterial cells; and a nucleic 
acid encoding a peptide conferring kanamycin resistance. 
0127 FIG. 6 is a schematic representation of the pDD 
vector (SEQID NO: 61). The pDD vector comprises a GAL1 
promoter for inducible expression of a nucleic acid fragment 
in yeast cells; a nucleic acid encoding a LEXA1 protein, to be 
expressed as a fusion with a polypeptide of interest in a 
“n'-hybrid screen; an ADH terminator or termination of tran 
Scription in yeast cells; a 2L origin of replication, to allow the 
plasmid to replicate in yeast cells; an HIS5 gene to allow 
auxotrophic yeast to grow in media lacking histidine; a 
nucleic acid encoding a peptide conferring amplicillin resis 
tance, for selection in bacterial cells; and a nucleic acid 
encoding a peptide conferring kanamycin resistance. 
0128 FIG. 7 is a schematic representation of a reverse 
two-hybrid screen to identify antagonists of the interaction of 
SCL/E47. Initially, yeast expressing a library of the present 
invention is mated to a yeast strain expressing E47 and SCL. 
From this screen 1000 clones were chosen that were able to 
grow on FOA plates. These were then screened to identify 
those clones that were notable to grow on LEU-plates. The 
plasmids that expressed putative antagonists of the SCL/E47 
interaction were then isolated and re-transformed into yeast 
to confirm their ability to block such an interaction. 
0129 FIG. 8 is a photographic representation showing 
library clones that have not expressed the URA3 counter 
selectable marker gene on yeast 0.04% FOA plates, and are 
able to grow on 5-FOA. 
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0.130 FIG. 9 is a photographic representation showing 
yeast colonies isolated from an initial reverse two-hybrid 
screen grown on media lacking leucine. The circled colonies 
are those that are not expressing the LEU2 selectable marker. 
Accordingly, it appears that these colonies express a peptide 
that inhibits the interaction of SCL and E47. 
I0131 FIG. 10 is a photographic representation of yeast 
colonies expressing the E47 bait and SCL prey proteins in 
addition to putative peptide inhibitors identified in a reverse 
two-hybrid screen. These were tested for blocking of the 
interaction through growing the colonies on media lacking 
uracil and media lacking leucine. In this way any putative 
peptide inhibitors were re-tested for the ability to block the 
interaction between SCL and E47. 
I0132 FIG. 11 is a graphical representation of the binding 
of phage-displayed peptides to the C-FLAG antibody using 
time resolved fluorescence analysis using a europium detec 
tion system. The column marked “T7-no insert” refers to a 
phage carrying a phage display vector with no insert. “T7 
FLAG” refers to a phage displaying the FLAG epitope, ie. a 
positive control. The column marked “BGF lysate' refers to a 
pool of random phage from the entire phage displayed library, 
and the columns marked “Ampl. Lys #1-3 refer to pools of 
phage isolated following consecutive rounds of biopanning 
with the O.-FLAG antibody. The remaining columns show the 
ability of individual phage displayed peptides to bind to the 
C.-FLAG antibody, with the first number referring to the 
round of biopanning from which the phage was isolated, and 
the second number the clone number. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

I0133) One aspect of the present invention provides a 
method of constructing an expression library for expressing a 
polypeptide having a conformation Sufficient for binding to a 
target protein or nucleic acid. 
I0134. As used herein, the term “expression library' shall 
be taken to mean a plurality of nucleic acids cloned into a 
recombinant expression vector such that the cloned DNA 
fragments are expressed to produce peptides or proteins. As 
used herein, the terms “expression”, “expressed’ or “express’ 
shall be taken to mean at least the transcription of a nucleotide 
sequence to produce a RNA molecule. The term “expression” 
“expressed’ or “express' further means the translation of said 
RNA molecule to produce a peptide, polypeptide or protein. 
I0135. As used herein, the term “having a conformation 
sufficient for binding to a target protein or nucleic acid shall 
be taken to mean that an expressed peptide is capable of 
achieving a secondary structure or conformation Sufficient for 
it to bind to a particular target protein or peptide or polypep 
tide, or alternatively, a target nucleic acid, preferably in the 
absence of a constraining peptide Such as, for example a Trx 
loop. Such an affinity is to be interpreted in its broadest 
context to include, for example, the formation of a peptide: 
peptide complex, a peptide:protein complex, an antigen:an 
tibody complex, and a peptide: nucleic acid complex. 
0.136. One preferred embodiment of the present invention 
relates to the production of nucleic acid fragments from the 
genome of one or two or more prokaryotes or compact 
eukaryotes, each of said microorganisms or compact eukary 
otes having a substantially sequenced genome. 
0.137 The term “fragment” as used herein, shall be under 
stood to mean a nucleic acid that is the same as part of, but not 
all of a nucleic acid that forms a gene. 
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0.138. As used herein, the term “gene' means the segment 
of nucleic acid, specifically DNA, capable of encoding a 
peptide or polypeptide, in the present context, a “nucleic acid 
fragment is include regions preceding and/or following the 
coding region of a naturally occurring gene, eg. 5' untrans 
lated or 3' untranslated sequences, as well as intervening 
sequences between individual coding sequences. 
0.139. It will be apparent from the disclosure herein that 
the nucleic acid fragments used to produce the expression 
libraries in accordance with the present invention do not 
necessarily encode the same protein or peptide as in their 
native context (ie. the gene from which they were derived). In 
fact, the nucleic acid fragments will generally encode a hith 
erto unknown peptide, particularly if derived from a non 
coding region of a native gene. All that is required is an open 
reading frame of Sufficient length to encode a peptide or 
protein domain. 
0140 Nucleic acid fragments are generated by one or 
more of a variety of methods well known to those skilled in 
the art. Such methods include, for example, a method of 
producing nucleic acid fragments selected from the group 
consisting of mechanical shearing (eg by Sonication or pass 
ing the nucleic acid through a fine gauge needle), digestion 
with a nuclease (eg Dnase 1), digestion with one or more 
restriction enzymes, preferably frequent cutting enzymes that 
recognize 4-base restriction enzyme sites and treating the 
DNA samples with radiation (eg. gamma radiation or ultra 
violet radiation). 
0141. In another embodiment, copies of nucleic acid frag 
ments isolated from one or two or more organisms are gen 
erated by polymerase chain reaction (PCR) using, for 
example, random or degenerate oligonucleotides. Such ran 
dom or degenerate oligonucleotides include restriction 
enzyme recognition sequences to allow for cloning of the 
amplified nucleic acid into an appropriate nucleic acid vector. 
Methods of generating oligonucleotides are well known in the 
art and are described, for example, in Oligonucleotide Syn 
thesis: A Practical Approach (M.J. Gait, ed., 1984) IRL Press, 
Oxford, whole of text, and particularly the papers therein by 
Gait, pp 1-22; Atkinson et al., pp 35-81; Sproat et al., pp 
83-115; and Wu et al., pp 135-151. Methods of performing 
PCR are also described in detail by McPherson et al., In: PCR 
A Practical Approach, IRL Press, Oxford University Press, 
Oxford, United Kingdom, 1991. 
0142. In a preferred embodiment, the nucleic acid frag 
ment comprises or consists of an open reading frame of nucle 
otides having a length Sufficient to encode a protein domain 
and preferably, a single protein domain. Examples of protein 
domains include, for example protein domains selected from 
the group comprising, helix-loop helix (HLH), leucine Zip 
per, zinc finger, SH2 domain, SH3 domain, WW domain, C2 
domain, and proline rich region (PRR), amongst others. 
0143. Several studies have shown that the smallest natural 
domains that are able to fold autonomously consist of about 
30 amino acids to about 50 amino acids in length (Yang, 
Biochemistry 38,465, 1999, Horng. Biochemistry, 41:13360, 
2002, Neidigh, Nature Structural Biology, 9:425, 2002). In 
this context, the term “autonomous' means independent of 
controlling factors, thus a protein that is able to fold autono 
mously does so in the absence of factors such as, for example 
disulphide bonds, ligand binding, or the use of a constraint 
Such as, for example a Trx loop. Accordingly, in one preferred 
embodiment of the present invention, the nucleic acid frag 
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ments of the expression library will consistofan open reading 
frame sufficient to encode a peptide of about 30-50 amino 
acids in length. 
0144. It is also known that factors such as disulphide 
bonds control the folding of the peptides. U.S. Pat. No. 6,361, 
969 and U.S. Pat. No. 6,083,715 describe the expression of 
protein disulphide isomerases to induce disulphide bond for 
mation in proteins. Studies by Vranken (In: Proteins, 47: 14 
24, 2002) have suggested that natural protein domains stabi 
lized by disulphide bonding can be as small as 15 to 25 amino 
acids in length. Accordingly, an alternative embodiment of 
the present invention uses nucleic acid fragments that consist 
of an open reading frame Sufficient to encode a peptide of 
about 15 amino acids to about 25 amino acids in length. 
0145. It will be apparent from the preceding description 
that the present invention preferably utilizes nucleic acid 
fragments having a length of about 45 to about 150 nucle 
otides in length or about 250 nucleotides in length. However, 
it is to be understood that some variation from this range is 
permitted, the only requirement being that, on average, 
nucleic acid fragments generated encode a protein domain or 
a peptide comprising about 15 to about 50 amino acids in 
length, and more preferably about 20 to about 50 amino acids 
in length and still more preferably about 30 to about 50 amino 
acids in length. 
0146 Methods of producing nucleic acid fragments and 
separating said fragments according to their molecular 
weight are well known in the art and include, for example, the 
fragmentation methods supra and a method of separation 
selected from the group comprising, agarose gel electro 
phoresis, pulse field gel electrophoresis, polyacrylamide gel 
electrophoresis, density gradient centrifugation and size 
exclusion chromatography. A number of other methods for 
separating DNA fragments by their size are known in the art 
and are described, for example in Sambrook et al (In: ). 
0147 The genomic nucleic acid is isolated from a variety 
of sources. In one preferred embodiment, genomic DNA is 
isolated from a prokaryotic organism. Exemplary prokaryotic 
Sources of nucleic acid fragments include, Aeropyrum permix, 
Agrobacterium tuneficians, Aquifex aeolicus, Archeglobus 
fiulgidis, Baccillus halodurans, Bacillus subtilis, Borrelia 
burgdorferi, Brucella melitensis, Brucella suis, Bruchnera 
sp., Caulobacter Crescentus, Campylobacter jejuni, Chlamy 
dia pneumoniae, Chlamydia pneumoniae, Chlamydia tra 
chomatis, Chlamydia muridarum, Chlorobium tepidum, 
Clostridium acetobutyllicum, Deinococcus radiodurans, 
Escherichia coli, Haemophilus influenzae Rd, Halobacte 
rium sp., Helicobacter pylori, Methanobacterium thermoau 
totrophicum, Lactococcus lactis, Listeria innocua, Listeria 
monocytogenes, Methanococcus jannaschii, Mesorhizobium 
loti, Mycobacterium leprae, Mycobacterium tuberculosis, 
Mycoplasma genitalium, Mycoplasma penetrans, Myco 
plasma pneumoniae, Mycoplasma pulmonis, Neisseria men 
ingitidis, Oceanobacillus iheyensis, Pasteurella multocida, 
Pseudomonas aeruginosa, Pseudomonas putida, Pyrococcus 
horikoshii, Rickettsia Conorii, Rickettsia prowazekii, Salmo 
nella typhi, Salmonella typhimurium, Shewanella Oneidensis 
MR-1, Shigella flexneri 2a, Sinorhizobium meliloti, Staphy 
lococcus aureus, Streptococcus agalactiae, Streptococcus 
agalactiae, Streptococcus mutans, Streptococcus pneumo 
niae, Streptococcus pyogenes, Streptomyces avermitilis, 
Streptomyces coelicolor, Sulfolobus solfataricus, Sulfolobus 
tokodai, Synechocystis sp., Thermoanaerobacter tengcon 
gensis, Thermoplasma acidophilum, Thermoplasma volca 
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nium, Thermotoga maritima, Treponema pallidum, Urea 
plasma urealyticum, Vibrio cholerae, Xanthomonas 
axonopodis pv. Citri, Xanthomonas campestrispV., Campes 
tris, Xylella fastidiosa, and Yersinia pestis. 
0148 Methods of isolating genomic DNA from prokary 
otic organisms are well known in the art and are described in, 
for example, Ausubel etal (In: Current Protocols in Molecu 
lar Biology. Wiley Interscience, ISBN 047 150338, 1987) or 
(Sambrook et al., In: ). 
0149. In an alternative embodiment, genomic nucleic acid 

is from a compact eukaryote. As used herein the term "com 
pact eukaryote” shall be taken to mean any organism of the 
Superkingdom Eukaryota that has a haploid genome size of 
less than about 1700 mega base pairs (Mbp), and preferably, 
less than 100 Mbp. Exemplary compact eukaryotes that are 
Suitable for this purpose include Arabidopsis thaliana, 
Anopheles gambiae, Brugia malayi, Caenorhabditis elegans, 
Danio rerio, Drosophila melanogaster, Eimeria tenella, 
Eimeria acervulina, Entamoeba histolytica, Oryzias latipes, 
Oryza sativa, Plasmodium falciparum, Plasmodium vivax, 
Plasmodium voeli, Sarcocystis Cruzi, Saccharomyces cer 
evesiae, Schizosaccharomyces pombe, Schistosoma mansoni, 
Takifugu rubripes, Theileria parva, Tetraodon fluviatilis, 
Toxoplasma gondii, Tryponosoma brucei, and Trypanosoma 
CFIZE. 

0150. Furthermore, it is preferred that said compact 
eukaryotes contain genomes have less repetitive nucleotide 
than, for example humans. Such information can be deter 
mined from information from NCBI or TIGR. 

0151. As used herein the term “NCBI' shall be taken to 
mean the database of the National Center for Biotechnology 
Information at the National Library of Medicine at the 
National Institutes of Health of the Government of the United 
States of America, Bethesda, Md., 20894. 
0152. As used herein the term “TIGR shall be taken to 
mean the database of The Institute of Genomic Research, 
Rockville, Md., 20850. 
0153. A preferred example of an organism having a com 
pact genome is the Japanese puffer fish, Takifugu rubripes. T. 
rubripes has a haploid genome size of approximately 400 
Mbp, with a gene density of about 16%. This is compared to 
the human genome, which has a size in excess of 3000Mbp of 
which only about 3% of nucleotide sequences encode pro 
teins. The absolute number of native genes in the T. rubripes 
genome is comparable to that in the human genome, Suggest 
ing fewer repetitive sequences occur in T. rubripes. This 
feature makes T. rubripes particularly useful as a source of 
nucleic acid fragments of the expression libraries of the 
present invention. This is because a nucleic acid fragment 
derived from the genome of a compact eukaryote has an 
increased probability of encoding a protein domain that is 
contained within a naturally occurring protein in its native 
context, compared to a sequence derived from a non-compact 
eukaryote. 
0154 It is to be understood that, whilst such native 
domains of proteins is expressed by the libraries of the inven 
tion, the invention is not limited to the expression of known 
protein domains. Moreover, it is to be understood that the 
expression libraries of the invention are screened using a 
process that excludes the selection of clones that encode a 
known protein domain having its native function. Accord 
ingly, the present invention is directed to products and pro 
cesses for isolating peptides having new or enhanced func 
tions. 
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0155 Methods of isolating genomic DNA from eukary 
otic organisms are well known in the art and are described in, 
for example, Ausubel etal (In: Current Protocols in Molecu 
lar Biology. Wiley Interscience, ISBN 047 150338, 1987) or 
(Sambrooketal (In: ). In a further embodiment of the present 
invention, the nucleic acid fragments are derived from com 
plimentary DNA (cDNA). Those skilled in the art will be 
aware that cDNA is generated by reverse transcription of 
RNA using, for example, avian reverse transcriptase (AMV) 
reverse transcriptase or Moloney Murine Leukemia Virus 
(MMLV) reverse transcriptase. Such reverse transcriptase 
enzymes and the methods for their use are well known in the 
art, and are obtainable in commercially available kits, such as, 
for example, the Powerscript kit (Clontech), the Superscript II 
kit (Invitrogen), the Thermoscript kit (Invitrogen), the Tita 
nium kit (Clontech), or Omniscript (Qiagen). 
0156 Methods of isolating mRNA from a variety of 
organisms are well known in the art and are described for 
example in, Ausubeletal (In: Current Protocols in Molecular 
Biology. Wiley Interscience, ISBN 047 150338, 1987) or 
Sambrook et al (In: ). 
(O157 Methods of generating cDNA from isolated RNA 
are also commonly known in the art and are described in for 
example, Ausubel et al (In: Current Protocols in Molecular 
Biology. Wiley Interscience, ISBN 047 150338, 1987) or 
(Sambrook et al (In: ). 
0158. In a preferred embodiment, the nucleic acid frag 
ments generated from RNA or cDNA are normalized to 
reduce any bias toward more highly expressed genes. Meth 
ods of normalizing nucleic acids are well known in the art, 
and are described for example in, Ausubel et al (In: Current 
Protocols in Molecular Biology. Wiley Interscience, ISBN 
047 150338, 1987) or Sambrooketal (In: Molecular Cloning: 
Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor Laboratories, New York. Third Edition 2001) and Soares 
et al Curr. Opinion Biotechnol 8, 542-546, 1997, and refer 
ences cited therein. One of the methods described by Soares 
uses reassSociation-based kinetics to reduce the bias of the 
library toward highly expressed sequences. Alternatively, 
cDNA is normalized through hybridization to genomic DNA 
that has been bound to magnetic beads, as described in Kopc 
Zynski et al. Proc. Natl. Acad. Sci. USA,95(17), 9973-9978, 
1998. This provides an approximately equal representation of 
cDNA sequences in the eluant from the magnetic beads. 
Normalized expression libraries produced using cDNA from 
one or two or more prokaryotes or compact eukaryotes are 
clearly contemplated by the present invention. 
0159. In a particularly preferred embodiment, the nucleic 
acid fragments are derived from a prokaryote and/or compact 
eukaryote having a substantially sequenced genome. An 
advantage of using Such fragments is that bioinformatic data 
can be assembled and used to provide more complete infor 
mation about the composition of a library than would be 
possible using uncharacterized libraries. This facilitates the 
generation of DNA arrays containing sequences derived from 
many or all of the nucleic acid fragments of the library. 
Methods used in the generation and screening of DNA arrays 
are well known in the art and are described in for example, 
Schena (In: Microarray Analysis, John Wiley and Sons, 
ISBN: 0471414433, 2002). The use of DNA arrays in the 
high-throughput analysis of the screening of a biodiverse 
nucleic acid fragment to determine the sequences of positive 
clones is particularly contemplated. 
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0160. As used herein “substantially sequenced genome’ 
shall be taken to mean that at least about 60% of the genome 
has been sequenced. More preferably at least about 70% of 
the genome has been sequenced, and more preferably at least 
about 75% of the genome has been sequenced. Even more 
preferably at least about 80% of the genome has been 
sequenced. 
0161 Methods for determining the amount of a genome 
that has been sequenced are well known in the art. Further 
more, information regarding those sequences that have been 
sequenced is readily obtained from publicly available 
sources, such as, for example, the databases of NCBI or 
TIGR, thereby facilitating determination of the diversity of 
the genome. 
0162. Organisms having a Substantially sequenced 
genome include, for example, an organism selected from the 
group consisting of Aeropyrum permix, Agrobacterium 
tuneficians, Anopheles gambiae, Aquifex aeolicus, Arabi 
dopsis thaliana, Archeglobus fiulgidis, Baccillus halodurans, 
Bacillus subtilis, Borrelia burgdorferi, Brucella melitensis, 
Brucella suis, Bruchnera sp., Brugia malayi, Caenorhabditis 
elegans, Caulobacter crescentus, Campylobacter jejuni, 
Chlamydia pneumoniae, Chlamydia pneumoniae, Chlamy 
dia trachomatis, Chlamydia muridarum, Chlorobium tepi 
dum, Clostridium acetobutylicum, Danio rerio, Deinococcus 
radiodurans, Drosophila melanogaster, Eimeria tenella, 
Eimeria acervulina, Entamoeba histolytica, Escherichia coli, 
Haemophilus influenzae Rd, Halobacterium sp., Helico 
bacter pylori, Methanobacterium thermoautotrophicum, 
Lactococcus lactis, Listeria innocua, Listeria monocytoge 
nes, Methanococcus jannaschii, Mesorhizobium loti, Myco 
bacterium leprae, Mycobacterium tuberculosis, Mycoplasma 
genitalium, Mycoplasma penetrans, Mycoplasma pneumo 
niae, Mycoplasma pulmonis, Neisseria meningitidis, 
Oceanobacillusiheyensis, Oryzias latipes, Oryza sativa, Pas 
teurella multocida, Plasmodium falciparum, Plasmodium 
vivax, Plasmodium voelii, Pseudomonas aeruginosa, 
Pseudomonas putida, Pyrococcus horikoshii, Rickettsia 
Conorii, Rickettsia prowaZekii, Saccharomyces cerevisiae, 
Salmonella typhi, Salmonella typhimurium, Sarcocystis 
cruzi, Schistosoma mansoni, Schizosaccharomyces pombe, 
Shewanella Oneidensis MR-1, Shigella flexneri 2a, Sinorhizo 
bium meliloti, Staphylococcus aureus, Streptococcus agalac 
tiae, Streptococcus agalactiae, Streptococcus mutans, Strep 
to COCC tiS pneumoniae, Streptococcus pyogenes, 
Streptomyces avermitilis, Streptomyces coelicolor, Sulfolo 
bus solfataricus, Sulfolobus tokodai, Synechocystis sp., Tak 
ifugu rubripes, Tetraodon fluviatilis, Theileria parva, Ther 
moanaerobacter tengCOngensis, Thermoplasma 
acidophilum, Thermoplasma volcanium, Thermotoga mari 
tinia, Toxoplasma gondii, Treponema pallidum, Trypono 
Soma brucei, Trypanosoma Cruzi Ureaplasma urealyticum, 
Vibrio cholerae, Xanthomonas axonopodis pv. Citri, Xanth 
Omonas campestris pv. Campestris, Xvlella fastidiosa, and 
Yersinia pestis. 
0163. In a particularly preferred embodiment, nucleic acid 
fragments are selected that have sufficiently different or 
divergent nucleotide sequences to thereby enhance nucle 
otide sequence diversity among the selected fragments com 
pared to the diversity of sequences in the genome from which 
they were derived. 
0164. In one embodiment a nucleic acid fragment is 
selected such that the encoded polypeptide varies by one or 
more amino acids with regard to the amino acid sequence of 
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the polypeptide encoded by another fragment in the library, a 
process that is facilitated using genomes that are substantially 
sequenced. 
0.165. In an alternative embodiment, the nucleotide 
sequence of a nucleic acid fragment is mutated by a process 
Such that the encoded peptide varies by one or more amino 
acids compared to the “template nucleic acid fragment. The 
“template may have the same nucleotide sequence as the 
original nucleic acid fragment in its native context (ie. in the 
gene from which it was derived). Alternatively, the template 
may itself be an intermediate variant that differs from the 
original nucleic acid fragment as a consequence of mutagen 
esis. Mutations include at least one nucleotide difference 
compared to the sequence of the original fragment. This 
nucleic acid change may result in for example, a different 
amino acid in the encoded peptide, or the introduction or 
deletion of a stop codon. Accordingly, the diversity of the 
nucleic acids of the expression library and the encoded 
polypeptides is enhanced by Such mutation processes. 
0166 In one embodiment, the nucleic acid fragments are 
modified by a process of mutagenesis selected from the group 
consisting of mutagenic PCR, expressing the nucleic acid 
fragment in a bacterial cell that induces a random mutation, 
site directed mutagenesis and expressing a nucleic acid frag 
ment in a host cell exposed to a mutagenic agent Such as for 
example radiation, bromo-deoxy-uridine (BrdU), ethylnitro 
surea (ENU), ethylmethanesulfonate (EMS) hydroxylamine, 
or trimethyl phosphate amongst others. 
0167. In a preferred embodiment, the nucleic acid frag 
ments are modified by amplifying a nucleic acid fragment 
using mutagenic PCR. Such methods is include a process 
selected from the group consisting of: (i) performing the PCR 
reaction in the presence of manganese; and (ii) performing the 
PCR in the presence of a concentration of dNTPs sufficient to 
result in misincorporation of nucleotides. 
0168 Methods of inducing random mutations using PCR 
are well known in the art and are described, for example, in 
Dieffenbach (ed) and Dveksler (ed) (In: PCR Primer: A Labo 
ratory Manual, Cold Spring Harbour Laboratories, NY. 
1995). Furthermore, commercially available kits for use in 
mutagenic PCR are obtainable, Such as, for example, the 
Diversify PCR Random Mutagenesis Kit (Clontech) or the 
GeneMorph Random Mutagenesis Kit (Stratagene). 
0169. In one embodiment, PCR reactions are performed in 
the presence of at least about 200 uM manganese or a salt 
thereof, more preferably at least about 300 uM manganese or 
a salt thereof, or even more preferably at least about 500 LM 
or at least about 600 uM manganese or a salt thereof. Such 
concentrations manganese ion or a manganese salt induce 
from about 2 mutations per 1000 base pairs (bp) to about 10 
mutations every 1000 bp of amplified nucleic acid (Leung et 
al Technique 1, 11-15, 1989). 
0170 In another embodiment, PCR reactions are per 
formed in the presence of an elevated or increased or high 
concentration of dGTP. It is preferred that the concentration 
of dGTP is at least about 25uM, or more preferably between 
about 50 uM and about 100 uM. Even more preferably the 
concentration of dGTP is between about 100 uM and about 
150 uM, and still more preferably between about 150 uMand 
about 200 uM. Such high concentrations of dGTP result in the 
misincorporation of nucleotides into PCR products at a rate of 
between about 1 nucleotide and about 3 nucleotides every 
1000 bp of amplified nucleic acid (Shafkhani et al BioTech 
niques 23, 304-306, 1997). 
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0171 PCR-based mutagenesis is preferred for the muta 
tion of the nucleic acid fragments of the present invention, as 
increased mutation rates is achieved by performing additional 
rounds of PCR. 

0172. In another preferred embodiment, the nucleic acid 
of the expression library is mutated by inserting said nucleic 
acid into a host cell that is capable of mutating nucleic acid. 
Such host cells are deficient in one or more enzymes, such as, 
for example, one or more recombination or DNA repair 
enzymes, thereby enhancing the rate of mutation to a rate that 
is rate approximately 5,000 to 10,000 times higher than for 
non-mutant cells. Strains particularly useful for the mutation 
of nucleic acids carry alleles that modify or inactivate com 
ponents of the mismatch repair pathway. Examples of Such 
alleles include alleles selected from the group consisting of 
mutY. mutM, mutD, mutT, mutA, mutC and mutS. Bacterial 
cells that carry alleles that modify or inactivate components 
of the mismatch repair pathway are well known in the art, 
such as, for example the XL-1 Red, XL-mutS and XL-mutS 
Kan bacterial cells (Stratagene). 
0173 Alternatively the nucleic acid fragments are cloned 
into a nucleic acid vector that is preferentially replicated in a 
bacterial cell by the repair polymerase, Pol I. By way of 
exemplification, a Pol I variant strain will induce a high level 
of mutations in the introduced nucleic acid vector, thereby 
enhancing sequence diversity of the nucleic acid used to 
generate the expression library of the present invention. Such 
a method is described by Fabret et al (In: Nucl Acid Res, 28. 
1-5 2000), which is incorporated herein by reference. 
0.174. In a further preferred embodiment the mutated 
nucleic acid fragments are combined with the non-mutated 
fragments from which they were derived, for subcloning into 
an expression vector. In this way, the nucleotide diversity of 
the expression library of the present invention is enhanced, as 
is the diversity of the conformations of the expressed peptides 
and proteins. 
0.175. In another embodiment, the sequence diversity of a 
nucleic acid fragment is increased, such as, for example, 
using a synthetic shuffling technique. Such as, for example, 
the process described by Ness etal, Nature Biotechnology, 20, 
1251-1255, 2002, which is incorporated herein by reference. 
In adapting Such a technique to the present invention, func 
tionally homologous nucleic acid fragments are selected from 
the expression library, using methods described herein. By 
“functionally homologous' in this context means that the 
selected fragments bind to the same target protein or target 
nucleic acid. The amino acid sequence of each peptide that 
binds to the target is determined using methods well known in 
the art, and the sequences are aligned using an algorithm well 
known in the art. A consensus sequence is determined from 
the alignment that provides for highly conserved residues, as 
well as elucidating those residues that are structurally similar 
albeit not strictly conserved. The structural features of the 
peptides are also derived using X-ray crystallography and/or 
computer-based modelling procedures. Accordingly, the 
divergence in the identified peptides from an individual 
screen permits the identification of both primary and second 
ary structural features that are required for binding to the 
target protein or target nucleic acid to occur. Based upon the 
bioinformatic data obtained, oligonucleotides (eg. degener 
ate oligonucleotides or non-degenerate oligonucleotides as 
appropriate) are designed that encode all of the possible pep 
tides that bind to the target protein or target nucleic acid. 
These oligonucleotides are then assembled using PCR 
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employing multiple rounds of amplification, to generate a 
plurality of nucleic acids encoding all possible peptide com 
binations. Accordingly, an amino acid sequence that is not 
normally found in nature is produced. 
0176). In a further embodiment, a significant proportion of 
the nucleic acid fragments are cloned into a gene construct in 
at least two forward open reading frames, and preferably 
three forward open reading frames, to thereby enhance the 
number of divergent peptides or proteins that are encoded by 
a particular nucleic acid fragment. In this context, the term 
“significant proportion” means at least about 30% to 50%, 
preferably at least about 40% to 60%, more preferably at least 
about 50% to 70%, still more preferably at least about 60% to 
80% and still more preferably greater than about 70% or 80% 
of the total nucleic acid fragments that are subcloned success 
fully into a suitable gene construct such that more than one 
open reading frame can be utilized for expression. As will be 
known to those skilled in the art, procedures for cloning a 
single nucleic acid into a gene construct in multiple reading 
frames are well known. 
0177 Particularly preferred methods of subcloning a 
nucleic acid fragment in multiple three reading frames com 
prise a process selected from the group consisting of: 
0.178 (a) ligating the nucleic acid fragment to a linker or 
adaptor. Such as for example, one or more linkers modified 
to contain an additional one or two or three base pairs, or a 
multiple of one or two or three nucleotides; 

0179 (b) Placing each nucleic acid fragment operably 
under the control of a Kozak consensus sequence and at 
different distances therefrom (eg. one or two or three nucle 
otides or a multiple of one or two or three nucleotides) from 
said Kozak consensus sequence; 

0180 (c) Placing a fragment under control of sequences 
that confer transcriptional and/or translational slippage. 

0181. By ligating the nucleic acid fragment to a linker or 
adaptor, the number of introduced nucleotides can be varied 
Such that a significant proportion of the nucleic acid frag 
ments are introduced into an expression vector or gene con 
struct in at least two and preferably three reading frames. 
Linkers or adaptors are ligated to the 5'-end of the nucleic acid 
fragment such that, on average, a different length linker or 
adaptor is added to each nucleic acid fragment having the 
same sequence. This is generally achieved by varying the 
relative proportions of each linker/adaptor to the nucleic acid 
fragments. Naturally, each linker/adaptor of differing length 
is generally in equimolar concentration in the ligation reac 
tion, and the total concentration of linker/adaptor 3'-ends is 
held in equimolar concentration to the total concentration of 
5'-ends of the nucleic acid fragments being ligated. Methods 
of ligating adaptors to nucleic acids are well known in the art 
and are described in for example, Ausubel et al (In: Current 
Protocols in Molecular Biology. Wiley Interscience, ISBN 
047 150338, 1987) or Sambrooketal (In: Molecular Cloning: 
Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor Laboratories, New York, Third Edition 2001). 
0182. As an alternative to separately adding the linkers/ 
adaptors to the nucleic acid fragments prior to Subcloning into 
a suitable gene construct, a Suitable gene construct is used that 
comprises additional nucleotides 3' of a translation initiation 
signal, and provides for Sub-cloning of nucleic acid fragments 
in each reading frame. As will be known to those skilled in the 
art, each reading frame in a gene construct is generally 
accessed by digesting the gene construct with a different 
restriction endonuclease and then Sub-cloning nucleic acid 
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fragments into the digested, linearized vector. By “sub-clon 
ing' means a process involving or comprising a ligation reac 
tion. 
0183 Alternatively, site directed mutagenesis is used to 
introduce additional nucleotides after the translation initia 
tion site of the gene construct. Methods of site-directed 
mutagenesis are well known in the art, and are described for 
example, in Dieffenbach (eds) and Dveksler (ed) (In: PCR 
Primer: A Laboratory Manual, Cold Spring Harbour Labora 
tories, NY, 1995). Furthermore, kits containing instruction 
and reagents necessary for site-directed mutagenesis are 
commercially available, such as, for example, the 
Quikchange site directed mutagenesis kit (Stratagene). 
0184 Furthermore, expression vectors are commercially 
available that have been modified to includean additional one 
or two nucleotides after the transcription start codon to allow 
for cloning of a nucleic acid in at least two and preferably 
three reading frames. Such vectors include, for example, the 
pcDNA (A, B, or C) vector suite (Invitrogen). 
0185. By positioning each nucleic acid fragment so that 
expression is placed operably under the control of a Kozak 
consensus sequence and at different distances therefrom, a 
significant proportion of the nucleic acid fragments is 
inserted into the vector in at least two and preferably three 
reading frames. A preferred Kozak sequence has the core 
sequence RNNATG (SEQID NO: 1), wherein R is a purine 
(ie. A or G) and N is any nucleotide. A particularly preferred 
Kozak sequence for expression of a polypeptide in eukaryotic 
cells comprises the sequence CCRCCATG (SEQID NO: 2) 
or GCCAGCCATGG (SEQ ID NO:3). A preferred Kozak 
sequence for the expression of polypeptides in plants is 
CTACCATG (SEQID NO: 4). 
0186 A Kozak consensus sequence is generated using 
synthetic oligonucleotides in a process that is well known in 
the art and described, for example, in, Oligonucleotide Syn 
thesis: A Practical Approach (M.J. Gait, ed., 1984) IRL Press, 
Oxford, whole of text, and particularly the papers therein by 
Gait, pp 1-22; Atkinson et al., pp 35-81; Sproat et al., pp 
83-115; and Wu et al., pp 135-151. Alternatively a Kozac 
sequence is isolated from a natural or recombinant source 
using methods well known in the art, such as for example 
using from the group, restriction enzyme digestion or PCR. 
0187. In one embodiment, the Kozak sequence is gener 
ated as an oligonucleotide or nucleic acid fragment and then 
ligated 5' of the nucleic acid fragment (ie. the nucleic acid 
fragment being Sub-cloned). Methods of ligating Such oligo 
nucleotides or fragments are well known in the art and are 
described in for example, Ausubeletal (In: Current Protocols 
in Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987) or (Sambrook et al (In: Molecular Cloning: Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labora 
tories, New York, Third Edition 2001). As with other liga 
tions, the total concentration of nucleic acid of each ligating 
species (ie. the Kozak containing fragment and the nucleic 
acid) should preferably be equimolar. Naturally to ensure that 
a significant proportion of nucleic acid fragments are ligated 
in each reading frame, the Kozak-containing fragments of 
differing length should also be present in approximately 
equimolar concentration. 
0188 As an alternative to separately adding the Kozak 
consensus sequence oligonucleotide or fragment to the 
nucleic acid fragment prior to Subcloning into a suitable vec 
tor, an expression vector is used that comprises a translation 
start site and provides for Subcloning of nucleic acid frag 
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ments in each reading frame. As will be known to those 
skilled in the art, each reading frame in Such a vector is 
generally accessed by digesting the vector with a different 
restriction enzyme and then subcloning fragments into the 
digested, linearized vector. 
0189 When the nucleic acid fragment of the present 
invention is to be expressed in prokaryotic cells, it is particu 
larly preferred that the Kozak sequence of the above embodi 
ments is replaced with a ribosome binding sequence, or Shine 
Dalgarno sequence. A particularly preferred Shine Dalgarno 
sequence consists of nucleic acids having the nucleotide 
sequence GAAGAAGATA (SEQ ID NO:5). 
0190. By placing a fragment under control of sequences 
that confer transcriptional and/or translational slippage is 
meant that the fidelity of the start site for transcription and/or 
translation is reduced Such that translation is initiated at dif 
ferent sites. Accordingly, such a sequence is cause the expres 
sion of several different polypeptides. 
0191 In one embodiment translational slippage (or trans 
lational frameshifting) is induced using nucleic acid compris 
ing of the consensus sequence NNNNNNN, wherein 
N represents any nucleotide and all nucleotides represented 
by N are the same nucleotide, all nucleotides represented by 
N are the same nucleotide. In accordance with this embodi 
ment, N and/or N and/or N are the same or different. A 
particularly preferred translational slippage sequence for use 
in a eukaryote will comprise a sequence selected from the 
group consisting of AAAAAAC (SEQ ID NO: 6), 
AAATTTA (SEQ ID NO: 7), AAATTTT (SEQ ID NO: 8), 
GGGAAAC (SEQID NO:9), GGGCCCC (SEQID NO: 10), 
GGGTTTA (SEQID NO: 11), GGGTTTT (SEQID NO:12), 
TTTAAAC (SEQID NO: 13), TTTAAAT (SEQID NO: 14), 
TTTTTA (SEQ ID NO: 15), and GGATTTA (SEQ ID NO: 
16). In an alternative embodiment, a sequence that induces 
translational slippage in yeast is CTTAGGC (SEQ ID NO: 
17) or GCGAGTT (SEQID NO: 18). In yet another embodi 
ment a sequence that induces translational slippage in mam 
mals is TCCTGAT (SEQID NO:19). 
0.192 In another embodiment, a translational slippage 
sequences for use in prokaryotic organisms includes, but is 
not limited to S sequence selected from the group consisting 
of AAAAAAG (SEQID NO:20), AAAAAAA (SEQID NO: 
21), AAAAAAC (SEQ ID NO: 22), GGGAAAG (SEQ ID 
NO. 23), AAAAGGG (SEQID NO:24), GGGAAAA (SEQ 
ID NO: 25), TTTAAAG (SEQ ID NO: 26) and AAAGGGG 
(SEQ ID NO: 27). It is particularly preferred that this trans 
lational slippage sequence is positioned about 7 to about 19 
nucleotides downstream of a Shine Dalgarno sequence. In an 
alternative embodiment, a nucleic acid that induces transla 
tional slippage in bacterial cells comprises the nucleotide 
sequence CTT (SEQ ID NO: 28), and is positioned 3 nucle 
otides upstream of a Shine Dalgarno sequence controlling the 
expression of the nucleic acid fragment. 
0193 A translational slippage sequence is generated using 
synthetic oligonucleotides, or isolated from a natural or 
recombinant source, for example the prfB gene, the dnaX 
gene, the mammalian ornithine decarboxylase antizyme, in 
addition to various retroviruses, coronaviruses, retrotrans 
posons, virus-like sequences in yeast, bacterial genes and 
bacteriophage genes. Such a sequence is isolated using a 
method that is well known in the art, Such as for example, 
restriction enzyme digestion or PCR. 
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0194 It is preferred that sequences that confer transla 
tional slippage are ligated to the 5'-end of the nucleic acid 
fragment in the same manner as for adaptor addition. Meth 
ods of ligating adaptors are well known in the art and are 
described in for example, Ausubeletal (In: Current Protocols 
in Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987) or (Sambrook et al (In: Molecular Cloning: Molecular 
Cloning: A Laboratory Manual, Cold Spring Harbor Labora 
tories, New York, Third Edition 2001). 
0.195. It is also preferred that the sequences that confer 
transcriptional or translational slippage are incorporated into 
the expression vector or gene construct into which the nucleic 
acid fragment is inserted. Such that it is positioned upstream 
(ie. 5") of the translational start site in the fragment. 
0196. In another embodiment, transcriptional slippage is 
induced by the introduction of a stretch of nucleotides with a 
sequence Such as, for example, To or A9. Transcriptional 
slippage sequences are preferably cloned downstream (ie. 3') 
of the site of initiation of transcription. It is also preferred to 
position a transcriptional slippage sequence upstream (5') of 
a translational start site in the nucleic acid fragment. Accord 
ingly, the transcriptional slippage sequence is included in the 
expression vector or gene construct into which the nucleic 
acid fragment is inserted. 
0.197 Accordingly, the nucleic acids that form the tran 
Scriptional slippage sequence is ligated to the 5' end of a 
nucleic acid fragment, in conjunction with a translation start 
site. 
(0198 It will be apparent from the preceding description 
that the transcriptional slippage sequence is incorporated into 
the expression vector or gene construct upstream of the trans 
lation start site, and downstream of the site of initiation of 
transcription. 
0199 Preferably, the nucleic acid fragments derived from 
the prokaryote or compact eukaryote genome are inserted 
into a gene construct in both the forward and/or reverse ori 
entation, such that 1 or 2 or 3 or 4 or 5 or 6 open reading 
frames of said nucleic acid fragments are utilized. Methods of 
bi-directionally inserting fragments into vectors are well 
known in the art. 
0200. It will be apparent to the skilled artisan that, by 
Sub-cloning the nucleic acid fragments in multiple reading 
frames into a suitable expression vector, it is possible to 
encode a peptide or protein domain that does not occur in 
nature, as well as producing a variety of natural peptide 
domains. Accordingly, the diversity of the nucleic acids of the 
expression library and their encoded peptides are greatly 
enhanced in these modified nucleic acid fragment expression 
libraries. 
0201 In a preferred embodiment, the expression libraries 
of the present invention are normalized to remove any redun 
dant nucleic acid from the genome. As cited herein the term 
“redundant nucleic acid' shall be taken to mean those nucleic 
acid fragments having the same sequence. Such as, for 
example, high copy number or repetitive sequences. Nucleic 
acid fragments derived from multiple homologous 
sequences, whether derived from the same or a different spe 
cies can be subject to normalization to reduce the presence of 
redundant sequences in the expression library. Similarly, 
nucleic acid fragments derived from repetitive DNA and 
nucleic acid fragments derived from pseudogenes can be 
subject conveniently to normalization. Methods of normaliz 
ing libraries to remove redundant nucleic acid are well known 
in the art and are described, for example, by Ausubel et al., In: 
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Current Protocols in Molecular Biology. Wiley Interscience, 
ISBN 047 150338, 1987, or Diversa Corporation (U.S. Pat. 
No. 5,763,239), or Sambrook et al., In: Molecular Cloning: 
Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor Laboratories, New York, Third Edition 2001, or Bonaldo 
et al., Genome Res. 6(9), 791-806, 1997. In one embodiment, 
the nucleic acid fragments are subjected to hydroxyapatite 
chromatography to remove redundant or highly repetitive 
sequences. The Success of Such a normalization process can 
be determined, for example, by hybridizing labelled non 
normalized and normalized DNA to Southern blots of 
genomic DNA and comparing the amount of label bound to 
each blot. The amount of bound label is comparable to the 
amount of hybridized DNA. A reduced hybridization signal 
for normalized libraries indicates that iterative sequences 
have been reduced in the normalized pool. 
0202 In one embodiment the nucleic acids used to pro 
duce the expression libraries of the present invention are 
isolated from a single organism. In this case, nucleic acid 
fragments are generated from nucleic acid derived from a 
distinct prokaryote or compact eukaryote. 
0203. In another embodiment of the present invention the 
nucleic acids are derived from two or more prokaryotes and/ 
or compact eukaryotes including any and all combinations 
thereof. 
0204. It is especially preferred that the prokaryote(s) and/ 
or compact eukaryote(s) used to produce expression libraries 
from combined genomes are evolutionally diverse organisms. 
As used herein the term "evolutionary diverse' shall be taken 
to mean those organisms that when compared at the genetic 
level, show a significant degree of genetic diversity. As used 
herein the term “significant degree of genetic diversity' shall 
be taken to mean, that the genes of the prokaryotes or compact 
eukaryotes differ, by at least about 10% to 30% at the nucleic 
acid level. More preferably the genetic sequences of the 
prokaryotes or compact eukaryotes differ by at least about 
30% to 40% at the nucleic acid level. More preferably the 
genetic sequences of the prokaryotes or compact eukaryotes 
differ by at least about 50% at the nucleic acid level. More 
preferably the genetic sequences of the prokaryote or com 
pact eukaryotes differ by at least about 70% at the nucleic acid 
level, or more preferably at least about 80% at the nucleic acid 
level or 90% at the nucleic acid level. 

0205. In determining whether or not two nucleotide 
sequences fall within these defined percentage identity limits, 
those skilled in the art will be aware that it is possible to 
conduct a side-by-side comparison of the nucleotide 
sequences. In such comparisons or alignments, differences 
will arise in the positioning of non-identical residues depend 
ing upon the algorithm used to perform the alignment. In the 
present context, references to percentage identities and simi 
larities between two or more nucleotide sequences shall be 
taken to refer to the number of identical and similar residues 
respectively, between said sequences as determined using any 
standard algorithm known to those skilled in the art. In par 
ticular, nucleotide identities and similarities are calculated 
using software of the Computer Genetics Group, Inc., Uni 
versity Research Park, Maddison, Wis., United States of 
America, eg., using the GAP program of Devereaux et al., 
Nucl. Acids Res. 12,387-395, 1984, which utilizes the algo 
rithm of Needleman and Wunsch, J. Mol. Biol. 48, 443-453, 
1970. Alternatively, the CLUSTALW algorithm of Thomp 
son et al., Nucl. Acids Res. 22, 4673-4680, 1994, is used to 
obtain an alignment of multiple sequences, wherein it is nec 
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essary or desirable to maximize the number of identical/ 
similar residues and to minimize the number and/or length of 
sequence gaps in the alignment. Nucleotide sequence align 
ments can also be performed using a variety of other com 
mercially available sequence analysis programs, such as, for 
example, the BLAST program available at NCBI. 
0206. In an alternative embodiment, the genetic sequences 
of the prokaryotes or compact eukaryotes fail to cross hybrid 
ize in a standard Cot analysis. The skilled artisan will be 
aware that standard Cot analyzes determine the similarity 
between two nucleotide sequences at the nucleotide level by 
using renaturation kinetics of the corresponding nucleic 
acids (eg. Britten and Kohne Science, 161, 529-540, 1968). 
0207. Where more than one substantially sequenced 
genome used to produce the expression library of the present 
invention, it is also preferred that the fragments from each 
distinct prokaryote or compact eukaryote are used in an 
amount proportional to the complexity and size of the genome 
of said prokaryote or compact eukaryote. As the genomes of 
the prokaryotes and/or compact eukaryotes are substantially 
sequenced the approximate size of said genome's is deter 
mined. Accordingly, library is normalized to ensure that the 
amount of nucleic acids from all of the incorporated genomes 
to the final expression library is equal. In a particularly pre 
ferred embodiment, the nucleic acid fragment expression 
libraries are normalized such that nucleic acid fragments 
from each of the prokaryotes or compact eukaryotes are 
incorporated in equimolar amounts. In one exemplified 
embodiment, the sizes (in Mbp or molecular weight) of the 
genomes to be used in the expression library are compared 
and nucleic acid from each genome is used in an amount that 
is proportional to the ration of genome size to the size of the 
Smallest contributing genome for the library. For example, the 
genome of T. rubripes is about 400 Mb in size, compared to 
the genome of A. thaliana, which is only about 120 Mb. 
Accordingly, for a combination of genomic T. rubripes and A. 
thaliana nucleic acid fragments, the ration of T. rubripes 
nucleic acid fragments to A. thaliana nucleic acid fragments 
would be about 4:1.2 (w/w). The relative contributions of 
nucleic acid fragments for constructing expression libraries 
from multiple genomes are readily calculated from the infor 
mation presented in Table 1. 

TABLE 1. 

Sizes of genomes of organisms from which nucleic acid fragments 
are derived for construction of expression libraries 

Source of nucleic acid fragments Approx. genome size (Mb) 

Aeropyrim pernix 1.6-1.7 
Agrobacterium pernix 1.67 
Anopheles gambiae 26-27 
Arabidopsis thaliana 120 
Aquifex aeolicits 15-16 
Archaeoglobits fitigidis 1.7 
Bacilius subtiis 4.2 
Bordeteila pertissis 3.91 
Borelia afzelii O.95 
Borelia garinii O.95 
Borrelia burgdorferi O.91-0.96 
Brugia malayi 100 
Bruceiia Suis 3.29 
Buchnera sp. O.64 
Caenorhabditis elegans 97-102 
Campylobacterieitini 1.64 
Cattiobacter crescenius 4.01 
Chlamydia muridarum 1.07 
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TABLE 1-continued 

Sizes of genomes of organisms from which nucleic acid fragments 
are derived for construction of expression libraries 

Source of nucleic acid fragments Approx. genome size (Mb) 

Chlamydia pneumoniae 122 
Chlamydia trachomatis 1.0-1.1 
Chlorobium tepidum 2.10 
Chiostridium acetobutyllicum 4.1 
Danio perio 1700 
Deinococcus radiodurans 3.28 
Drosophila melanogaster 120 
Eimeria acervuina 70 
Eimeria tenelia 70 
Entamoeba hystolitica 40 
Escherichia coi 4.6–5.6 
Haemophilus influenzae 1.83 
Halobacterium sp. 2.57 
Helicobacter pylori 1.66 
Lactococci is lactiis 2.36 
Listeria innoctia 3.01 
Listeria monocytogenes 2.94 
Mesorhizobium ioti 7.59 
Methanobacterium thermoautotrophicum 1.75 
Methanococcus jannaschii 1.66 
Mycobacterium leprae 2.8 
Mycobacterium tuberculosis 4.4 
Mycoplasma genitalitim S8 
Mycoplasma penetrans 1.36 
Mycoplasma pneumoniae O.81 
Mycoplasma pulmonis O.96 
Neisseria meningitidis 2.18-2.27 
Oceanobacillusiheyensis 3.6 
Oryza sativa 400 
Pastureia mitocida 2.4 
Plasmodium berghei 25 
Plasmodium falciparum 25 
Plasmodium voeli 23 
Piasmodium vivax 30 
Pseudomonas aeruginosa 6.3 
Pseudomonas puttida 6.1 
Pyrococcus horikoshi 1.74 
Ricketsia prowazeki 1.1 
Saccharomyces cerevesiae 13.0 
Salmonella typhi 4.8 
Salmonella typhimurium 4.8 
Sarcocystis cruzi 2O1 
Schizosaccharomyces pombe 13.8-14.O 
Schistosoma mansoni 270 
Shewanaia Oneidensis 5.14 
Shigella flexneri 4.7 
Sinorhizobium meioti 6.7 
Staphylococcii attrelts 2.8 
Streptococci is agaiaciae 2.21 
Streptococci is mutans 2.03 
Streptococci is pneumoniae 2.2 
Streptococci is pyogenes 1.85 
Streptomyces avermitiis 9 
Streptomyces coelicolor 8.7 
Sulfolobus solfatanicus 2.99 
Sulfolobus tokodaii 2.81 
Synechocystis PCC 6803 3.57 
Takifigit rubripes 400 
Thermoplasma volcanium 1.56-1.58 
Thermoanaerobacter tengcongensis 2.69 
Thermoplasma acidophilum 1.56 
Thermoplasma volcanium 1.58 
Thermotoga maritima 18O 
Thermotoga pallidum 1.14 
Toxoplasma gondii 89 
Trypanosoma brucei 35 
Trypanosoma Cruzi 40 
Ureaplasma trealytictim 0.75 
Vibrio choierae 4 
Xanthomonas axonopodis 5.17 
Xanthomonas Campestris 5.07 
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TABLE 1-continued 

Sizes of genomes of organisms from which nucleic acid fragments 
are derived for construction of expression libraries 

Source of nucleic acid fragments Approx. genome size (Mb) 

Xylella fastidiosa 2.68 
Yersinia pestis 4.65 

0208 Preferred combinations of genomes are selected 
from the group consisting of 
a) nucleic acid fragments derived from two organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifugu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
b) nucleic acid fragments derived from three organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fiulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
c) nucleic acid fragments derived from four organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
d) nucleic acid fragments derived from five organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
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e) nucleic acid fragments derived from six organisms selected 
from the group consisting of Aeropyrum permix, Anopheles 
gambiae, Arabidopsis thaliana, Aquifex aeolicus, Archaeo 
globus fulgidis, Bacillus subtilis, Bordetella pertussis, Bor 
relia burgdorferi, Caenorhabditis elegans, Chlamydia tra 
chomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
f) nucleic acid fragments derived from seven organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
g) nucleic acid fragments derived from eight organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
h) nucleic acid fragments derived from nine organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
i) nucleic acid fragments derived from ten organisms selected 
from the group consisting of Aeropyrum permix, Anopheles 
gambiae, Arabidopsis thaliana, Aquifex aeolicus, Archaeo 
globus fulgidis, Bacillus subtilis, Bordetella pertussis, Bor 
relia burgdorferi, Caenorhabditis elegans, Chlamydia tra 
chomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
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Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
j) nucleic acid fragments derived from eleven organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
k) nucleic acid fragments derived from twelve organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
1) nucleic acid fragments derived from thirteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
m) nucleic acid fragments derived from fourteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
n) nucleic acid fragments derived from fifteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
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ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
o) nucleic acid fragments derived from sixteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
p) nucleic acid fragments derived from seventeen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifugu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
q) nucleic acid fragments derived from eighteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
r) nucleic acid fragments derived from nineteen organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
S) nucleic acid fragments derived from twenty organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
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coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
t) nucleic acid fragments derived from twenty one organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
u) nucleic acid fragments derived from twenty two organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
V) nucleic acid fragments derived from twenty three organ 
isms selected from the group consisting of Aeropyrum 
pernix, Anopheles gambiae, Arabidopsis thaliana, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Caenorhabditis 
elegans, Chlamydia trachomatis, Danio rerio, Drosophila 
melanogaster; Escherichia coli, Haemophilus influenzae, 
Helicobacter pylori, Methanobacterium thermoautotrophi 
cum, Methanococcus jannaschii, Mycoplasma pneumoniae, 
Neisseria meningitidis, Pseudomonas aeruginosa, Pyrococ 
cus horikoshii, Saccharomyces cerevesiae, Schizosaccharo 
myces pombe, Synechocystis PCC 6803, Takifiugu rubripes, 
Thermoplasma volcanium, and Thermotoga maritima, 
w) nucleic acid fragments derived from twenty four organ 
isms selected from the group consisting of Aeropyrum 
pernix, Anopheles gambiae, Arabidopsis thaliana, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Caenorhabditis 
elegans, Chlamydia trachomatis, Danio rerio, Drosophila 
melanogaster; Escherichia coli, Haemophilus influenzae, 
Helicobacter pylori, Methanobacterium thermoautotrophi 
cum, Methanococcus jannaschii, Mycoplasma pneumoniae, 
Neisseria meningitidis, Pseudomonas aeruginosa, Pyrococ 
cus horikoshii, Saccharomyces cerevesiae, Schizosaccharo 
myces pombe, Synechocystis PCC 6803, Takifiugu rubripes, 
Thermoplasma volcanium, and Thermotoga maritima, 
X) nucleic acid fragments derived from twenty five organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
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pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima, 
y) nucleic acid fragments derived from twenty six organisms 
selected from the group consisting of Aeropyrum permix, 
Anopheles gambiae, Arabidopsis thaliana, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Caenorhabditis elegans, Chlamy 
dia trachomatis, Danio rerio, Drosophila melanogaster, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Saccharomyces cerevesiae, Schizosaccharomyces pombe, 
Synechocystis PCC 6803, Takifigu rubripes, Thermoplasma 
volcanium, and Thermotoga maritima; and 
Z) nucleic acid fragments derived from twenty seven organ 
isms selected from the group consisting of Aeropyrum 
pernix, Anopheles gambiae, Arabidopsis thaliana, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Caenorhabditis 
elegans, Chlamydia trachomatis, Danio rerio, Drosophila 
melanogaster; Escherichia coli, Haemophilus influenzae, 
Helicobacter pylori, Methanobacterium thermoautotrophi 
cum, Methanococcus jannaschii, Mycoplasma pneumoniae, 
Neisseria meningitidis, Pseudomonas aeruginosa, Pyrococ 
cus horikoshii, Saccharomyces cerevesiae, Schizosaccharo 
myces pombe, Synechocystis PCC 6803, Takifiugu rubripes, 
Thermoplasma volcanium, and Thermotoga maritima. 
0209. In a particularly preferred embodiment, the nucleic 
acid fragments are derived from the organisms Aeropyrum 
pernix, Anopheles gambiae, Arabidopsis thaliana, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Caenorhabditis 
elegans, Chlamydia trachomatis, Danio rerio, Drosophila 
melanogaster; Escherichia coli, Haemophilus influenzae, 
Helicobacter pylori, Methanobacterium thermoautotrophi 
cum, Methanococcus jannaschii, Mycoplasma pneumoniae, 
Neisseria meningitidis, Pseudomonas aeruginosa, Pyrococ 
cus horikoshii, Saccharomyces cerevesiae, Schizosaccharo 
myces pombe, Synechocystis PCC 6803, Takifiugu rubripes, 
Thermoplasma volcanium, and Thermotoga maritima. 
0210. In a particularly preferred embodiment, nucleic acid 
fragments derived from the following bacteria are combined 
into a single expression library: Aeropyrum permix, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Chlamydia trachomatis, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Synechocystis PCC 6803, Thermoplasma volcanium and 
Thermotoga maritima. 
0211. The nucleic acid fragments, unmodified or modified 
by the addition of one or more linkers, adaptors, Kozak con 
taining oligonucleotides, Kozak containing fragments, or 
nucleic acids comprising a sequence that confers transcrip 
tional or translational slippage, are placed in operable con 
nection with a promoter sequence, thereby producing a 
recombinant gene construct. 
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0212. The term “gene construct” is to be taken in its broad 
est context and includes a promoter sequence that is placed in 
operable connection with a nucleic acid fragment of the 
present invention. The nucleic acid comprising the promoter 
sequence is isolated using techniques well known in the art, 
such as for example PCR or restriction digestion. Alterna 
tively the nucleic acid comprising the promoter sequence is 
synthetic, that is an oligonucleotide. The methods of produc 
ing oligonucleotides are well known in the art and are 
described, for example, in Oligonucleotide Synthesis: A 
Practical Approach (M. J. Gait, ed., 1984) IRL Press, Oxford, 
whole of text, and particularly the papers therein by Gait, pp 
1-22; Atkinson et al., pp 35-81; Sproat et al., pp 83-115; and 
Wu et al., pp 135-151. 
0213. The term “promoter' is to be taken in its broadest 
context and includes the transcriptional regulatory sequences 
of a genomic gene, including the TATA box or initiator ele 
ment, which is required for accurate transcription initiation, 
with or without additional regulatory elements (ie. upstream 
activating sequences, transcription factor binding sites, 
enhancers and silencers) which alter gene expression in 
response to developmental and/or external stimuli, or in a 
tissue specific manner. In the present context, the term “pro 
moter is also used to describe a recombinant, synthetic or 
fusion molecule, or derivative which confers, activates or 
enhances the expression of a nucleic acid molecule to which 
it is operably linked, and which encodes the peptide or pro 
tein. Preferred promoters can contain additional copies of one 
or more specific regulatory elements to further enhance 
expression and/or alter the spatial expression and/or temporal 
expression of said nucleic acid molecule. 
0214. Placing a nucleic acid molecule under the regulatory 
control of, ie., “in operable connection with', a promoter 
sequence means positioning said molecule such that expres 
sion is controlled by the promoter sequence. Promoters are 
generally positioned 5' (upstream) to the coding sequence that 
they control. To construct heterologous promoter/structural 
gene combinations, it is generally preferred to position the 
promoter at a distance from the gene transcription start site 
that is approximately the same as the distance between that 
promoter and the gene it controls in its natural setting, ie., the 
gene from which the promoter is derived. As is known in the 
art, Some variation in this distance can be accommodated 
without loss of promoter function. Similarly, the preferred 
positioning of a regulatory sequence element with respect to 
a heterologous gene to be placed under its control is defined 
by the positioning of the element in its natural setting, ie., the 
gene from which it is derived. Again, as is known in the art, 
Some variation in this distance can also occur. 
0215 Typical promoters suitable for expression in viruses 
of bacterial cells and bacterial cells such as for example a 
bacterial cell selected from the group comprising E. coli, 
Staphylococcus sp. Corynebacterium sp., Salmonella sp., 
Bacillus sp., and Pseudomonas sp., include, but are not lim 
ited to, the lacz promoter, the Ipp promoter, temperature 
sensitive v or promoters, T7 promoter, T3 promoter, SP6 
promoter or semi-artificial promoters such as the IPTG-in 
ducible tac promoter or lacUV5 promoter. A number of other 
gene construct systems for expressing the nucleic acid frag 
ment of the invention in bacterial cells are well-known in the 
art and are described for example, in Ausubeletal (In: Current 
Protocols in Molecular Biology. Wiley Interscience, ISBN 
047 150338, 1987), U.S. Pat. No. 5,763,239 (Diversa Corpo 
ration) and (Sambrooketal (In: Molecular Cloning: Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratories, New York. Third Edition 2001). 
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0216) Typical promoters suitable for expression in yeast 
cells such as for example a yeast cell selected from the group 
comprising Pichia pastoris, S. cerevisiae and S. pombe, 
include, but are not limited to, the ADH1 promoter, the GAL1 
promoter, the GAL4 promoter, the CUP1 promoter, the PHO5 
promoter, the nmt promoter, the RPR1 promoter, or the TEF1 
promoter. 
0217. Typical promoters suitable for expression in insect 
cells, or in insects, include, but are not limited to, the OPEI2 
promoter, the insect actin promoter isolated from Bombyx 
muri, the Drosophila sp. dsh promoter (Marsh etal Hum. Mol. 
Genet. 9, 13-25, 2000) and the inducible metallothionein 
promoter. Preferred insect cells for expression of the recom 
binant polypeptides include an insect cell selected from the 
group comprising, BT1-TN-5B1-4 cells, and Spodoptera fru 
giperda cells (eg. Sf19 cells, sf21 cells). Suitable insects for 
the expression of the nucleic acid fragments include but are 
not limited to Drosophila sp. The use of S. frugiperda is also 
contemplated. 
0218. Promoters for expressing peptides in plant cells are 
known in the art, and include, but are not limited to, the 
Hordeum vulgare amylase gene promoter, the cauliflower 
mosaic virus 35S promoter, the nopaline synthase (NOS) 
gene promoter, and the auxin inducible plant promoters P1 
and P2. 
0219 Typical promoters suitable for expression in a virus 
of a mammalian cell, or in a mammalian cell, mammalian 
tissue or intact mammal include, for example a promoter 
selected from the group consisting of, retroviral LTR ele 
ments, the SV40 early promoter, the SV40 late promoter, the 
cytomegalovirus (CMV) promoter, the CMV IE (cytomega 
lovirus immediate early) promoter, the EF promoter (from 
human elongation factor 1C), the EM7 promoter, the UbC 
promoter (from human ubiquitin C). 
0220 Preferred mammalian cells for expression of the 
nucleic acid fragments include epithelial cells, fibroblasts, 
kidney cells, T cells, or erythroid cells, including a cell line 
selected from the group consisting of COS, CHO, murine 
10T, MEF, NIH3T3, MDA-MB-231, MDCK, HeLa, K562, 
HEK 293 and 293T. The use of neoplastic cells, such as, for 
example, leukemic/leukemia cells, is also contemplated 
herein. 

0221 Preferred mammals for expression of the nucleic 
acid fragments include, but are not limited to mice (ie., Mus 
sp.) and rats (ie., Rattus sp.). 
0222. In one embodiment, nucleic acid comprising a pro 
moter sequence is ligated to a nucleic acid fragment from the 
prokaryote or compact eukaryote, or a modified form thereof, 
using techniques well known in the art. 
0223. In another embodiment, nucleic acid comprising a 
promoter sequence is modified by the addition of one or more 
linkers, adaptors, Kozak containing oligonucleotides, Kozak 
containing fragments, or nucleic acids comprising a sequence 
that confers transcriptional or translational slippage and 
ligated to a nucleic acid fragment from the prokaryote or 
compact eukaryote using techniques well known in the art. 
0224. In yet another embodiment, nucleic acid comprising 
a promoter sequence is incorporated into an oligonucleotide 
with or without another nucleic acid comprising one or more 
spacers, Kozak sequences, or nucleic acids comprising a 
sequence that confers transcriptional or translational slip 
page. 
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0225 Preferably, the oligonucleotide comprises a nucle 
otide sequence that is complementary or homologous to a 
region flanking the nucleic acid fragment from the prokaryote 
or compact eukaryote, Such as, for example, an adaptor. Such 
a complementary or homologous sequence permits oligo 
nucleotide primers to be used for amplifying nucleic acid 
comprising a promoter region and means for ribosome bind 
ing (such as for example a Kozak sequence or Shine-Dal 
garno sequence) and the nucleic acid fragment as a single 
fragment. In this manner, a gene construct comprising a pro 
moter sequence, means for ribosome binding and a nucleic 
acid fragment is readily constructed using the amplified 
nucleic acid. 
0226. In an alternative embodiment, a nucleic acid com 
prising a promoter sequence is incorporated into an oligo 
nucleotide with or without another nucleic acid comprising 
one or more spacers, Kozak sequences, or nucleic acids com 
prising a sequence that confers transcriptional or translational 
slippage, and said oligonucleotide is operably linked to a 
nucleic acid fragment of the present invention by, for 
example, ligation. 
0227. As will be known to the skilled artisan, the promoter 

is also be positioned in the expression vector or gene con 
struct into which the prokaryote or eukaryote nucleic acid 
fragment is inserted. 
0228. In one embodiment, the nucleic acid fragments are 
expressed in vitro. According to this embodiment, the gene 
construct preferably comprises a nucleic acid fragment of the 
prokaryote or compact eukaryote, and a promoter sequence 
and appropriate ribosome binding site which is both be 
present in the expression vector or added to said nucleic acid 
fragment before it is inserted into the vector. Typical promot 
ers for the in vitro expression of the nucleic acid fragments of 
the present invention include, but are not limited to the T3 or 
T7 (Hanes and Plückthun Proc. Natl. Acad. Sci. USA, 94 
4937-4942 1997) bacteriophage promoters. 
0229. In another embodiment, the gene construct option 
ally comprises a transcriptional termination site and/or a 
translational termination codon. Such sequences are well 
known in the art, and is incorporated into oligonucleotides 
used to amplify the nucleic acid fragment of the prokaryote or 
compact eukaryote, or alternatively, present in the expression 
vector or gene construct before the nucleic acid fragment is 
inserted. 
0230. In another embodiment, the gene construct is an 
expression vector. The term “expression vector” refers to a 
nucleic acid molecule that has the ability conferexpression of 
a nucleic acid fragment to which it is operably connected, in 
a cellor in a cell free expression system. Within the context of 
the present invention, it is to be understood that an expression 
vector may comprise a promoter as defined herein, a plasmid, 
bacteriophage, phagemid, cosmid, virus Sub-genomic or 
genomic fragment, or other nucleic acid capable of maintain 
ing and or replicating heterologous DNA in an expressible 
format. Many expression vectors are commercially available 
for expression in a variety of cells. Selection of appropriate 
vectors is within the knowledge of those having skill in the art. 
0231 Typical expression vectors for in vitro expression or 
cell-free expression have been described and include, but are 
not limited to the TNT T7 and TNT T3 systems (Promega), 
the pEXP1-DEST and pEXP2-DEST vectors (Invitrogen). 
0232) Numerous expression vectors for expression of 
recombinant polypeptides in bacterial cells and efficient ribo 
Some binding sites have been described, such as for example, 
PKC30 (Shimatake and Rosenberg, Nature 292, 128, 1981): 
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pKK173-3 (Amann and Brosius, Gene 40, 183, 1985), pET-3 
(Studier and Moffat, J. Mol. Biol. 189, 113, 1986); the pCR 
vector suite (Invitrogen), pGEM-T Easy vectors (Promega), 
the pl. expression vector suite (Invitrogen) the pBAD/TOPO 
or pBAD/thio- TOPO series of vectors containing an arabi 
nose-inducible promoter (Invitrogen, Carlsbad, Calif.), the 
latter of which is designed to also produce fusion proteins 
with a Trx loop for conformational constraint of the expressed 
protein; the pFLEX series of expression vectors (Pfizer nc., 
CT, USA); the pOE series of expression vectors (QIAGEN, 
CA, USA), or the pl. series of expression vectors (Invitro 
gen), amongst others. 
0233 Expression vectors for expression in yeast cells are 
preferred and include, but are not limited to, the paCT vector 
(Clontech), the plBleu-X vector, the pPIC vector suite (Invit 
rogen), the pGAPZ vector suite (Invitrogen), the pHYB vec 
tor (Invitrogen), the pYD1 vector (Invitrogen), and the 
pNMT1, pNMT41, pNMT81 TOPO vectors (Invitrogen), the 
pPC86-Y vector (Invitrogen), the pRH series of vectors (In 
vitrogen), pYESTrp series of vectors (Invitrogen). Particu 
larly preferred vectors are the pACT vector, pIDBleu-X vec 
tor, the pHYB vector, the pPC86 vector, the pRH vector and 
the pYES vectors, which are all of use in various 'n'-hybrid 
assays described herein. Furthermore, the pYD1 vector is 
particularly useful in yeast display experiments in S. cereve 
siae. A number of other gene construct systems for expressing 
the nucleic acid fragment of the invention in yeast cells are 
well-known in the art and are described for example, in Giga 
Hama and Kumagai (In: Foreign Gene Expression in Fission 
Yeast: Schizosaccharomyces Pombe, Springer Verlag, ISBN 
3540632700, 1997) and Guthrie and Fink (In: Guide to Yeast 
Genetics and Molecular and Cell Biology Academic Press, 
ISBN 0121822540, 2002). 
0234. A variety of suitable expression vectors, containing 
Suitable promoters and regulatory sequences for expression 
in insect cells are well known in the art, and include, but are 
not limited to the pAC5 vector, the plS47 vector, the pMT 
vector suite (Invitrogen) and the piB vector suite (Invitrogen). 
0235 Furthermore, expression vectors comprising pro 
moters and regulatory sequences for expression of polypep 
tides in plant cells are also well known in the art and include, 
for example, a promoter selected from the group, pSS, 
pB1121 (Clontech), pZ01502, and pPCV701 (Kuncz et al. 
Proc. Natl. Acad. Sci. USA, 84 131-135, 1987). 
0236 Expression vectors that contain suitable promoter 
sequences for expression in mammalian cells or mammals 
include, but are not limited to, the pcDNA vector suite Sup 
plied by Invitrogen, the pCI vector suite (Promega), the 
pCMV vector suite (Clontech), the pM vector (Clontech), the 
pSI vector (Promega), the VP16 vector (Clontech) and the 
pDISPLAY vectors (Invitrogen). The pDISPLAY vectors are 
of particular use in mammalian display studies with the 
expressed nucleic acid fragment targeted to the cell Surface 
with the Igk leader sequence, and bound to the membrane of 
the cell through fusion to the PDGFR transmembrane 
domain. The pM and VP16 vectors are of particular use in 
mammalian two-hybrid studies. 
0237 Methods of cloning DNA into nucleic acid vectors 
for expression of encoded polypeptides are well known in the 
art and are described for example in, Ausubeletal (In: Current 
Protocols in Molecular Biology. Wiley Interscience, ISBN 
047 150338, 1987) or Sambrooketal (In: Molecular Cloning: 
Molecular Cloning: A Laboratory Manual, Cold Spring Har 
bor Laboratories, New York, Third Edition 2001). 
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0238. The nucleic acid fragments of the present invention 
is also be expressed in the cells of other organisms, or entire 
organisms including, for example, nematodes (eg C. elegans) 
and fish (eg D. rerio, and T. rubripes). Promoters for use in 
nematodes include, but are not limited to osm-10 (Faberetal 
Proc. Natl. Acad. Sci. USA 96, 179-184, 1999), unc-54 and 
myo-2 (Satyaletal Proc. Natl. Acad. Sci. USA,975750-5755, 
2000). Promoters for use in fish include, but are not limited to 
the Zebrafish OMP promoter, the GAP43 promoter, and sero 
tonin-N-acetyl transferase gene regulatory regions 
0239. In a preferred embodiment, the expression library of 
the present invention is transcribed and translated in vitro. 
Methods of transcribing nucleic acid fragments and translat 
ing the resulting mRNA are well known in the art and are 
described for example, in Ausubeletal (In: Current Protocols 
in Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987), U.S. Pat. No. 5,763,239 (Diversa Corporation) and 
(Sambrooketal (In: Molecular Cloning: Molecular Cloning: 
A Laboratory Manual, Cold Spring Harbor Laboratories, 
New York, Third Edition 2001), for example the use of E. coli 
S30 lysate (available in kit for from Promega). 
0240. In a preferred embodiment the gene construct con 
tains a second nucleic acid in operable connection with a 
nucleic acid fragment of the present invention. This second 
nucleic acid encodes a fusion partner. As used herein the term 
“fusion partner shall be understood to mean a polypeptide 
sequence that is associated with a peptide encoded by a 
nucleic acid fragment of the present invention. Such a fusion 
partner confers a common function or ability upon all 
polypeptides encoded by the expression library. Suitable 
fusion partners include, but are not limited to, presentation 
structures, polypeptides that facilitate the uptake of peptides 
into target cells, polypeptides that cause nuclear localisation, 
polypeptides that cause secretion, polypeptides that cause 
mitochondrial localisation, polypeptides that cause mem 
brane localisation, or a combination of any of these 
Sequences. 
0241. Without Suggesting that Such a process is essential 

to the invention, a peptide encoded by the expression library 
of the present invention can also be expressed such that it is 
conformationally constrained, or expressed in a "presentation 
structure'. Such constraint, whilst not generally necessary for 
expressing protein domains or peptides having a conforma 
tion Sufficient to bind to a target protein or target nucleic acid, 
is useful for displaying peptides that comprise more highly 
flexible sequences, or to enhance stability against proteolytic 
enzymes (Humphrey et al., Chem Rev 97, 2243-2266, 1997). 
0242 A presentation structure will generally comprise a 

first component, ie. polypeptide, that is fused to the amino 
terminus of the polypeptide and a second component fused to 
the carboxyl-terminus of the peptide. Examples of such pre 
sentation structures include, but are not limited to, cysteine 
linked (disulfide) structures, zinc-finger domains, cyclic pep 
tides, and transglutaminase linked structures. 
0243 In a preferred embodiment, the presentation struc 
ture is a sequence that contains at least two cysteine residues, 
such that a disulphide bond is formed between the cysteine 
residues, resulting in a conformationally constrained peptide. 
0244. In another embodiment, a peptide encoded by an 
expression library of the present invention is expressed within 
a second polypeptide as a fusion protein. Polypeptides used 
for such purposes are capable of reducing the flexibility of 
another protein's amino and/or carboxyl termini. Preferably, 
such proteins provide a rigid scaffold or platform for the 
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protein. In addition, Such proteins preferably are capable of 
providing protection from proteolytic degradation and the 
like, and/or are capable of enhancing solubility. Preferably, 
conformation-constraining proteins are Small in size (gener 
ally, less than or equal to about 200 amino acids in length), 
rigid in structure, of known three-dimensional configuration, 
and are able to accommodate insertions of proteins without 
undue disruption of their structures. A key feature of such 
proteins is the availability, on their solvent exposed Surfaces, 
of locations where peptide insertions can be made (eg., the 
Trx loop). It is also preferable that conformation-constraining 
protein producing genes be highly expressible in various 
prokaryotic and eukaryotic hosts, or in Suitable cell-free sys 
tems, and that the proteins be soluble and resistant to protease 
degradation. 
0245 Examples of conformation-constraining proteins 
include the active site of thioredoxin or Trx loop and other 
thioredoxin-like proteins, nucleases (eg. RNase A), pro 
teases (eg., trypsin), protease inhibitors (eg. bovine pancre 
atic trypsin inhibitor), antibodies or structurally rigid frag 
ments thereof, conotoxins, and the pleckstrin homology 
domain. A conformation-constraining peptide can be of any 
appropriate length and can even be a single amino acid resi 
due 
0246 This technique has been successfully used for bac 

terial display of peptides in bacteria using a Trx scaffold 
(Blum et al Proc. Natl. Acad. Sci. USA97, 2241-2246 2000) 
in addition to the use in yeast 2 hybrid screening using either 
a catalytically inactive form of staphylococcal nuclease, or 
Trx (Norman etal, Science, 285,591-595, 1999; and Colas et 
al, Nature 380, 548-550, 1996). 
0247. In another embodiment the expression vector or 
gene construct is optionally comprise a transcriptional termi 
nator that is operative in the expression system. Furthermore, 
the gene construct is also comprise a nucleic acid comprising 
the sequence of a polyadenylation signal operative in the 
expression system. 
0248. It is preferred that when the gene constructs are to be 
introduced to and/or maintained and/or propagated and/or 
expressed in bacterial cells, either during generation of said 
gene constructs, or screening of said gene constructs, that the 
gene constructs contain an origin of replication that is oper 
able at least in a bacterial cell. A particularly preferred origin 
of replication is the ColE1 origin of replication. A number of 
gene construct systems containing origins of replication are 
well-known in the art and are described for example, in 
Ausubel et al (In: Current Protocols in Molecular Biology. 
Wiley Interscience, ISBN 047 150338, 1987), U.S. Pat. No. 
5,763.239 (Diversa Corporation) and (Sambrook et al (In: 
Molecular Cloning: Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratories, New York. Third 
Edition 2001). 
0249. It is also preferred that when the gene constructs are 
to be introduced to and/or maintained and/or propagated and/ 
or expressed in yeast cells, either during generation of said 
gene constructs, or screening of said gene constructs, that the 
gene constructs contain an origin of replication that is oper 
able at least in a yeast cell. One preferred origin of replication 
is the CEN/ARS4 origin of replication. Another particularly 
preferred origin of replication is the 2-micron origin of rep 
lication. A number of gene construct systems containing ori 
gins of replication are well-known in the art and are described 
for example, in Ausubel et al (In: Current Protocols in 
Molecular Biology. Wiley Interscience, ISBN 047 150338, 
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1987) and (Sambrook et al (In: Molecular Cloning: Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratories, New York. Third Edition 2001). 
0250 In another embodiment, the gene construct contain 
ing the nucleic acid fragments of the present invention com 
prise another nucleic acid cassette comprising a promoter 
sequence in operable connection with a polynucleotide 
sequence encoding a selectable marker. 
0251. As used herein the term “selectable markershall be 
taken to mean a protein or peptide that confers a phenotype on 
a cell expressing said selectable marker that is not shown by 
those cells that do not carry said selectable marker. Examples 
of selectable markers include, but are not limited to the dhfr 
resistance gene, which confers resistance to methotrexate 
(Wigler, et al., 1980, Natl. Acad. Sci. USA 77:3567: O'Hare, 
et al., 1981, Proc. Natl. Acad. Sci. USA 78:1527); the gpt 
resistance gene, which confers resistance to mycophenolic 
acid (Mulligan & Berg, 1981, Proc. Natl. Acad. Sci. USA 
78:2072); the neomycin phosphotransferase gene, which 
confers resistance to the aminoglycoside G-418 (Colberre 
Garapin, et al., 1981, J. Mol. Biol. 150:1); and the hygromy 
cin resistance gene (Santerre, et al., 1984, Gene 30:147). 
Alternatively, marker genes is catalyse reactions resulting in 
a visible outcome (for example the production of a blue color 
when B galactosidase is expressed in the presence of the 
substrate molecule 5-bromo-4-chloro-3-indoyl-f-D-galacto 
side) or confer the ability to synthesise particular amino acids 
(for example the HIS3 gene confers the ability to synthesize 
histidine). 
0252. In one embodiment the peptide encoded by the 
nucleic acid fragment of the present invention is expressed as 
a fusion protein with a peptide sequence capable of enhanc 
ing, increasing or assisting penetration or uptake of the pep 
tide by cells either in vitro or in vivo. For example, the peptide 
sequence capable of enhancing, increasing or assisting pen 
etration or uptake is the Drosophila penetratin targeting 
sequence. This peptide sequence at least comprises the amino 
acid sequence: 
0253 CysArgGln IleLysIleTrpPheGlnA 
snarg ArgMetLysTrpLysLys (SEQID NO. 29) further com 
prising (Xaa)n after the final Lys residue and followed by Cys 
wherein Xaa is any amino acid and n has a value greater than 
or equal to 1. Alternatively, a homologue, derivative or ana 
logue of said sequence is used. The use of said sequence is 
particularly useful when peptides encoded by the nucleic acid 
fragment of the present invention are synthesised in vitro or 
secreted from a host cell, and must be taken up by a cell for 
screening said peptide encoded by the nucleic acid fragment 
of the present invention. 
0254 Those skilled in the art will also be aware of an 
analogous use of signals such as for example, the tat sequence 
of HIV to drive import of peptides into cells. 
0255. In an alternative embodiment, the peptide encoded 
by the nucleic acid fragment of the present invention is mixed 
with a peptide capable of enhancing, increasing or assisting 
penetration or uptake by cells in vitro or in vivo. A peptide 
sequence that is able to increase or assist penetration or 
uptake of cells is the synthetic peptide Pep 1, which at least 
comprises the amino acid sequence: 
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0256 The Pep 1 peptide does not need to be conjugated to 
the peptide encoded by the nucleic acid fragments of the 
present invention. Furthermore, Pep 1 dissociates from the 
peptide encoded by the expression library of the present 
invention. Thus Pep 1 will not interfere with the peptide form 
ing a conformation Sufficient for binding to a target protein or 
nucleic acid. Pep 1 is only useful when the peptides encoded 
by the expression library of the present invention are isolated 
prior to the addition to a cell or organism for screening. Thus 
Pep 1 is particularly useful when in vitro libraries are 
screened. 

0257. In one embodiment, the expression library of the 
present invention are introduced to and preferably expressed 
within a cellular host or organism to generate the expression 
library, it is preferred that the gene constructs are introduced 
into said cellular host or said organism. Methods of introduc 
ing the gene constructs into a cell or organism for expression 
are well known to those skilled in the art and are described for 
example, in Ausubeletal (In: Current Protocols in Molecular 
Biology. Wiley Interscience, ISBN 047 150338, 1987), U.S. 
Pat. No. 5,763,239 (Diversa Corporation) and (Sambrook et 
al (In: Molecular Cloning: Molecular Cloning: A Laboratory 
Manual, Cold Spring Harbor Laboratories, New York. Third 
Edition 2001). The method chosen to introduce the gene 
construct in depends upon the cell type in which the gene 
construct is to be expressed. 
0258. In one embodiment, the cellular host is a bacterial 
cell. Means for introducing recombinant DNA into bacterial 
cells include, but are not limited to electroporation or chemi 
cal transformation into cells previously treated to allow for 
said transformation. 

0259. In another embodiment, the cellular host is a yeast 
cell. Means for introducing recombinant DNA into yeast cells 
include a method chosen from the group consisting of elec 
troporation, and PEG mediated transformation. 
0260. In another embodiment, the cellular host is a plant 
cell. Means for introducing recombinant DNA into plant cells 
include a method selected from the group consisting of Agro 
bacterium mediated transformation, electroporation of pro 
toplasts, PEG mediated transformation of protoplasts, par 
ticle mediated bombardment of plant tissues, and 
microinjection of plant cells or protoplasts. 
0261. In yet another embodiment, the cellular host is an 
insect cell. Means for introducing recombinant DNA into 
plant cells include a method chosen from the group consisting 
of infection with baculovirus and transfection mediated with 
liposomes such as by using cellfectin (Invitrogen). 
0262. In yet another embodiment, the cellular host is a 
mammalian cell. Means for introducing recombinant DNA 
into mammalian cells include a means selected from the 
group comprising microinjection, transfection mediated by 
DEAE-dextran, transfection mediated by calcium phosphate, 
transfection mediated by liposomes Such as by using Lipo 
fectamine (Invitrogen) and/or cellfectin (Invitrogen), PEG 
mediated DNA uptake, electroporation, transduction by 
Adenoviuses, Herpesviruses, Togaviruses or Retroviruses 
and microparticle bombardment such as by using DNA 
coated tungsten or gold particles (Agacetus Inc., WI, USA). 

(SEQ ID NO. 3 O) 
LysGluThrTripTrpGluThrTripTrpThirdluTrpSerGlnLlys LysLlys LysArgLysval. 
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0263. In an alternative embodiment, the expression library 
is an in vitro display library (ie., the peptides encoded by the 
prokaryote or compact eukaryote nucleic acid fragments of 
the expression library are displayed using in vitro display 
wherein the expressed peptide is linked to the nucleic acid 
from which it was expressed Such that said peptide is pre 
sented in the absence of a host cell). Accordingly, expression 
libraries produced by in vitro display technologies are not 
limited by transformation or transfection efficiencies. 
Accordingly any such library is of much higher complexity 
than an in vivo display library. Examples of methods of in 
vitro display include a method selected from the group com 
prising but not limited to, ribosome display, covalent display 
and mRNA display. 
0264. In one embodiment, the in vitro display library is a 
ribosome display library. The skilled artisan will be aware 
that a ribosome display library directly links mRNA encoded 
by the expression library to the peptide that it encodes. Means 
for producing a ribosome display library require that the 
nucleic acid fragment be placed in operable connection with 
an appropriate promoter sequence and ribosome binding 
sequence, ie. form a gene construct. Preferred promoter 
sequences are the bacteriophage T3 and T7 promoters. 
0265 Preferably, the nucleic acid fragment is placed in 
operable connection with a spacer sequence and a modified 
terminator sequence with the terminator sequence removed. 
0266. As used herein the term “spacer sequence' shall be 
understood to mean a series of nucleic acids that encode a 
peptide that is fused to the peptide. The spacer sequence is 
incorporated into the gene construct, as the peptide encoded 
by the spacer sequence remains within the ribosomal tunnel 
following translation, while allowing the peptide to freely 
fold and interact with another protein or a nucleic acid. 
0267 A preferred spacer sequence is, for example, a 
nucleic acid that encodes amino acids 211-299 of gene III of 
filamentous phage M13 mp 19. 
0268. The display library is transcribed and translated in 
vitro using methods well known in the art and are described 
for example, in Ausubel et al (In: Current Protocols in 
Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987) and (Sambrook et al (In: Molecular Cloning: Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratories, New York. Third Edition 2001). 
0269. Examples of systems for in vitro transcription and 
translation include, for example, the TNT in vitro transcrip 
tion and translation systems from Promega. Cooling the 
expression reactions on ice generally terminates translation. 
The ribosome complexes are stabilized against dissociation 
from the peptide and/or its encoding mRNA by the addition of 
reagents such as, for example, magnesium acetate or chloro 
amphenicol. Such in vitro display libraries are screened by a 
variety of methods, as described herein. 
0270. In another embodiment, the expression library of the 
present invention is a ribosome inactivation display library. In 
accordance with this embodiment, a nucleic acid fragment is 
operably linked to a nucleic acid encoding a first spacer 
sequence. It is preferred that this spacer sequence is a glycine/ 
serine rich sequence that allows a peptide encoded by the 
expression library of the present invention to freely fold and 
interact with a target protein or nucleic acid. 
0271 The first spacer sequence is linked to a nucleic acid 
that encodes a toxin that inactivates a ribosome. It is preferred 
that the toxin comprises the ricin A chain, which inactivates 

Jul. 12, 2012 

eukaryotic ribosomes and stalls the ribosome on the transla 
tion complex without release of the mRNA or the encoded 
peptide. 
0272. The nucleic acid encoding the toxin is linked to 
another nucleic acid that encodes a second spacer sequence. 
The second spacer is required as an anchor to occupy the 
tunnel of the ribosome, and allow both the peptide and the 
toxin to correctly fold and become active. Examples of such 
spacer sequences are sequences derived from gene III of M13 
bacteriophage. 
0273 Ribosome inactivation display libraries are gener 
ally transcribed and translated in vitro, using a system such as 
the rabbit reticulocyte lysate system available from Promega. 
Upon translation of the mRNA encoding the toxin and correct 
folding of this protein, the ribosome is inactivated while still 
bound to both the encoded polypeptide and the mRNA from 
which it was translated. 
0274. In another embodiment, the expression library of the 
present invention is an mRNA display library. In accordance 
with this embodiment, a nucleic acid fragment is operably 
linked to a nucleic acid encoding a spacer sequence. Such as 
a glycine?serine rich sequence that allows a peptide encoded 
by the expression library of the present invention to freely 
fold and interact with a target protein or nucleic acid. 
0275. The nucleic acid encoding the spacer sequence is 
operably linked to a transcription terminator, 
0276 mRNA display libraries are generally transcribed in 
vitro, using methods well known in the art, Such as, for 
example, the HeLaScribe Nuclear Extract in vitro Transcrip 
tion System available from Promega. Encoded mRNA is sub 
sequently covalently linked to a DNA oligonucleotide that is 
covalently linked to a molecule that binds to a ribosome, such 
as, for example, puromycin, using techniques well known in 
the art and are described in, for example, Roberts and Szostak, 
Proc. Natl. Acad. Sci. USA, 94, 12297-12302 (1997). Prefer 
ably, the oligonucleotide is covalently linked to a psoralen 
moiety, whereby the oligonucleotide is photo-crosslinked to a 
mRNA encoded by the expression library of the present 
invention. 
(0277. The mRNA transcribed from the expression library 
is then translated using methods well known in the art and are 
described for example, in Ausubeletal (In: Current Protocols 
in Molecular Biology. Wiley Interscience, ISBN 047 150338, 
1987) and (Sambrook et al (In: Molecular Cloning: Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratories, New York, Third Edition 2001). When the ribosome 
reaches the Junction of the mRNA and the oligonucleotide the 
ribosome stalls and the puromycin moiety enters the phos 
photransferase site of the ribosome and thus covalently links 
the encoded polypeptide to the mRNA from which it was 
expressed. 
0278 Inyet another embodiment, the expression library of 
the present invention is a covalent display library. In accor 
dance with this embodiment, the nucleic acid fragment is 
operably linked to a second nucleic acid fragment that 
encodes a protein that interacts with the DNA from which it 
was encoded. Examples of a protein that interacts with the 
DNA from which it interacts include, but are not limited to, 
the E. coli bacteriophage P2 viral A protein (P2A) and equiva 
lent proteins isolated from phage 186, HP1 and PSP3. 
(0279. The P2A protein is particularly preferred. The P2A 
protein recognizes a defined initiator sequence TCGGA 
(SEQID NO 31) positioned within the nucleic acid encoding 
the P2A protein and nicks one of the strands while forming a 
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covalent bond with one of the free end nucleotides. Accord 
ingly, it is preferred that at least the sequence TCGGA (SEQ 
ID NO 31) is included in the gene construct containing the 
expression library of the present invention. 
0280. It is particularly preferred that the protein attach 
ment site is positioned such that a nucleic acid fragment is 
covalently linked to the peptide that it encodes. 
0281. A covalent display gene construct is transcribed and 
translated in vitro, using a system Such as the rabbit reticulo 
cyte lysate system available from Promega. Upon translation 
of the fusion of the peptide and the P2A protein, the P2A 
protein nicks the nucleic acid of the sequence of SEQID NO: 
31 and forms a covalent bond therewith. Accordingly, a 
nucleic acid fragment is covalently linked to the peptide that 
it encodes. 

0282. In yet another embodiment, the expression library is 
a phage display library wherein the expressed peptides or 
protein domains are displayed on the Surface of a bacterioph 
age, as described, for example, in U.S. Pat. No. 5,821,047 and 
U.S. Pat. No. 6,190,908. The basic principle described relates 
to the fusion of a first nucleic acid comprising a sequence 
encoding a peptide or protein to a second nucleic acid com 
prising a sequence encoding a phage coat protein, such as, for 
example a phage coat proteins selected from the group, M13 
protein-3, M13 protein-7, or M13, protein-8. These 
sequences are then inserted into an appropriate vector, ie. one 
that is able to replicate in bacterial cells. Suitable host cells, 
such as, for example E. coli, are then transformed with the 
recombinant vector. Said host cells are also infected with a 
helper phage particle encoding an unmodified form of the 
coat protein to which a nucleic acid fragment is operably 
linked. Transformed, infected host cells are cultured under 
conditions suitable for forming recombinant phagemid par 
ticles comprising more than one copy of the fusion protein on 
the surface of the particle. This system has been shown to be 
effective in the generation of virus particles Such as, for 
example, a virus particle selected from the group comprising 
w phage, T4 phage, M13 phage, T7 phage and baculovirus. 
Such phage display particles are then screened to identify a 
displayed protein having a conformation Sufficient for bind 
ing to a target protein or nucleic acid. 
0283. In yet another embodiment, the expression library is 
a retroviral display library wherein the expressed peptides or 
protein domains are displayed on the Surface of a retroviral 
particle. Retroviral display is of particular use as the proteins 
and peptides displayed in Such a system are generated in 
eukaryotic cells that can carry out a number of post-transla 
tional modifications to the peptides or protein domains that 
are required for activity. Such a retroviral display system is 
described in U.S. Pat. No. 6,297,004 (Cambridge Drug Dis 
covery Holding, Limited). In adapting such a system to the 
present invention, a nucleic acid fragment is placed in oper 
able connection with an envelope protein of a retrovirus, more 
preferably a spike glycoprotein. An example of such a protein 
is the mature envelope protein of Moloney Murine leukemia 
virus. A gene construct comprising a nucleic acid fragment of 
the present invention in operable connection with a retroviral 
envelope protein is also placed in operable connection with 
long terminal repeat sequences, a tRNA binding site and a 
polypurine tract to ensure reverse transcription and integra 
tion of the encapsid RNA in an infected mammalian cell. 
Furthermore, such a gene construct should comprise an 
encapsidated signal sequence. An encapsidated signal 
sequence is a nucleic acid that is recognised by a component 

24 
Jul. 12, 2012 

of the viral particle that mediates the inclusion of the nucleic 
acid into the viral particle. Such a gene construct is then 
expressed in an appropriate host cell. Such as, for example, a 
COS cell or NIH3T3 cell, that has been previously infected 
with a retrovirus encoding an unmodified spike glycoprotein. 
In Such a system chimeric retroviral particles are generated, 
carrying a mixture of modified and unmodified forms of the 
spike glycoprotein. These recombinant retrovirus particles 
are used to identify a displayed peptide that binds to a target 
protein or nucleic acid. 
0284. In yet another embodiment, the expression library is 
a bacterial display library wherein the expressed peptides or 
protein domains are displayed on the Surface of a bacterial 
cell. The cells displaying the expressed peptides or protein 
domains are then used for biopanning as described, for 
example, in U.S. Pat. No. 5,516,637. Bacterial display is 
based on the finding that heterologous proteins is expressed as 
a fusion with bacterial Surface proteins and assayed for the 
ability to bind to a target protein or nucleic acid. Accordingly, 
in Such systems a nucleic acid fragment is placed in operable 
connection with a second nucleic acid that encodes an anchor 
ing motif, or amino acid sequence that directs the incorpora 
tion of the encoded peptide on the surface of the bacterial cell 
Surface. Preferred amino acid sequences that direct incorpo 
ration of a peptide onto the surface of a bacterial cell include, 
but are not limited to, the flagella major subedit FliC for 
localizing a protein on the flagellum of E. coli, the cell sorting 
signal of the cell wall proteinase PrtP of Lactobacillus casei, 
the OmpS maltoprotein of Vibrio cholerae, Protein A of 
Bacillus subtilis, LySA of B. subtilis, and Act A of B. subtilis. 
Expression libraries comprising Such gene constructs are then 
introduced into an appropriate host cell. Such as for example 
E. coli or B. subtilis and the expressed peptides displayed on 
the surface of the bacterial cell. Such displayed libraries are of 
particular use in screening for peptides that have a conforma 
tion Sufficient for binding a target protein or nucleic acid. 
0285. In an alternative embodiment, the peptides encoded 
by the nucleic acid fragments of the present invention is also 
be fused to a second nucleic acid comprising a sequences that 
encodes a peptide that directs the incorporation of the 
encoded peptide on the surface of a bacterial spore. Such 
methods are particularly useful in the display of peptides that 
are toxic to bacteria when expressed intra cellularly, or when 
screening conditions are particularly harsh, Such as, for 
example in the presence of organic solvents, or high tempera 
tures. 

0286. In yet another embodiment, the expression library is 
a phage display library wherein the expressed peptides or 
protein domains are displayed on the Surface of a yeast cell. 
This method is particularly useful for the display of peptides 
encoded by nucleic acid derived from eukaryotes, as prokary 
otic species are unable to form some structures encoded by 
eukaryotic sequences. Such a yeast display method is 
described in U.S. Pat. No. 6,423.538. In adapting this method 
to the present invention, a nucleic acid fragment is operably 
linked to a second nucleic acid fragment encoding the mem 
brane-associated alpha-agglutinin yeast adhesion receptor, 
encoded by the aga2 gene. The expression library is intro 
duced into an appropriate host cell. Such as for example S. 
cerevisiae or S. pombe. Following introduction into an appro 
priate host cell the fusion protein is secreted from the cell. The 
fusion protein then binds to the Agal protein on the surface of 
the cell by forming disulfide bonds. Such a yeast cell is 
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screened to determine whether or not it expresses a peptide 
having a conformation Sufficient for binding to a target pro 
tein or nucleic acid. 
0287. In yet another embodiment, the expression library is 
a phage display library wherein the expressed peptides or 
protein domains are displayed on the Surface of a mammalian 
cell. Such a system is described for example in Strenglin etal 
EMBO.J. 7, 1053-1059, 1988. Mammalian display is particu 
larly useful for the display of peptides derived from eukary 
otes, as prokaryotic species and some lower eukaryotic spe 
cies are unable to form some structures encoded by 
eukaryotic sequences. The mechanism behind mammalian 
display relates to the fusion of a nucleic acid fragment to a 
second nucleotide sequence encoding a peptide leader 
sequence, which directs the protein to be secreted, such as for 
example the Ig K secretion signal. Furthermore, the nucleic 
acid fragment is placed in operable connection with another 
nucleic acid, which encodes a peptide that anchors the peptide 
to the membrane, such as, for example the sequence PDGFR 
(SEQ ID NO: 32) which corresponds to a transmembrane 
domain. An example of a vector containing Sucha sequence is 
the ploISPLAY vector available from Invitrogen. Proteins 
expressed by Such a vector are displayed upon the Surface of 
the mammaliancell, making these cells particularly useful for 
screeningforpeptides that adopt a conformation Sufficient for 
binding to a target protein or nucleic acid. 
0288 A second aspect of the present invention provides an 
expression library comprising nucleic acid fragments from 
two or more microorganisms or eukaryotes containing com 
pact genomes, each of said microorganisms or eukaryotes 
having a substantially sequenced genome, wherein said 
nucleic acid fragments are inserted into a Suitable expression 
construct thereby producing recombinant constructs, wherein 
each fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 
0289. In a preferred embodiment, the present invention 
provides an expression library comprising nucleic acid frag 
ments derived from two or more microorganisms or eukary 
otes containing compact genomes, each of said microorgan 
isms or eukaryotes having a Substantially sequenced genome, 
wherein the fragments are inserted into a suitable expression 
vector in an amount proportional to the size of the genome 
from which the fragments were derived thereby producing 
recombinant constructs and wherein each fragment is in oper 
able connection with a promoter sequence that is capable of 
conferring expression of that fragment. 
0290. In a further preferred embodiment, the present 
invention provides an expression library comprising nucleic 
acid fragments derived from one or two or more microorgan 
isms or eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome, wherein the nucleic acid fragments of the 
library comprise an open reading frame having an average 
length of at least about 36-45 nucleotide residues and/or 
encode a protein domain, and wherein the nucleic acid frag 
ments are inserted into a suitable expression vector thereby 
producing recombinant constructs wherein each fragment is 
in operable connection with a promoter sequence that is 
capable of conferring expression of that fragment. 
0291. In an alternative embodiment, the present invention 
provides an expression library comprising nucleic acid frag 
ments derived from one or two or more microorganisms or 
eukaryotes containing compact genomes, each of said micro 
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organisms or eukaryotes having a substantially sequenced 
genome, wherein the nucleic acid fragments of the library 
comprise an open reading frame having an average length of 
at least about 36-45 nucleotide residues and/or encode a pro 
tein domain, and wherein the nucleic acid fragments are 
inserted into a suitable expression vector in an amount pro 
portional to the size of the genome from which the fragments 
were derived thereby producing recombinant constructs 
wherein each fragment is in operable connection with a pro 
moter sequence that is capable of conferring expression of 
that fragment. 
0292. In a further preferred embodiment, the present 
invention provides an expression library comprising nucleic 
acid fragments derived from one or two or more microorgan 
isms or eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome, wherein the nucleic acid fragments of the 
library have sufficiently different nucleotide sequences and 
are inserted into a suitable expression vector thereby produc 
ing recombinant constructs wherein each fragment is in oper 
able connection with a promoter sequence that is capable of 
conferring expression of that fragment. 
0293. In a further preferred embodiment, the present 
invention provides an expression library comprising nucleic 
acid fragments derived from one or two or more microorgan 
isms or eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome, wherein the nucleic acid fragments of the 
library have sufficiently different nucleotide sequences and 
are inserted into a suitable expression vector in an amount 
proportional to the size of the genome from which the frag 
ments were derived thereby producing recombinant con 
structs wherein each fragment is in operable connection with 
a promoter sequence that is capable of conferring expression 
of that fragment. 
0294. In a further preferred embodiment, the present 
invention provides an expression library comprising nucleic 
acid fragments derived from one or two or more microorgan 
isms or eukaryotes containing compact genomes, each of said 
microorganisms or eukaryotes having a substantially 
sequenced genome, wherein the nucleic acid fragments of the 
library have sufficiently different nucleotide sequences and 
comprise an open reading frame having an average length of 
at least about 36-45 nucleotide residues and/or encode a pro 
tein domain, and wherein the nucleic acid fragments are 
inserted into a suitable expression vector thereby producing 
recombinant constructs wherein each fragment is in operable 
connection with a promoter sequence that is capable of con 
ferring expression of that fragment. 
0295. In an alternative embodiment, the present invention 
provides an expression library comprising nucleic acid frag 
ments derived from one or two or more microorganisms or 
eukaryotes containing compact genomes, each of said micro 
organisms or eukaryotes having a substantially sequenced 
genome, wherein the nucleic acid fragments of the library 
have sufficiently different nucleotide sequences and comprise 
an open reading frame having an average length of at least 
about 36-45 nucleotide residues and/or encode a protein 
domain, and wherein the nucleic acid fragments are inserted 
into a suitable expression vector in an amount proportional to 
the size of the genome from which the fragments were 
derived thereby producing recombinant constructs wherein 
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each fragment is in operable connection with a promoter 
sequence that is capable of conferring expression of that 
fragment. 
0296 Preferably, if the library is to be expressed in either 
a cellular system or in an organism, the expression library is 
further comprise a host comprising the recombinant vectors 
of the expression library. In accordance with this embodi 
ment, the expression library of the present invention further 
comprises a host cell comprising the nucleic acid fragments 
inserted into the expression vector. 
0297. In a particularly preferred embodiment the present 
invention provides an expression library produced in accor 
dance with a method described herein (ie., it is a direct prod 
uct of the method if the present invention). 
0298. A further aspect of the present invention provides a 
method of determining a peptide that binds to a target nucleic 
acid or target protein comprising: 
0299 (a) screening an expression library of the present 
invention to identify a peptide expressed by the library that 
binds to the target protein or target nucleic acid; and 

0300 (b) selecting a peptide from (a) that does not bind to 
said target protein or nucleic acid in its native environment. 

0301 In an alternative embodiment, the present invention 
provides a method of determining a peptide that binds to a 
target nucleic acid or target protein comprising: 
0302) (a) obtaining an expression library of the present 
invention; 

0303 (b) screening the expression library to identify a 
peptide that binds to the target protein or nucleic acid; and 

0304 (c) selecting a peptide that does not bind to said 
target protein or nucleic acid in its native environment. 

0305. In a further alternative embodiment, the present 
invention provides a method of determining a peptide that 
binds to a target nucleic acid or target protein comprising: 
0306 (a) producing an expression library of the present 
invention according to the process described herein; 

0307 (b) screening the expression library to identify a 
peptide that binds to the target protein or nucleic acid; and 

0308 (c) selecting a peptide that does not bind to said 
target protein or nucleic acid in its native environment. 

0309 The selection step of the screening process is to 
identify mimotopes or mimetic peptides, rather than merely 
selecting peptides that perform a known or expected function. 
Suitable processes for selecting a peptide that does not bind to 
the target protein or target nucleic acid in its native environ 
ment include, for example, determining the amino acid 
sequence of the peptide or determining the nucleotide 
sequence of the corresponding nucleic acid encoding said 
peptide and deriving the amino acid sequence from said 
nucleotide sequence, determining a known function of the 
amino acid sequence and excluding a peptide that binds to a 
target protein or target nucleic acid associated with the known 
function. Alternatively, or in addition, the selection involves 
using an expression library that comprises nucleic acid frag 
ments from organisms that do not possess a particular bio 
chemical pathway or signal transduction pathway relevant to 
the binding reaction being assayed. Alternatively, or in addi 
tion, the selection comprises using an expression library that 
comprises nucleic acid fragments from organisms that do not 
express one or more of the binding partners of the binding 
reaction being assayed. The present invention clearly contem 
plates the combined use of bioinformatic analysis and selec 
tion of library components from organisms that are not known 
to carry out the binding reaction being assayed, to exclude 
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those peptides from the screening process that merely per 
form their known function. Accordingly, such selection 
ensures that the selected peptide or protein domain does not 
bind to the target protein or target nucleic acid in its native 
environment. 
0310. In one embodiment, the expression library of the 
present invention is screened using affinity purification. 
Affinity purification techniques are well known in the art and 
are described in, for example, Scopes (In: Protein purifica 
tion: principles and practice. Third Edition, Springer Verlag, 
1994). Methods of affinity purification typically involve con 
tacting the peptides encoded by the nucleic acid fragment 
library of the present invention with a specific target protein 
or nucleic acid, and, following washing, eluting those pep 
tides that remain bound to the target protein or nucleic acid. 
Said target protein or nucleic acid is bound to another mol 
ecule to allow for ease of purification, such as, for example, a 
molecule selected from the group consisting of protein A, 
protein G, agarose, biotin, glutathione S-transferase (GST), 
and FLAG epitope. Accordingly, the target protein or nucleic 
acid is isolated simply through centrifugation, or through 
binding to another molecule, eg. Streptavidin, or binding of a 
specific antibody, eg. anti-FLAG antibodies, or anti-GST 
antibodies. Methods using target proteins or nucleic acids 
covalently bound to affinity matrices are particularly pre 
ferred. 
0311. In another embodiment, the expression library of the 
present invention is expressed so as to allow identification of 
abound peptide using FACS analysis. The screening of librar 
ies using FACS analysis is described in U.S. Pat. No. 6,455,63 
(Rigel Pharmaceuticals Incorporated). In adapting the proto 
col to the present invention, it is particularly preferred that the 
expression libraries of the present invention are expressed in 
Such that they are displayed, such as for example, using in 
vitro display, bacterial Surface display, yeast display, or mam 
malian display. 
0312 Preferably, an in vitro display library is screened by 
FACS sorting. In vitro displayed proteins are covalently 
linked to a particle or bead suitable for FACS sorting, such as, 
for example, glass, polymers such as for example polysty 
rene, latex or cross-linked dextrans such as Sepharose, cellu 
lose, nylon, teflon, amongst others. 
0313 The displayed library bound to particles or beads is 
added to a target protein or nucleic acid that has been labelled 
with a labelling moiety, Such as for example a fluorescent 
molecule, or a molecule which is detected by a second fluo 
rescent molecule. Methods of labelling a target protein or 
nucleic acid are well known in the art, and include methods 
using direct linkage or methods using a linker. The beads are 
then washed and subjected to sorting by FACS, which allows 
the beads with bound fluorescent target proteins or nucleic 
acids, to be separated from the beads that have not bound to a 
fluorescent target protein or nucleic acid. 
0314. Alternatively the library is screened using a biosen 
sor-based assay, such as, for example, Biacore sensor chip 
technology (Biacore AB, UK). The Biacore sensor chip is a 
glass surface coated with a thin layer of gold modified with 
carboxymethylated dextran, to which the target protein or 
nucleic acid is covalently attached. The peptides encoded by 
the expression libraries of the present invention are then 
exposed to the Biacore sensor chip comprising the target 
protein or nucleic acid. Preferably, the nucleic acid fragment 
of the present invention and its encoded polypeptide are 
linked. Such as for example using display technology. 
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0315. The Biacore sensor chip is further used in the analy 
sis of the kinetics of the interaction of the peptide encoded by 
the expression library of the present invention and the target 
protein or nucleic acid. Such as for example through analyZ 
ing binding affinity using Surface plasmon resonance. Essen 
tially Surface plasmon resonance detects changes in the mass 
of the aqueous layer close to the chip Surface, through mea 
Suring changes in the refractive index. Accordingly, when a 
peptide encoded by the expression library of the present 
invention binds to the target protein or nucleic acid the refrac 
tive index increases. 
0316 The present invention is also be applied to identify 
ing peptides that bind to any protein or nucleic acid, such as 
for example, a receptor protein, oncogenic protein, growth 
factor, cytokine, transcription factor, kinase, a promoter 
region of a gene, a Suppressor region of a gene, a splice donor 
site, or a splice acceptor site. Alternatively, the libraries are 
screened to determine a peptide that modulates (inhibits, 
blocks, disrupts, down regulates, antagonizes, enhances, up 
regulates, agonizes, etc) a cellular process, biochemical reac 
tion, protein: protein interaction, or a protein: nucleic acid 
interaction. 
0317. In one particularly preferred embodiment, the 
nucleic acid fragment expression libraries are screened for 
encoded peptides that bind to a target immunoglobulin, and 
preferably to the antigen binding site of a target immunoglo 
bulin. Using standard affinity purification methods or any of 
the methods described herein, and appropriate antibodies as 
the target protein, it is possible to isolate peptide mimetics of 
both linear and discontinuous protein epitopes, in addition to 
other non-protein antigens, for example an antigen selected 
from the group consisting of a carbohydrate, lipid, phospho 
lipid, and protein (eg. Hi-PAL (P6) protein of H. influenzae, 
D15 protein from H. influenzae, the murM protein from S. 
aureus, the Fema protein from S. aureus, or the FemaB 
protein from S. aureus). Using Subsequent rounds of screen 
ing performed at lower concentrations of the target antibody, 
those peptides that bind with high affinity are selected. 
0318. In another particularly preferred embodiment, the 
nucleic acid fragment expression libraries are screened for 
encoded peptides that inhibit orantagonize or block an inter 
action between two oncoproteins, such as, for example, SCL 
and E47. Such peptide antagonists ("peptide blockers') are 
particularly useful for validating a cellular target in the thera 
peutic treatment of cancer or for the therapeutic treatment of 
an individual Suffering from a cancer, tumor or neoplastic 
illness, or alternatively in the prophylactic treatment of a 
Subject having a predisposition or history of cancer, tumor or 
neoplastic illness. As exemplified herein, reverse two hybrid 
screens that assay the interaction between SCL and E47, have 
successfully been used to identify several specific peptide 
blockers of the SCL/E47 interaction in yeast cells, in addition 
to a small number of peptide blockers that are not specific for 
this interaction. 

0319. In a further embodiment, the nucleic acid fragments 
of the present invention are expressed as fusion proteins to 
form single-chain Fv (sclv) or Fab antibody fragments as 
described in McCafferty etal, Nature 348552-534 (1990) and 
Hoogenboom et al. Nucleic Acids Res 19, 4133-4137 (1991). 
In a preferred embodiment the expression library of the 
present invention is used in the generation of a scFv library. 
The generation of a ScFv library essentially involves genera 
tion of a gene construct comprising two or more nucleic acid 
fragments of the present invention separated by a nucleotide 
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sequence encoding a scFv peptide linker, Such as for example 
(Gly Ser). The resulting gene construct is then expressed in 
an appropriate system to produce a single chain fragment of 
an antibody. It is particularly preferred that the expression 
library is displayed using a system described herein. Dis 
played library is screened for antibody fragments having a 
conformation Sufficient for binding a specific antigen using 
techniques well known in the art, Such as, for example, affin 
ity purification. 
0320. Using techniques known in the art, scfv fragments 
are isolated that bind to specific antigens or molecules. Such 
techniques include, for example, affinity chromatography 
and n-hybrid screening. Furthermore, through selection of 
increased nucleotide sequence diversity through, for example 
random mutagenesis, it is possible to select for antibodies 
with increased affinity for the specific antigen. 
0321. In a further embodiment, the present invention pro 
vides a method of identifying a peptide or protein domain that 
binds to a target protein or nucleic acid wherein said binding 
modulates a biological activity of the target protein or nucleic 
acid. As used herein, the term “biological activity” is to be 
taken in its broadest context and shall be taken to mean any 
activity of a Substance that relates to a cellular process, or 
alternatively is required for a cellular event to occur. 
Examples of biological activity include, but are not limited to, 
an activity selected from the group comprising, protein bind 
ing to a target protein or nucleic acid, for example antibody 
and antigen binding, disruption of protein binding, modula 
tion of cell signalling, modulation of gene expression, cell 
viability, cell proliferation, degradation of a protein or nucle 
otide, and/or preservation of a protein or nucleotide. 
0322. In another embodiment, the present invention pro 
vides a method of identifying a peptide or protein domain that 
binds to a target protein or nucleic acid wherein said binding 
inhibits the growth or viability of a microorganism. For 
example, comparative computer analysis of the genomes of 
microorganisms is used to identify those gene products that 
are specific to the microorganisms. Such information and 
comparative computer analysis Software is available from, for 
example NCBI. The genome data of several microorganisms 
that are pathogens of the respiratory tract are compared to 
identify those sequences that are common to all of these 
species. These data are subtracted from genomic data of simi 
lar microorganisms that are not pathogens of the respiratory 
tract. Those sequences are specific to respiratory tract patho 
gens. This form of data analysis has been performed by, for 
example Read etal, Drug Disc. Today 6, 887-892 (2001). Any 
of these sequences that encode proteins is then be expressed 
and the encoded protein isolated, by methods that are well 
known in the art and are described for example, in Ausubel et 
al (In: Current Protocols in Molecular Biology. Wiley Inter 
science, ISBN 047 150338, 1987), U.S. Pat. No. 5,763,239 
(Diversa Corporation) and (Sambrook et al (In: Molecular 
Cloning: Molecular Cloning: A Laboratory Manual, Cold 
Spring Harbor Laboratories, New York, Third Edition 2001). 
Such proteins are then used as a target for screening the 
nucleic acid fragment library of the present invention. Any 
peptides that are identified as having a conformation Suffi 
cient for binding to the target protein or nucleic acid, are 
tested for microbial toxicity, either through directly exposing 
the microbes to the peptide, or expressing the peptide in the 
target microorganisms by methods that are well known in the 
art and are described for example, in Ausubeletal (In: Current 
Protocols in Molecular Biology. Wiley Interscience, ISBN 
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047 150338, 1987), U.S. Pat. No. 5,763,239 (Diversa Corpo 
ration) and (Sambrooketal (In: Molecular Cloning: Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor Labo 
ratories, New York. Third Edition 2001). 
0323. In a related embodiment, the present invention pro 
vides a method of identifying a peptide or protein domain that 
binds to a target protein or nucleic acid wherein said binding 
inhibits the growth or viability of an microorganism. In one 
form, the present embodiment relates to the insertion of the 
nucleic acid fragments that encode a polypeptide into a vector 
containing a conditional protein cleavage site, such as, for 
example, the temperature sensitive splicing element intein 
modified from the element found in the S. cerevesiae VMA1 
gene. Such vectors include the IMPACTT7 system from New 
England Biolabs, for expression of peptides on the surface of 
T7 phage. Libraries generated using Such vectors must be 
arrayed, such that each nucleic acid fragment is analyzed in 
isolation from other nucleic acid fragments, such methods are 
well known in the art, for example arraying individual phage 
or bacteria clones in a 96 well plate format. Accordingly, the 
vectors are transformed, transfected or transduced into an 
appropriate host, and the host cells placed under conditions 
for cleavage to occur, such as, for example, low temperatures 
in the case of the intein mutant cleavage. The cleaved peptides 
are then brought into physical contact with the microorgan 
ism. Those peptides that are capable of inhibiting the growth 
of the microorganism, or killing the microorganism is iden 
tified using standard techniques, and directly related to the 
arrayed nucleic acid fragment library. 
0324. The methods described herein above are readily 
modified to Suit other gene expression systems, such as for 
example those systems that secrete the peptide encoded by the 
expression library of the present invention, and those systems 
that lyse the host cell that express the peptide encoded by the 
expression library of the present invention, such as for 
example, the expression of the peptides from different open 
reading frames of the same nucleic acid fragment in the T7 
lytic phage. 
0325 In a related embodiment, libraries that encode pep 
tides in a secretable form, or libraries wherein a host cell is 
lyzed in preparation for screening, are screened using an 
assay employing a filter diffusion assay. Such an assay utilises 
a double faced Petri dish, with the two faces of the dish are 
separated by a Supported semi-permeable membrane which 
will allow the diffusion of the peptides encoded by the expres 
sion library of the present invention, Such as for example a 
membrane selected from the group comprising, nitrocellu 
lose and nylon. A lawn of the microorganism is grown on one 
side of said double-faced Petridish. Host cells expressing the 
expression library are grown on the opposite side of a double 
faced Petri dish. The presence of plaques in the lawn of the 
microorganism is suggestive of the expression and diffusion 
of a peptide that can inhibit the growth of or kill said micro 
organism. The nucleic acid is then be isolated from the 
equivalent region of the phage overlay, using techniques well 
known in the art. 

0326 In a related embodiment, a library of T7 phage 
expressing free peptides is transferred to a nylon membrane 
before being placed on a newly seeded lawn of pathogenic 
bacteria. Plaques appearing in this lawn are correlated by 
orientating the filter to plaques on the E. coli/T7 lawn express 
ing bacteriostatic or antibacterial peptides. 
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0327. In another embodiment, the expression library of the 
present invention is introduced into a plurality of suitable host 
cells using the methods of introducing recombinant expres 
sion vectors described herein. Cells are then monitored for a 
change in the phenotype such as for example, as described in 
Xu et al. (In: Nature Genetics 27, 23-29, 2001). Examples of 
phenotypic changes include, but a not limited to a phenotypic 
change selected from the group comprising, modulation of 
cellular proliferation, morphological changes, resistance to 
toxins, Susceptibility to toxins, and gene expression changes. 
In adapting the described technique to the present invention, 
appropriate host cells are transformed or transfected with the 
expression libraries of the present invention, using methods 
well known in the art, and described above. Alternatively 
recombinant peptides isolated from the expression libraries 
of the present invention is incubated with the host cells, in the 
presence of a polypeptide that facilitates the uptake of pep 
tides into host cells. Said host cells are then monitored for 
specific phenotype changes, such as for example gene expres 
sion changes monitored using DNA microarrays. The nucleic 
acid encoding the peptide that induces the phenotypic change 
is then isolated. Further testing of the peptide that induces the 
desired change in phenotype is clearly envisaged. Such as, for 
example, two-hybrid analysis to determine which proteins the 
peptides interacts with, and which cellular pathways it is 
affect. 

0328 Preferably, those peptides that are identified in any 
of the above-mentioned screens to bind to a target protein or 
nucleic acid are recovered and analyzed. 
0329. In one embodiment, the nucleotide sequence of the 
nucleic acid encoding the identified peptide or protein 
domain is determined. Preferably, the sequences of several 
distinct peptides identified in a specific screen of a library are 
aligned and compared, and highly conserved primary and/or 
secondary structures within the peptides or protein domains 
are determined. Alternatively, or in addition, less conserved 
structures are also determined. More preferably, the highly 
conserved structural features are used to design and/or to 
produce additional peptides having the same or enhanced 
binding properties as the peptides identified in the initial 
Screening. 
0330. In an alternative embodiment, the recovered peptide 
or protein domain and/or nucleic acid encoding same is 
recovered and used to validate a therapeutic target (ie. it is 
used as a target validation reagent). By virtue of its ability to 
bind to a specific target protein or target nucleic acid, it is well 
within the ken of a skill artisan to determine the in vivo effect 
of modulating the activity of the target protein or target 
nucleic acid by expressing the identified peptide or protein 
domain in an organism (eg., a bacterium, plant or animal Such 
as, for example, an experimental animal or a human). In 
accordance with this aspect of the present invention, a phe 
notype of an organism that expresses the identified peptide or 
protein domain is compared to a phenotype of an otherwise 
isogenic organism (ie. an organism of the same species or 
strain and comprising a Substantially identical genotype how 
ever does not express the peptide or protein domain). This is 
performed under conditions sufficient to induce the pheno 
type that involves the target protein or target nucleic acid. The 
ability of the peptide or protein domainto specifically prevent 
expression of the phenotype, preferably without undesirable 
or pleiotropic side-effects indicates that the target protein or 
target nucleic acid is a Suitable target for development of 
therapeutic/prophylactic reagents. 



US 2012/0178649 A1 

0331. Accordingly, a further aspect of the present inven 
tion provides a method for determining a therapeutic or pro 
phylactic target comprising 
0332 (a) screening an expression library of the present 
invention to identify a peptide expressed by the library that 
binds to a target protein or target nucleic acid; 

0333 (b) selecting a peptide from (a) that does not bind to 
said target protein or nucleic acid in its native environment; 
and 

0334 (c) expressing the selected peptide in an organism 
and determining a phenotype of the organism that is modu 
lated by the target protein or target nucleic acid. 

0335 Preferably, determining a phenotype of the organ 
ism that is modulated by the target protein or target nucleic 
acid comprises comparing the organism to an otherwise 
isogenic organism that does not express the selected peptide. 
For example, the phenotype of an organism that expresses a 
tumor is assayed in the presence and absence of a peptide or 
protein domain that blocks an interaction between SCL and 
E47 in a screen of the expression library of the invention. 
Amelioration of the oncogenic phenotype by the expressed 
peptide indicates that the SCL/E47 is a suitable target for 
intervention, wherein the peptide is then suitably formulated 
for therapeutic intervention directly, or alternatively, small 
molecules are identified that are mimetics of the identified 
peptide or protein domain. 
0336. It is to be understood that any use of an expression 
library of the present invention extends to the obtaining of 
said expression library, or the production of the expression 
library. 
0337. It will also be apparent from the preceding descrip 
tion that the library can be screened using an selected from the 
group consisting of yeast-2-hybrid, n-hybrid, reverse-2-hy 
brid, reverse n-hybrid, split two hybrid, bacterial display, 
phage display, retroviral display, covalent display and in vitro 
display, or using an affinity purification, Such as, for example, 
an immunoassay that measures the formation of an antigen 
antibody complex. 
0338. It will also be apparent from the description herein 
that the peptide selection may comprise (i) determining the 
amino acid sequence of the peptide or determining the nucle 
otide sequence of the corresponding nucleic acid encoding 
said peptide and deriving the amino acid sequence from said 
nucleotide sequence or determining a known function of the 
amino acid sequence; and (ii) excluding a peptide that binds 
to a target protein or target nucleic acid associated with the 
known sequence or known function. 
0339. In accordance with this embodiment, a selection is 
applied (eg., using flow cytometry to sort cells with particular 
Surface expression characteristics) to isolate library transfor 
mants which have acquired a desired phenotype. The amino 
acid sequence of the peptide expressed from Such positively 
selected clones is then be determined by PCR cloning and 
sequencing. Two hybrid screening, as described herein, using 
the isolated peptide as a bait protein is used to identify the 
target proteins which the peptide bound to exert its pheno 
typic effect. 
0340. By way of an example, the expression library of the 
present invention is introduced into a cell line and expression 
induced. After a time sufficient for expression of the peptides 
encoded by the expression library to occur, the cells are 
exposed to a toxin to which the wildtype cells are susceptible, 
Such as, for example staurosporine. Following Such exposure, 
those cells that are not resistant to the toxin die by apoptosis. 
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Those cells that survive the selection pressure are analyzed 
further to determine if their survival is a consequence of their 
expressing a peptide that enables them to Survive exposure to 
the toxin. Preferably, the nucleic acid encoding this peptide is 
isolated and sub-cloned for further analysis. 
0341. In another embodiment, the expression library of the 
present invention is arrayed and individual nucleic acid frag 
ments or pools of nucleic acid fragments are introduced into 
a whole organism, using methods well known in the art, and 
described herein. Particular model organisms include, but are 
not limited to, Arabidopsis thaliana, Anopheles gambiae, 
Caenorhabditis elegans, Danio rerio, Drosophila melano 
gaster; Mus sp., Takifiugu rubripes, Rattus sp., Saccharony 
ces cerevesiae, and Schizosaccharomyces pombe. Array 
methods described in Hogan et al (In: Manipulating the 
Mouse Embryo. A Laboratory Manual. 2" Edition. Cold 
Spring Harbour Laboratory. ISBN: 0879693843, 1994) are 
preferred. After a time sufficient for the organisms to develop 
to a Suitable stage in the life cycle for a target phenotype to be 
expressed, transformed organisms are monitored for a change 
in the phenotype, using methods well known in the art, Such 
as for example the SHIRPA protocol described in Rogers et 
al, Mamm. Genome 8(10), 711–713, 1997. Organisms 
expressing a desired change in phenotype are retained for 
further analysis. Further testing of the peptide that induces the 
desired change is clearly encompassed by the present inven 
tion. 
0342. A similar method is applied to the identification of 
those nucleic acids that encode a polypeptide that confers 
resistance to, for example, toxins, pathogens, or specific 
forms of cancer. By way of example, fertilized mouse ova are 
microinjected with individual, or pools of gene constructs 
comprising nucleic acid fragments of the present invention. 
After implanting the microinjected ova and allowing trans 
genic mice to be born and to develop beyond weaning (ie. 
approximately 21 days), mice are exposed to a challenge by a 
microorganism, Such as for example Pfalciparum. Following 
an exposure to P falciparum at high dose, mice that are 
susceptible to Pfalciparum die. Mice that do not die are 
retained and nucleic acid used to produce those mice are 
recovered (eg., by PCR) and the sequences determined. 
0343. It will also be appreciated by those skilled in the art 
that the above described method is adapted to monitor any 
phenotypic changes, for example through methods selected 
from the group comprising H incorporation, measures of 
apoptosis (eg TUNEL staining), secretion of particular hor 
mones/proteins, and morphological changes, amongst others 
0344. In a related embodiment those peptides that are able 
to modulate the phenotype are further analyzed to determine 
those cellular components with which the peptide interacts. 
Methods used in the analysis of protein interactions are well 
known in the art and are described in Weber (In: Protein 
interactions. Chapman and Hall, New York, 1992). Through 
determining the proteins with which the peptides interact, the 
gene expression libraries of the present invention is used for 
the validation of potential drug targets or in determining the 
proteins involved in specific cellular pathways and processes. 
0345 Aparticularly preferred embodiment of the present 
invention relates to the identification of a peptide or protein 
domain that is able to modulate the biological activity of a 
target protein or nucleic acid, wherein the modulated biologi 
cal activity is the ability of the target protein or nucleic acid to 
bind to another protein or nucleic acid and wherein the modu 
lated binding is determined using a reporter molecule. As 
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used herein, the term “reporter molecule' shall be taken to 
mean a molecule that displays a physically measurable prop 
erty that alters in a way that can be measured and correlated 
with changes in the biological activity or a target protein or 
nucleic acid. Reporter molecules are well known in the art, 
and include, but are not limited to, proteins that fluoresce, for 
example green fluorescence protein, proteins that induce a 
colour change in the presence of a Substrate, for example E 
coli B-galactosidase, molecules that confer growth character 
istics on the host cells, such as for example HIS1, and mol 
ecules that induce the death or reduced growth ability of the 
host cells, such as for example URA3 and CYH1. 
0346. One embodiment of the present invention relates to 
the identification of nucleic acids that encode peptides having 
a conformation capable of binding to a DNA sequence. The 
one-hybrid assay, as described in Chong and Mandel (In: 
Bartel and Fields, The Yeast Two-Hybrid System, New York, 
N.Y. pp 289-297, 1997) is used to determine those peptides 
able to bind to a target DNA sequence. In adapting the stan 
dard one-hybrid technique to the present purpose, the target 
nucleotide sequence is incorporated into the promoter region 
of a reporter gene(s), the expression of which can be deter 
mined as described above. The peptide encoded by the 
expression library of the present invention is expressed in 
Such a manner that it forms a fusion protein with a transcrip 
tional activation domain (for example from the GAL4 pro 
tein, the Lex A protein, or the mouse NF KB protein). The 
transcriptional activation domain is recruited to the promoter 
through a functional interaction between the expressed pep 
tide and the target nucleotide sequence. The transcriptional 
activation domain Subsequently interacts with the basal tran 
Scriptional machinery of the cell, activating expression of the 
reporter genes. 
0347 In another embodiment a polypeptide is identified 
that is able to bind a target protein or peptide using the 
two-hybrid assay described in U.S. Pat. No. 6,316,223 to 
Payan et al and Bartel and Fields. The Yeast Two-Hybrid 
System, New York, N.Y., 1997. The basic mechanism 
described requires that the binding partners are expressed as 
two distinct fusion proteins in an appropriate host cell. Such as 
for example bacterial cells, yeast cells, and mammalian cells. 
In adapting the standard two-hybrid Screen to the present 
purpose, a first fusion protein consists of a DNA binding 
domainfused to the target protein, and a second fusion protein 
consists of a transcriptional activation domain fused to the 
peptide encoded by the expression library of the present 
invention. The DNA binding domain binds to an operator 
sequence which controls expression of one or more reporter 
genes. The transcriptional activation domain is recruited to 
the promoter through the functional interaction between the 
peptide expressed by the expression library of the present 
invention and the target protein. Subsequently, the transcrip 
tional activation domain interacts with the basal transcription 
machinery of the cell, thereby activating expression of the 
reporter gene(s), the expression of which can be determined. 
0348. The three hybrid assay as described in Zhang etal 
(In: Bartel and Fields, The Yeast Two-Hybrid System, New 
York, N.Y. pp 289-297, 1997) is used to determine those 
peptides that bind target RNA sequences. In adapting the 
described 3-hybrid technique to the present invention, a first 
fusion protein consists of a DNA binding domain which is 
fused to a known RNA binding protein, eg. the coat protein of 
bacteriophage MS2. An RNA hybrid molecule is also formed, 
consisting of a fusion between a RNA molecule known to 
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bind the RNA binding protein, eg. MS2 binding sequences, 
and a target RNA binding sequence. A second fusion protein 
consists of a transcriptional activation domain fused to the 
peptide encoded by the expression library of the present 
invention. The DNA binding domain of the first fusion protein 
binds to an operator sequence that controls expression of one 
or more reporter genes. The RNA fusion molecule is recruited 
to the first fusion protein through the functional interaction 
between the RNA binding protein and the RNA molecule 
known to interact with said RNA binding protein. The tran 
Scriptional activation domain is recruited to the promoter of 
one or more reporter molecules through functional interac 
tion between the target RNA sequence of the peptide encoded 
by the nucleic acid of the present invention. 
0349 Other modifications of the two-hybrid screens are 
well known in the art, such as for example the PolIII two 
hybrid system, the Tribrid system, the ubiquitin based split 
protein sensor System and the SoS recruitment system as 
described in Vidal and Legrain Nucl. Acid Res. 27(4), 919 
929 (1999). All of these systems are particularly contem 
plated. 
0350 A particularly preferred embodiment of the present 
invention relates to the identification of peptides that antago 
nize or inhibit the interaction between the target protein or 
nucleic acid and another protein or nucleic acid. Accordingly, 
reverse n-hybrid screens are employed to identify agonist 
molecules. Reverse hybrid screens differ from the forward 
hybrid screens Supra in that they use a counter selectable 
reporter marker(s), such as for example the URA3 gene, the 
CYH2 gene or the LYS2 gene, to select against interactions 
between the target protein or nucleic acid and another protein 
or nucleic acid. Cell survival or cell growth is reduced or 
prevented in the presence of a non-toxic substrate of the 
counter selectable reporter gene product, which is converted 
by the counter selectable marker to a toxic compound, such as 
for example the CYH1 gene product which confers lethality 
in the presence of cycloheximide. Accordingly, cells in which 
the interaction between the target protein and another protein 
or nucleic acid is blocked or inhibited survive in the presence 
of the substrate. This is because the counter selectable 
reporter molecule will not be expressed, and accordingly, the 
substrate will not be converted to a toxic product. Such a 
result Suggests that the peptide encoded by the expression 
library of the present invention is an inhibitor of the interac 
tion between the target protein or nucleic acid and another 
protein or nucleic acid. 
0351. In a particularly preferred embodiment, the screen 
ing method of the present invention identifies an antagonist of 
a protein: protein interaction or protein: nucleic acid interac 
tion. In accordance with this embodiment, the present inven 
tion provides a reverse two hybrid Screening process, such as, 
for example, essentially as described by Watt et al. (U.S. Ser. 
No. 09/227,652), for identifying an inhibitory amino acid 
sequence that partially or completely inhibits a target protein 
protein interaction or DNA-protein interaction involving one 
or more protein binding partners said method comprising: 
0352 (i) providing cells that each comprise: (a) a nucleic 
acid comprising a counter-selectable reporter gene encod 
ing a polypeptide that is capable of reducing cell growth or 
viability by providing a target for a cytotoxic or cytostatic 
compound (eg., CYH2 gene that confers Susceptibility to 
cycloheximide) or by converting a Substrate to a cytotoxic 
or cytostatic product (eg. URA3 gene that converts 5-FOA 
to a toxic product), said gene being positioned downstream 



US 2012/0178649 A1 

of a promoter comprising a cis-acting element Such that 
expression of said gene is operably under the control of 
said promoter and wherein a protein binding partner of the 
protein-protein interaction or the DNA-protein interaction 
being assayed binds to said cis-acting element; and (b) 
nucleic acid selected from the group consisting of: (i) 
nucleic acid encoding a protein of the DNA-protein inter 
action that binds to said cis-acting element to activate 
expression of the counter-selectable reporter gene; and (ii) 
nucleic acids encoding two protein binding partners of the 
protein-protein interaction wherein a protein binding part 
ner binds to the cis-acting element and the protein binding 
partners interact, said binding to the cis-acting element and 
said interaction being required to activate expression of the 
counter-selectable reporter gene; 

0353 (ii) transforming or transfecting the cells or a por 
tion of the cells with an expression library of the invention 
Such that a single gene construct of the expression library is 
present in each transformed or transfected cell; 

0354 (iii) culturing the transformed or transfected cells 
for a time and under conditions sufficient for the protein 
binding partner(s) to activate expression of the counter 
selectable reporter gene in the absence of inhibition of the 
protein-protein interaction or the DNA-protein interaction 
by an amino acid sequence encoded by the expression 
library; 

0355 (iv) culturing the transformed or transfected cells 
under conditions sufficient for an amino acid sequence of 
the expression library to be expressed in each of said trans 
formed or transfected cells or a proportion of said trans 
formed or transfected cells; 

0356 (v) culturing the transformed or transfected cells in 
the presence of the substrate or the cytotoxic or cytostatic 
compound Such that the expressed counter-selectable 
reporter gene reduces the growth or viability of the cells 
unless said expression is reduced by virtue of an amino acid 
sequence of the expression library inhibiting the target 
protein-protein interaction or DNA-protein interaction; 

0357 (vi) selecting a cell having enhanced growth or 
viability compared to a cell that does not express the amino 
acid sequence of the expression library wherein the 
enhanced growth or viability is indicative of a partial or 
complete inhibition of the protein-protein interaction or a 
DNA-protein interaction by the amino acid sequence and 

0358 (vii) selecting a peptide expressed by the cell at (vi) 
that does not bind to a protein or nucleic acid of the protein 
protein interaction or a DNA-protein interaction in its 
native environment. 

0359 Preferably, wherein a protein-protein interaction is 
being assayed, the binding of the two protein binding partners 
reconstitutes a functional transcriptional regulatory protein, 
Such as, for example, by virtue of the binding partners being 
expressed as fusion proteins wherein each fusion protein 
comprises a portion of a transcriptional regulatory protein 
that does not modulate transcription without the other portion 
(eg., a fusion protein comprising a transcriptional activator 
domain and a fusion protein comprising a DNA-binding 
domain). In a particularly preferred embodiment, one fusion 
protein comprises a Gal4 DNA-binding domain fused to 
SCL, and anotherfusion protein comprises the transcriptional 
activation domain of the LMO2 protein and a domain that 
interacts with SCL and the URA3 counter selectable reporter 
gene is operably under the control of a promoter comprising 
a GalA upstream activator sequence (GalA UAS). Such that 

31 
Jul. 12, 2012 

docking of the Gal4/SCL fusion to the Gal4UAS and binding 
between SCL and LMO2 is required to activate transcription 
of the URA3 gene, thereby conferringlethality on cells grown 
in the presence of 5-fluoro orotic acid (5-FOA). In screening 
the expression library, only those cells that survive in the 
presence of 5-FOA are selected. 
0360 For example, a specific receptor is expressed as a 
DNA binding domain fusion protein, such as with the DNA 
binding domain of GAL4, and the ligand of said receptor is 
expressed as an activation domainfusion protein, such as with 
the GAL4 activation domain. These fusion proteins are 
expressed in yeast cells in operable connection with the 
CYH1 counter selectable marker, wherein expression of the 
CYH1 gene requires a physical interaction between the 
GAL4 DNA binding domain and the GAL4 activation 
domain. This physical relation is achieved is achieved, for 
example, by placing the expression of the marker gene under 
the control of a promoter comprising nucleotide sequences to 
which the GAL4 DNA binding domain binds. Cells in which 
the reporter gene is expressed do not grow in the presence of 
cycloheximide, because the 5-FOA is converted to a toxic 
compound. The expression libraries of the present invention 
are expressed in these yeast cells and those cells that then 
grow in the presence of cycloheximide are further analyzed, 
Such as, for example, analysis of the nucleic acid encoding the 
candidate peptide inhibitor(s). 
0361. As will be known to the skilled artisan, the reverse 
n-hybrid technique briefly described above is readily modi 
fied for use in 1-hybrid, 2-hybrid or 3-hybrid assays. 
0362. In an alternative embodiment, the antagonist is iden 
tified using a reverse split two hybrid screening process. Such 
as, for example, essentially as described by Erickson et al. 
(WO95/26400), wherein a relay gene that is a negative regu 
lator of transcription is employed to repress transcription of a 
positive readout reporter gene when the interacting proteins 
(ie., bait and prey) interact, Such that reporter gene expression 
is only induced in the absence of the protein encoded by the 
relay gene product. In accordance with this embodiment, 
there is provided a method for identifying an inhibitory amino 
acid sequence that partially or completely inhibits a target 
protein-protein interaction or DNA-protein interaction 
involving one or more protein binding partners said method 
comprising: 
0363 (i) providing cells that each comprise: (a) a nucleic 
acid encoding a negative regulator of transcription (eg. 
Gal80 or mdm2 oncoprotein-encoding gene), said nucleic 
acid being positioned downstream of a promoter compris 
ing a cis-acting element and wherein a protein binding 
partner of the protein-protein interaction or the DNA-pro 
tein interaction being assayed binds to said cis-acting ele 
ment; (b) nucleic acid selected from the group consisting 
of: (i) nucleic acid encoding a protein of the DNA-protein 
interaction that binds to said cis-acting element to activate 
expression of the negative regulator of transcription; and 
(ii) nucleic acids encoding two protein binding partners of 
the protein-protein interaction wherein a protein binding 
partner binds to the cis-acting element and the protein 
binding partners interact, said binding to the cis-acting 
element and said interaction being required to activate 
expression of the negative regulator of transcription; and 
(c) nucleic acid comprising a positive reporter gene (eg., an 
antibiotic resistance gene, herbicide resistance gene, or 
other resistance gene) operably connected to a cis-acting 
element (eg., a GAL.4 binding site capable of binding to 
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Gal80, or Gal80, or the transactivation domain of p53 that 
binds to mdm2 oncoprotein) to which the negative regula 
tor of transcription binds to thereby inhibit or repress 
expression of the positive reporter gene; 

0364 (ii) transforming or transfecting the cells or a por 
tion of the cells with an expression library of the invention 
Such that a single gene construct of the expression library is 
present in each transformed or transfected cell; 

0365 (iii) culturing the transformed or transfected cells 
for a time and under conditions sufficient for the protein 
binding partner(s) to activate expression of negative regu 
lator of transcription in the absence of inhibition of the 
protein-protein interaction or the DNA-protein interaction 
by an amino acid sequence encoded by the expression 
library; 

0366 (iv) culturing the transformed or transfected cells 
under conditions sufficient for an amino acid sequence of 
the expression library to be expressed in each of said trans 
formed or transfected cells or a proportion of said trans 
formed or transfected cells; 

0367 (v) culturing the transformed or transfected cells in 
the presence of a compound to which the positive reporter 
gene confers resistance on the cells such that the expressed 
negative regulator of transcription represses expression of 
the positive reporter gene thereby reducing the growth or 
viability of the cells unless said expression is reduced by 
virtue of an amino acid sequence of the expression library 
inhibiting the target protein-protein interaction or DNA 
protein interaction; 

0368 (vi) selecting a cell having enhanced growth or 
viability compared to a cell that does not express the amino 
acid sequence of the expression library wherein the 
enhanced growth or viability is indicative of a partial or 
complete inhibition of the protein-protein interaction or a 
DNA-protein interaction by the amino acid sequence and 

0369 (vii) selecting a peptide expressed by the cell at (vi) 
that does not bind to a protein or nucleic acid of the protein 
protein interaction or a DNA-protein interaction in its 
native environment. 

0370 Preferably, wherein a protein-protein interaction is 
being assayed, the binding of the two protein binding partners 
reconstitutes a functional transcriptional regulatory protein. 
In a particularly preferred embodiment, one protein com 
prises a Lex A fusion protein, and another protein comprises a 
VP16 fusion protein, and the positive reporter gene confers 
resistance against cycloheximide and is placed operably 
under the control of a promoter comprising a GalA upstream 
activator sequence (Gal4UAS), such that docking of a Gal80 
negative regulator of transcription to the Gal4UAS and bind 
ing between SCL and LMO2 is required to repress transcrip 
tion of the positive reporter gene, thereby preventing cells 
from proliferating. Conversely, repression of the interaction 
between the Lex A-fusion and VP16 fusion prevents Gal80 
expression allowing expression of the positive reporter gene 
to confer resistance on cells in the presence of cycloheximide, 
particularly in cells that express endogenous GalA protein. 
0371. In a preferred embodiment of the present invention, 
those nucleic acid fragments that encode a polypeptide that 
binds to a target protein or nucleic acid are exposed to further 
rounds of selection using, for example, mutagenic PCR or 
expression of said fragments in “mutator” strains of bacteria. 
This increases the diversity of the selected nucleic acid. Said 
selected nucleic acid is again screened for those that encode a 
peptide having a conformation Sufficient for binding a target 
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protein or nucleic acid. Through multiple rounds of screening 
and selection with lower concentrations of the target protein 
or nucleic acid, those peptides with the highest affinity for the 
target protein or nucleic acid are selected. 
0372. In a related embodiment, the sequences of those 
nucleic acid fragments encoding peptides that bind to the 
target protein or nucleic acid are optimally aligned and the 
sequences compared to identify those nucleic acids that 
encode amino acids that are particularly desired for binding 
the target protein or nucleic acid. Furthermore, this informa 
tion is used to generate synthetic nucleotide sequences encod 
ing peptides, or synthetic peptides, containing those amino 
acids that are particularly desirable for binding to a target 
protein or nucleic acid. 
0373) Preferably, those peptides that bind to the target 
protein or nucleic acid, are recovered and used in further 
analysis, such as for example, determining the nucleotide 
sequence of the nucleic acid encoding the identified peptide 
or protein domain. Initially, the nucleic acid fragment encod 
ing the peptide is isolated using methods well known in the 
art, such as for example, PCR, RT-PCR, and nucleic acid 
isolation, amongst others. An isolated nucleic acid fragment 
is then characterized by methods such as nucleic acid 
sequencing. Such methods are well known in the art. 
0374. In one embodiment, an insolated nucleic acid frag 
ment is placed into an expression vector using methods well 
known in the art, and described herein. Such a nucleic acid 
fragment is only expressed in a single reading frame and only 
in one direction. This method is repeated until all possible 
open reading frames of the nucleic acid fragment are tested, 
and that/those that encode a polypeptide having a conforma 
tion Sufficient for binding a target protein or nucleic acid are 
identified. As used herein the term “all possible open reading 
frames' shall include those open reading frames that include 
the entire nucleic acid fragment, in addition to those open 
reading frames that is formed within a nucleic acid fragment, 
such as for example by the inclusion of a second ATG start 
codon, a Kozak sequence, a Shine-Dalgarno sequence, or an 
internal ribosome entry sequence, amongst others. All of the 
expressed peptides are then screened in an appropriate 
screening system to determine those that have a conformation 
Sufficient for binding to a target protein or nucleic acid. 
Accordingly, analysis of the nucleic acid encoding Such a 
peptide is used to determine the amino acid sequence of the 
peptide. Using such software as the Translate tool available at 
ExPasy. As used herein, the term “ExPasy' shall be under 
stood to mean, the ExPasy proteomics server provided by the 
Swiss Institute of Bioinformatics at CMU-Rue Michel— 
Servet 1 1211 Geneve 4 Switzerland 

0375 Following isolation of the nucleic acid that encodes 
a peptide with a conformation Sufficient forbinding to a target 
protein or nucleic acid, it is preferred that all homologues of 
this sequence are isolated from the genomes of the organisms 
used to generate the expression library of the present inven 
tion. Methods of isolating homologous nucleic acid regions 
are well known in the art and are described, for example, in 
Dieffenbach (ed) and Dveksler (ed) (In: PCR Primer: A Labo 
ratory Manual, Cold Spring Harbour Laboratories, NY. 
1995). Such methods include PCR and degenerate PCR. Such 
homologues are then screened in all possible reading frames 
using a suitable screening system, as are known in the art and 
described herein. 
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0376. It is a further preferred embodiment that an identi 
fied nucleotide sequence or amino acid sequence shall be 
used as a “reference sequence' for a homology search using 
a database of all known sequences. Sucha reference sequence 
is a nucleotide or amino acid sequence to which all nucle 
otides oramino acid sequences in a database are compared. A 
number of source databases are available that contain either a 
nucleotide sequence and/or a deduced amino acid sequence 
that are particularly useful to identify all known sequences 
that are Substantially homologous the sequence of nucleic 
acid or peptide, polypeptide or protein domain identified as 
positive in the present invention. Such databases are well 
known in the art and include, for example, Genbank (at 
NCBI) and SWISS-PROT and TrEMBL (available at 
ExPasy). A number of different methods of performing such 
sequence searches are known in the art. The sequence data of 
the clone is then aligned to the sequences in the database or 
databases using algorithms designed to measure homology 
between two or more sequences. 
0377. In one embodiment, a nucleic acid identified in a 
homology search of the known nucleic acids is isolated using 
one of a variety of methods well known in the art, such as for 
example PCR amplification of the specific region of genomic 
DNA or cDNA of the organism in which the nucleic acid is 
naturally found. The sequence of the isolated nucleic acid is 
determined, used to generate a gene construct as described 
herein, and screened to determine if it encodes a peptide that 
has a conformation Sufficient for binding the target protein or 
nucleic acid. 

0378. In another embodiment a nucleic acid encoding an 
amino acid sequence identified in a homology search of 
known amino acid sequences using techniques well known in 
the art, such as for example degenerate PCR. An isolated 
nucleic acid is then used to generate a gene construct as 
described herein, and screened to determine if it encodes a 
peptide that has a conformation Sufficient for binding the 
target protein or nucleic acid. 
0379. It is a particularly preferred embodiment of the 
present invention that those nucleic acids that encode a 
polypeptide having a conformation that binds to a target pro 
tein or nucleic acid are analyzed to select those nucleic acid 
fragments that encode polypeptides that do not bind to said 
target protein or nucleic acid in its native environment. As 
used herein, the term “native environment of a polypeptide 
shall be understood to mean the protein encoded by the gene 
from which the nucleic acid fragment was isolated. Accord 
ingly, it is the aim of the present invention to identify those 
polypeptides that display a novel function, for example by 
binding to a target protein or nucleic acid to which it cannot 
bind in the context of the protein in which it naturally occurs. 
0380. The known function/s of the polypeptides isolated 
in the screening of the libraries of the present invention are 
determined using sequence analysis Software as is available 
from, for example NCBI, or Prosite. As used herein the term 
“Prosite' shall be understood to mean the Prosite protein 
database which is a part of the ExPasy proteomics server 
provided by the Swiss Institute of Bioinformatics at CMU 
Rue Michel Servet 1 1211 Geneve 4 Switzerland. Accord 
ingly, those polypeptides that are known to bind to the target 
protein or nucleic acid in their native environment are 
excluded from any further analysis. Furthermore, analysis of 
the bioinformatic information available, for example, at 
NCBI aids in determining the native function of a protein. 
Such analysis will determine if, for example, the pathway 
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being modified exists in an organism from which a peptide is 
identified or if a target protein or nucleic acid is found in any 
of the organisms used to generate an expression library. 
0381. It is particularly preferred that an expression library 
of the present invention is generated using nucleic acid frag 
ments isolated from organisms that are distinct from the 
organism in which the target protein or nucleic acid naturally 
occurs. For example, to identify a nucleic acid that encodes a 
peptide that has a conformation Sufficient for binding the 
Hi-PAL (P6) outer membrane protein of Haemophilus influ 
enzae an expression library is generated from the organisms 
Aeropyrum permix, Aquifex aeolicus, Archaeoglobus filgidis, 
Bacillus subtilis, Bordetella pertussis, Borrelia burgdorferi, 
Chlamydia trachomatis, Escherichia coli, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Synechocystis PCC 6803, Thermoplasma volcanium and 
Thermotoga maritima. This will reduce the likelihood of 
identifying a peptide that interacts with the Hi-PAL (P6) 
protein in its native environment. Even more preferably, an 
expression library is generated using the organisms Aeropy 
rumpernix, Aquifex aeolicus, Arabidopsis thaliana, Archaeo 
globus fiulgidis, Caenorhabditis elegans, Danio rerio, Droso 
phila melanogaster; Methanobacterium 
thermoautotrophicum, Methanococcus jannaschii, Pyrococ 
cus horikoshii, Saccharomyces cerevesiae, Takifigu 
rubripes, Thermoplasma volcanium, and Thermotoga mar 
itima as these organisms are unlikely to occur in the same 
environment as Haemophilus influenzae, and as such, any 
peptide isolated from such an expression library would be 
especially unlikely to interact with Hi-PAL (P6) in its native 
environment. 
0382 Another aspect of the present invention is a database 
of nucleic acids that are found in an expression library of the 
present invention. As the nucleic acid fragments are derived 
from organisms with Substantially sequenced genomes, it is 
possible to use this information to generate a database of the 
nucleotide sequences of nucleic acid fragments that is gener 
ated in the construction of an expression library of the present 
invention. 
(0383. The utility of the database lies in the ability for a 
skilled person to search the database for a nucleotide 
sequence oramino acid sequence determined by Screening an 
expression library of the present invention. In this way, it is 
possible to identify nucleic acid fragments that encode a 
peptide that is adopt a conformation Sufficient for binding to 
a specific target protein or nucleic acid. Furthermore, the 
database allows the user to identify a sequence that is homolo 
gous to a nucleic acid, in addition to determining from which 
species it is derived. Once a sequence is identified, the spe 
cific nucleic acid is isolated from the expression library using 
techniques well known in the art, eg. PCR and the expressed 
peptide analyzed. 
0384 Nucleotide sequences of the nucleic acid fragments 
of the expression library are derived from any one of many 
publicly known databases, such as for example NCBI or 
TIGR, as the organisms used in the generation of an expres 
sion library of the present invention has a substantially 
sequenced genome. 
0385 Amino acid sequences that are found in the database 
are derived by conceptual translation of nucleotide sequences 
that are found in an expression library of the present inven 
tion. The conceptual translation of a nucleotide sequence 
comprises applying the known codon usage rules to obtain 
hypothetical peptide sequences by translating a nucleotide 
sequence in both orientations and in all three reading frames 
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for each possible orientation. Software for translation of 
nucleotide sequence to amino acid sequence is well known in 
the art, and includes, for example, the Translate tool at 
ExPasy. Care is taken to translate a nucleotide sequence using 
the known codon usage of the organism in which a nucleic 
acid fragment is to be expressed. Such codon usage informa 
tion is well known in the art. Amino acid sequences are also 
derived by sequencing the expressed peptides. Methods of 
sequencing peptides and proteins are well known in the art. 
0386 Alternatively or in addition, various comparisons 
can be made between the Library database sequences and any 
other sequence database as would be familiar to those prac 
ticed in the art. 
0387 Additionally, the sequence information is used to 
generate a highly specific probe for isolating both genomic 
clones from existing databases, as well as cDNA. Addition 
ally, the probe is used to isolate the homologous nucleic acid 
fragment from Sufficiently related species, including humans. 
Once isolated, the nucleic acid fragment is inserted into a 
gene construct and screened as herein described. 
0388. In a related embodiment, a database of amino acid 
sequences of peptides is analyzed to generate a database of 
potential domain structures, or three-dimensional structures 
that is formed by a peptide expressed by the expression 
library of the present invention. Methods for predicting the 3 
dimensional structure of a peptide are well known in the art, 
and are described, for example, in US Patent Application No 
20020150906 (California Institute of Technology), or using a 
computer program or algorithm, such as, for example, MOD 
ELLER, (Sali and Blundell, J. Mol. Biol. 234, 779-815, 
1993). These techniques rely upon aligning the sequence of a 
peptide with the sequences of peptides or proteins that have a 
characterized structure. Such alignment algorithms are well 
known in the art and are accessed through software packages 
such as, for example BLAST at NCBI. Structural informa 
tion, ie. three-dimensional structure, of a query peptide is then 
be predicted based upon structural information correspond 
ing to the sequence or Subsequences aligned in the proteins or 
peptides that have previously been characterized. In this way 
it is possible to generate a library of three-dimensional struc 
tures of peptides expressed from the expression library of the 
present invention. This information is used to determine those 
sequences that is adopt a conformation Sufficient for binding 
to a target protein or nucleic acid. Accordingly, the nucleic 
acid fragment encoding Such a peptide is isolated using meth 
ods well known in the art, and inserted into a gene construct. 
The encoded peptide is then screened using the methods 
described herein. 
0389. The present invention is further described with ref 
erence to the following non-limiting examples. 

Example 1 

The Construction of a Biodiverse Nucleic Acid Frag 
ment Expression Library in the Vector plEATH-Trp 

0390 Nucleic acid was isolated from the following bacte 
rial species: 

Archaeoglobits fitigidis 
Aquifex aeiiticits 
Aeropyrim pernix 
Bacilius subtiis 
Bordeteila pertussis TOX6 

34 
Jul. 12, 2012 

-continued 

6 Borrelia burgdorferi 
7 Chlamydia trachomatis 
8 Escherichia coli K12 
9 Haemophilus influenzae (rd) 
10 Helicobacter pylori 
11 Methanobacterium thermoautotrophicum 
12 Methanococcus jannaschii 
13 Mycoplasma pneumoniae 
14 Neisseria meningitidis 
15 Pseudomonas aeruginosa 
16 Pyrococcus horikoshi 
17 Snechosisiis PCC 6803 
18 Thermoplasma volcanium 
19 Thermotoga maritima 

0391) Nucleic acid fragments were generated from the 
genomic DNA of each genome using 2 consecutive rounds of 
PCR using tagged random oligonucleotides with the 
Sequence: 

0392 5'-GACTACAAGGACGACGACGACAAGGCT 
TATCAATCAATCAN-3' (SEQ ID NO: 33). The PCR 
amplification was completed using the Klenow fragment of 
E. coli DNA polymerase I in the following PCR reaction: 

Reagent Volume 

DNA (100-200 ng) 
Oligonucleotide comprising SEQID NO:33 (25 M) 4 Il 
HO to 17.4 ul. 

0393 Samples were then boiled for 3-5 minutes to dena 
ture the nucleic acid isolated from the bacteria, before being 
Snap cooled, to allow the tagged random oligonucleotides to 
anneal to said nucleic acid. These samples were then added to 
the following reagents: 

Klenow buffer 3 ul 
dNTP (2 mM) 3 ul 
Klenow 0.6 ul 
Polyethylene Glycol (8,500) 6 ul 

0394 PCR reactions were then incubated at 15° C. for 30 
minutes, then at room temperature for 2 hours, before being 
heated to 37° C. for 15 minutes. 

0395. Samples were boiled for 5 minutes to again denature 
the nucleic acid, before being Snap cooled to allow renatur 
ation of said nucleic acid. Another 0.5 ul of the Klenow 
fragment of E. coli DNA polymerase I was added to each 
reaction and the samples incubated at 15° C. for 30 minutes, 
then at room temperature for 2 hours, before being heated to 
37° C. for 15 minutes. 

0396 Following boiling the samples, following snap cool 
ing another 2 rounds of PCR were completed using the tagged 
random oligonucleotide: 

(SEQ ID NO: 34) 
5'-GACTACAAGGACGACGACGACAAGGCTTATCAATCAATCAN-3' 
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0397 To complete this the following reagents were added 
to the samples of the previous step: 

Oligonucleotide comprising SEQID NO 34 (25 M) 4 ul 
Klenow Buffer 1 Jul 
dNTP (2 mM) 3 ul 
Klenow 0.5 ul 
HO to 40 ul 

0398 Samples were then incubated at 15° C. for 30 min 
utes, then at room temperature for 2 hours, before being 
heated to 37° C. for 15 minutes. 
0399 Samples were boiled for 5 minutes to again denature 
the nucleic acid, before being Snap cooled to allow renatur 
ation of said nucleic acid. Another 0.5 ul of the Klenow 
fragment of E. coli DNA polymerase I was added to each 
reaction and the samples incubated at 15° C. for 30 minutes, 
then at room temperature for 2 hours, before being heated to 
37° C. for 15 minutes. 
0400. Following completion of the PCR amplification all 
sample volumes were increased to 500 ul with TE buffer and 
added to an Amicon spin column. These columns were then 
centrifuged for 15 minutes at 3,800 rpm in a microcentrifuge. 
Columns were then inverted and 30 ul of TE buffer was added 
before the columns were centrifuged for 2 minutes at 3,800 
rpm, with this fraction collected for later use. The Klenow 
amplified DNA was then used in subsequent DNA manipu 
lations. 
04.01 The now purified PCR products were then used in a 
PCR reaction with an oligonucleotide comprising the follow 
ing sequence: 
0402 5'-GAGAGAATTCAGGTCAGACTACAAGGAC 
GACGACGACAAG-3' (SEQID NO:35), wherein an EcoRI 
restriction endonuclease site is shown in bold text, and three 
stop codons are underlined. Note that each of the stop codons 
is in a different reading frame. 
0403. Thus, the following PCR reaction was used: 

Oligonucleotide comprising SEQID NO:35 (10M) 
PCR buffer 
dNTP (2 mM) 
Taq polymerase (Boehringer) 5.5 U?ul) 
HO 
Klenow amplified DNA 

1 

. 2 i 
0404 Reactions were then cycled in a thermocycler using 
the following program: 

04.05 95° C. for 2 min: 60° C. for 30 sec; 72° C. for 1 
min; 

0406 95° C. for 20 sec; 60° C. for 30 sec; 72° C. for 1 
min (repeated 29 times); and 

04.07 72° C. for 5 min. 
0408 PCR products were then purified using Amicon 
spins columns. 
04.09. The PCR products were then analyzed by electro 
phoresis on standard TAE-agarose gels to determine the 
approximate size of the nucleic acid fragments generated as 
shown in FIG. 2. The nucleic acid concentration of the 
samples was also determined. 
0410 PCR products from each of the 19 bacterial species 
were then pooled to generate a biodiverse nucleic acid library. 
To do so, DNA from each organism was added in an equimo 
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lar amount when compared to the amount of nucleic acid 
added to the pool from the organism with the smallest 
genome. Between 1 Jugand 10 ug of DNA from each organism 
was used, depending on the genome size of the organism from 
which the DNA was obtained. 

0411. In order to allow efficient cloning of the nucleic acid 
fragments into the pDEATH-Trp vector (SEQ ID NO:36: 
FIG. 3), both the fragments and the vector were digested with 
the EcoRI restriction endonuclease. Restriction digests were 
completed in the following reactions: 
0412 Digestion of PCR products used the following reac 
tion conditions: 

PCR products (lug) 
EcoRI Buffer (Promega) 17 ul 
BSA (10x) 17 ul 
EcoRI enzyme (20 UIL) (Promega) 0.9 ul 
H2O to 170 ul 

0413 Restriction digests were allowed to proceed for 40 
minutes at 37°C. Samples were then purified using QIAquick 
PCR purification columns as per manufacturer's instructions. 
Nucleic acid was eluted into 50 ul of H0. 
0414 Digestion of pDEATH-Trp. vector used the follow 
ing reaction conditions: 

pDEATH-Trp (25 g) 
EcoRI Buffer (Promega) 100 ul 
BSA (10X) 100 ul 
EcoRI enzyme (20 UIL) 4 Il 
H2O to 1000 ul 

0415 Restriction digests were allowed to proceed for 5 
minutes at 37° C. Samples were then purified using 3 
QIAquick PCR purification columns as per manufacturer's 
instructions. Nucleic acid was eluted into 150 ul of H0. 
0416) The fragments generated from the PCR products 
were then ligated into the plDEATH-Trp. vector (SEQID NO 
36) using the following reaction: 

pDEATH-Trp (2 g) 
BGF-PCR Fragments (lug) 
Ligation Buffer (10x) (NEB) 20 ul 
T4 DNA Ligase (NEB) 10 ul 
H2O to 200 ul 

0417 Ligation reactions were allowed to proceed over 
night at 16°C. The ligase was then heat inactivated by incu 
bating the samples at 65° C. for 30 minutes. Following 
completion of the ligation reaction sample Volumes were 
increased to 500 ul with TE buffer and added to an Amicon 
spin column. These columns were then centrifuged for 15 
minutes at 3,800 rpm in a microcentrifuge. Columns were 
then inverted and 30 ul of TE buffer was added before the 
columns were centrifuged for 2 minutes at 3,800 rpm, with 
this fraction collected for later use. 
0418. The pl)EATH-Trp. vector containing the biodiverse 
nucleic acid fragment was then transformed into E. coli 
TOP10 cells. Expression vectors were then isolated from 
bacteria using standard procedures. Restriction enzyme 
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digestion of the isolated vectors using EcoRI was then used to 
characterise the size of the inserts contained in the library, as 
shown in FIG. 4. 
0419 Vectors were then pooled and transformed into the 
yeast strain PRT 51. Yeast strain PRT-51 is characterized by 
the following genotype: MATC, his3, trp 1, ura3, 6 Lex A 
LEU2, lys2:3 clop-LYS2, CYH2', ade2: G418-pzero-ade2, 
met15:Zeo-pl3LUE-met 15, his5::hygro. 
0420. The result of this transformation was a library of 61 
million clones. The recombinant clones each express a pep 
tide that is fused to another polynucleotide sequence encod 
ing the FLAG epitope or other marker. 

Example 2 

Characterization of a Biodiverse Nucleic Acid Frag 
ment Expression Library in the plEATH-Trp Vector 

0421 Sequence analysis of nucleic acids cloned into 
pDEATH-Trp vector show that the fragments are derived 
from a variety of organisms, and encode a variety of proteins, 
as shown in Table 2. 

TABLE 2 

Characterization of nucleic acid fragment cloned into pI EATH-Trp 

Insert 
size Genbank 

No. (bp) Organism ID Function 

1 114 P. aeruginosa AAGO5339.1 Hypothetical Protein 
143 Synechocystis BAA10184.1 Fructose 

PCC6803 
3 166 E. coi AAC73742.1 Lipoprotein 
4 180 B. subtiis CAB12SSS.1 methyl-accepting 

chemotaxis protein 
5 150 N. meningitis AAF41991.1 Nutilization substance 

protein A 
6 240 E. coi AAC75637.1 Hypothetical protein 
7 357 H. pylori AAD08555.1 transcription termination 

factor NuSA 
8 83 Z. maritina AAD36283.1 Hypothetical protein 

Example 3 

Screening of a Biodiverse Nucleic Acid Fragment 
Library for Inhibitors of the Interaction Between the 
Polymyositis-Scleroderma Autoantigen (SCL) and 
Basic Helix-Loop-Helix Transcription Factor E47 

0422 Nucleic acid encoding the SCL protein was cloned 
into the prey vector pFK (SEQID NO: 60; FIG. 5) in oper 
able connection with a nuclear localisation signal, and a B42 
activation domain. The nucleic acid encoding the E47 protein 
was cloned into the bait vectorpDD (SEQID NO: 61: FIG. 6) 
in operable connection with the Lex A DNA binding domain. 
The pD vector also contains a nucleic acid encoding the 
HIS3 gene (FIG. 6). 
0423. These vectors were transformed into the PRT 480 
yeast strain (which contains two Lex A-CYH2 chimeric 
reporter genes and two Lex A-URA3 counter selectable 
reporter genes). 
0424 The process of screening the library is represented 
schematically in FIG. 7. Briefly, the PRT 480-SCL/E47 bait 
prey haploid strain was grown to high density in complete 
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synthetic media lacking histidine and uracil (ie., HU media) 
and supplemented with 0.03% (w/v) galactose/2% (w/v) 
raffinose and then mass-mated with the PRT 51-library strain 
produced as described in Example 1. Approximately 300,000 
diploids were plated onto 30 cm plates containing complete 
synthetic media lacking histidine and tryptophan (ie., HW 
media), and supplemented with 0.06% (w/v) galactose/0. 
04% 5-FOA and glucose. 
0425. After growth of these plates at 30° C. for 2-3 days, 
1000 FOA-resistant colonies were isolated and plated onto a 
master-plate of complete synthetic media lacking histidine 
and tryptophan (ie., HW media). These cells potentially 
expressed peptide antagonists (ie., blockers) that prevent the 
SCL/E47 interaction, however may also include cells that had 
shut down expression of the URA3 reporter genes, such as, 
for example, by epistasis. 
0426 Results of this primary reverse two-hybrid screen 
are shown in FIG. 8. 

0427. The FOA-resistant colonies were replica-plated 
from the master-plate onto plates containing HWU media, or 
media lacking histidine, tryptophan and leucine (ie. HWL 
media). The replica-plate media also contained various con 
centrations of galactose. By modulating the level of galactose 
in the media, we were able to discriminate between yeast cells 
expressing genuine peptide blockers as opposed to those cells 
that had shut down expression of the URA3 reporter genes, 
Such as, for example, by epistasis. 
0428 Results of this secondary screen are shown in FIG. 
9. In summary, 54 colonies (6% of FOA-resistant colonies) 
were isolated from this screen. 

0429 Yeast colonies that exhibited reduced growth on 
leucine-containing media were selected and a library plasmid 
was rescued from each colony. Those plasmids that were from 
cells wherein the SCL/E47 interaction was antagonized or 
inhibited were sequenced. 
0430 Library plasmids were re-transformed into strain 
PRT51, and the resultant yeast cells were again mated with 
strain PRT 480 SCL/E47 haploids. Diploids were re-screened 
for their ability to block the SCL/E47 interaction, by plating 
in the forward direction on plates containing HWU or HWL 
media Supplemented with various concentrations of galac 
tose. The ability of a particular plasmid to recapitulate the 
blocked phenotype was determined. 
0431 Data shown in FIG. 10 indicate that, for 54 colonies 
tested, the interaction between SCL and E47 was again inhib 
ited in 26 clones (ie. 2% of FOA-resistant colonies). Seven 
clones were found to recapitulate the blocking of an interac 
tion between SCL and E47 twice. 

0432 Subsequently, the specificity of blocking was 
assayed, by mating those strains that did recapitulate the 
blocked phenotype into a strain PRT480 expressing two inter 
acting proteins selected from the group consisting of: (i) E2.2 
2F and SCL; and (ii) ID and E47. The E2-22F protein is a 
helix-loop-helix protein that is capable of forming het 
erodimers with other helix-loop-helix proteins, such as, for 
example, SCL. The ID protein is another helix-loop-helix 
protein, which has been shown to bind E47 and inhibit the 
ability of E47 to bind DNA. 
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0433 Of the 26 colonies tested, the interaction between 
SCL and E47 was specifically blocked in 6 colonies (Table 3). -continued 

7 Chlamydia trachomatis 
TABLE 3 8 Escherichia coli K12 

M 9 Haemophilus influenzae (rd) 
Specificity of antagonism of the SCLE47 interaction 10 Helicobacter pylori 

: --(1 11 Methanobacterium thermoautotrophicum 
Predicted fusion - Target interaction' 12 Methanococcus jannaschii 

13 Mycoplasma pneumoniae 
Clone Number peptide size SCLEA-7 SCLE2.22F Id1 E47 14 Neisseria meningitidis 

15 Pseudomonas aeruginosa 
E. S. t t 16 Pyrococcus horikoshi 
BGF 13 10 -- 17 Snechosisiis PCC 6803 
BGF 30 -- 18 Thermoplasma volcanium 
BGF 24 26 -- 19 Thermotoga maritima 

BGF 35 63 -- 

BGF S1 -- 0437. Nucleic acid fragments were generated from each of 
these genomes using multiple consecutive rounds of PCR 
using tagged random oligonucleotides. 
0438. In the final round of PCR, the sequence of the oli 

(I), the interaction was blocked; -, the interaction was not blocked, 

0434. The plasmids were isolated from these clones and 
either the nucleic acid sequence or the predicted peptide 
sequence of 4 of these clones was analyzed using the BLAST 
program available from NCBI. 
0435 The results of this analysis are represented in Table 
4. Data indicate that we have isolated 6 specific peptide block 
ers of the interaction of SCL and E47 from a sample screen of 

gonucleotide primer comprised the sequence: 

(SEO ID NO : 37) 
5 - AGAGGAATTCAGGTCAGACTACAAGGACGACGACGACAAG-3 '' . 

0439. The PCR products generated were then used as a 
template for PCR reactions using the following oligonucle 
otides: a library containing 1x10" independent clones, there being 

considerable sequence divergence observed between those 
peptides blockers. None of the peptide blockers identified 
was merely performing its native function. Based upon the 
frequency of peptide blockers identified per library clone, it is 
estimated that the method described herein is about 100-fold 
more efficient than a screen of a peptide aptamer library. 

(SEQ ID NO: 38) 
5' - CAGAAGCTTAAGGACGACGACGACAAG-3"; 

(SEO ID NO. 39) 
5' - CAGGAATTCAAGGACGACGACGACAAG-3"; 

TABLE 4 

Characterization of the antagonists of the SCLE47 interaction 

Amino acid 
Nucleotide sequence of fusion Nucleotide sequence 
sequence of first peptide encoded by of inserted nucleic Amino acid Genome from 
forward ORF in first forward ORF acid fragment in sequence encoded which fragment Protein deduced to be encoded 

Clone clone in clone clone by fragment was isolated by fragment in native context (1) 

BGF OS SEQID NO: 62 SEQ ID NO:63 SEQ ID NO: 64 SEQ ID NO: 65 H. influenzae B-ketoacyl-ACP synthase III 
BGF O6 SEQID NO: 66 SEQ ID NO: 67 SEQ ID NO: 68 SEQ ID NO: 69 A. aeolicits glutamyl-tRNA synthetase 
BGF 13 SEQID NO: 70 SEQ ID NO: 71 SEQ ID NO: 72 SEQ ID NO: 73 H. influenzae DNA repair protein (radA) 
BGF 24 SEQID NO: 74 SEQ ID NO: 75 SEQ ID NO: 76 SEQ ID NO: 77 T. maritina response regulatorTMO143 
BGF 35 SEQID NO: 78 SEQ ID NO: 79 SEQ ID NO: 80 SEQ ID NO: 81 H. influenzae beta-ketoacyl-ACP synthase 

III (fabH) 

(1) Native function was obtained by BLAST analysis of the nucleotide sequence of the nucleic acid fragment in each clone. 

Example 4 
- Continued 

The Construction of a Biodiverse Nucleic Acid Frag 
(SEQ ID NO: 40) ment Expression Library in the Vector 

T7 Select415-1 

0436. Nucleic acid was isolated from the following bacte 
rial species: 

Archaeoglobits fitigidis 
Aquifex aeiiticits 
Aeropyrim pernix 
Bacilius subtiis 
Bordeteila pertussis TOX6 
Borrelia burgdorferi 

5' - CAGGAATTCCAAGGACGACGACGACAAG-3"; 
and 

(SEQ ID NO: 41) 
5' - CAGGAATTCACAAGGACGACGACGACAAG-3' 

wherein the underlined sequence in SEQID Nos: 37-41 per 
mits amplification of the PCR products. Furthermore, the 
sequence shown in bold highlights a HindIII restriction endo 
nuclease recognition site or EcoRI recognition site. Further 
more, note the addition of one or two nucleotides after the 
EcoRI restriction site in SEQID Nos: 40 and 41, respectively 
(shown in italics). These nucleotides allow expression of 
amplified nucleic acid in multiple forward reading frames. 
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0440 Each DNA template was amplified by “one armed 
(ie. using only 1 oligonucleotide primer) PCR, with each of 
the oligonucleotides (ie., SEQ ID Nos: 38-41) in separate 
reactions (ie. 76 reactions). 
0441. Each PCR reaction contained: 

Template DNA 1 Jul 
Taq buffer (10x) (Promega) 5 ul 
MgCl2 (25 mM) 4 Il 
dNTP (2 mM) 5 ul 
a primer selected from the group consisting of 10 ul 
SEQID Nos: 38-41 (10 pmol/l) 
Taq DNA polymerase (Promega 5 U?ul) 0.4 Il 
HO to 50 ul 

0442 Reactions were then cycled in a Perkin Elmer ther 
mocycler PE 9700 or PE 2400 using the following program: 

0443) 5 min at 94° C., followed by 30 cycles wherein 
each cycle consists of 30 sec at 

0444 94°C., followed by 30 sec at 55° C., and followed 
by 1 min at 72°C., followed by 

0445 min at 72°C. 
0446. A sample of the resulting PCR products was ana 
lyzed by electrophoresis using a 2% agarose/TAE gel. The 
amount of nucleic acid in each of the PCR products was also 
determined using the picogreen method following instruc 
tions provided by the manufacturer. 
0447 PCR products generated with each of the oligo 
nucleotides SEQID Nos: 38-41 were pooled. DNA from each 
organism was added in an equimolar amount when compared 
to the amount of nucleic acid added to the pool from the 
organism with the Smallest genome. 
0448 Subsequently, the pools generated from PCR prod 
ucts amplified using the oligonucleotides SEQ ID NO: 39, 
SEQ ID NO: 40 or SEQID NO: 41 were combined in equal 
ratios (ie. equal amounts of nucleic acid) to form one pool. 
0449 The pooled PCR products were then purified using 
QIAquick PCR purification columns (QIAGEN) as per 
manufacturer's instructions. This step removes any unincor 
porated oligonucleotides, dNTPs and contaminating pro 
teins. 
0450 Each of the pools of PCR products (6 ug) was then 
divided into 3 equal parts and digested with one of the restric 
tion enzymes AluI, Hael I or Rsal (NEB) in the following 
reaction: 

PCR product (2 g) 
Restriction endonuclease buffer (10X) (NEB) 4 Il 
Restriction endonuclease 1 Jul 
HO to 40 ul 

0451 Reactions were allowed to proceed for 2 hours at 37° 
C., before being heat inactivated by incubating at 65° C. for 
20 minutes. Restriction digests were then re-pooled and puri 
fied using QIAquick PCR purification columns (QIAGEN) as 
per manufacturer's instructions. 
0452 Each of the enzymes AluI, Hael I and Rsal produce 
blunt ends. Accordingly, it is possible to ligate blunt end 
adaptors to the restriction digested PCR products to allow 
directional cloning into the T7Select415-1 vector. Oligo 
nucleotides encoding the blunt-end adaptors were generated 
comprising the following sequences: 
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(SEQ ID NO: 42) 
s' - AATTCGAACCCCTTCG-3' 

(SEQ ID NO : 43) 
5 - CGAAGGGGTTCG-3 

(SEQ ID NO: 44) 
s' - AATTCGAACCCCTTCGC-3' 

(SEQ ID NO: 45) 
5 - GCGAAGGGGTTCG-3 

(SEQ ID NO: 46) 
s' - AATTCGAACCCCTTCGCG-3' 

(SEO ID NO: 47) 
5 - CGCGAAGGGGTTCG-3 

(SEQ ID NO: 48) 
5'-AGCTCGAAGGGGTTCG-3 

(SEQ ID NO: 49) 
s' - CGAACCCCTTCG-3 '' . 

0453 The adaptor pairs SEQID Nos: 42 and 43: SEQID 
Nos:44 and 45: SEQID NOs: 46 and 47: SEQIDNOs:48 and 
49 were then annealed to one another. This process was com 
pleted in HO with each of the oligonucleotides at a concen 
tration of 50 uM. Pairs of adaptors were incubated at 94° C. 
for 10 minutes and then allowed to cool to room temperature 
slowly. 
0454. The annealed adaptors were then ligated to the pool 
of amplified PCR products in separate ligation reactions. The 
adaptor formed through annealing of SEQID NOs: 48 and 49 
was ligated to the pool of PCR products amplified using the 
oligonucleotides set forth in SEQID NO:39, SEQID NO: 40 
and SEQID NO: 41. 
0455 Ligations were carried out in the following reac 
tions: 

Pooled PCR product (average length of 200 bp) 2 pmol 
Annealed adaptor 150 pmol 
Ligation buffer (10X) (Promega) 1 Jul 
T4 DNA ligase (3 U/ul) (Promega) 1 Jul 
HO to 10 ul 

0456 Samples were then incubated at 4° C. overnight 
before being heat inactivated through incubation at 65° C. for 
20 minutes. 
0457 Samples were then phosphorylated using T4 poly 
nucleotide kinase (Promega) in the following reaction: 

Ligation buffer (10X) (Promega) 1 Ll 
rATP (10 mM) 2 Jul 
T4 polynucleotide kinase (5 U?ul) 1 Ll 
HO 20 ul 

0458 Samples were incubated at 37° C. for 30 minutes 
followed by incubation at 65° C. for 20 minutes to heat 
inactivate the T4 polynucleotide kinase. 
0459 Following ligation and phosphorylation each of the 
three reactions comprising nucleic acid amplified using the 
oligonucleotide SEQ ID NO: 38 were combined in equal 
ratios, ie. equal amounts of nucleic acid to form one pool. 
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0460. The nucleic acids originally amplified with SEQID 
NO:38 were then digested with the restriction endonuclease 
HindIII in the following reaction: 

PCR product (2 g) 
HindIII buffer (10x) (Promega) 8 Jul 
HindIII (10 U?ul) (Promega) 1 Jul 
HO to 80 ul 

0461 The nucleic acids in the pool originally amplified by 
one of SEQID Nos: 39-41 were digested with the restriction 
endonuclease EcoRI in the following reaction: 

PCR product (2 g) 
EcoRI buffer (10X) (Promega) 8 Jul 
EcoRI (10 U?ul) (Promega) 1 Jul 
HO to 80 ul 

0462 Samples were then purified using a QIAquick PCR 
purification column (QIAGEN) as per manufacturer's 
instructions. Nucleic acid concentration was then determined 
by spectrophotometry measuring UV absorption at 260 nm. 
0463 Both pools of nucleic acid fragments (ie. those 
digested with EcoRI and those digested with HindIII) were 
then combined in equal ratios, ie. equal amounts of nucleic 
acid, to form one pool. This pool of nucleic acid fragments 
was then suitable for cloning into the peptide display vector 
T7Select415-1 (Novagen). The T7415-1 vector is provided in 
a form for nucleic acids to be ligated into EcoRI and HindIII 
restriction endonuclease sites. 
0464. The nucleic acid fragments were then ligated into 
the T7Select415-1 vector using the following reaction: 

Ligation buffer (10X) (Novagen) O.S 
rATP (10 mM) O.S 
DTT (10 mM) O.S 
T7Select415-1 EcoRI./HindIII vector arms (0.02 pmol) 1 
Nucleic acid fragments 
(0; 0.02; and 0.06 pmol in independent reactions) 
HO to 5 ul 

0465 Reactions were incubated at 16°C. overnight. 

Example 5 
Packaging and Amplification of a Biodiverse Nucleic 

Acid Fragment Expression Library 
0466. The ligation reactions of Example 3 were packaged 
using commercial packaging extract available from Novagen. 
These reactions were thentitered according to manufacturer's 
instructions by infection of E. coli BL21 cells. By using 1 ul 
from each of three independent ligations, titers between 1.3.x 
107 and 7x10' plaque forming units (pfu)/ml were obtained. 
0467 Pooling of three ligation reactions containing a total 
of 1 Jug of T7Select415-1 vector, and packaging, resulted in a 
library with 2.75x107 pfu, ie 2.75x107 initial recombination 
events. The library was immediately amplified by "plate 
lysate amplification' (as per manufacturer's instructions) on 
180 LBPetridishes (14 cm diameter). Titers of the amplified 
lysates varied between 1 and 5x10" pfu/ml. Two liters of 
lysate were harvested, pooled and the titer determined at 
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1.5x10'pfu/ml, ie 3x10" pfu in total. The lysate was stored 
at 4°C. over CHCl (as per manufacturer's instructions) and 
glycerol stocks containing 10% glycerol were stored at -80° 
C. 

Example 6 
Characterization of a T7-Displayed Biodiverse 

Nucleic Acid Fragment Library 
0468. During the amplification of the library described in 
Example 4, individual plaques from low-density plates were 
collected and analyzed by PCR with primers specific to 
T7Select415-1 of the nucleotide sequence. 
0469. Thirty nine plaques with insert sizes larger than 70 
bp were analyzed by DNA sequence analysis. The resulting 
sequences are summarised in the Table 5 
0470 DNA from 13 of the 19 bacterial genomes could be 
identified in the recombinant phage analyzed. In most cases, 
the homology was between 96 and 100% in the regions that 
were derived from the genomic starting material. In addition, 
primers and adapters were identified, however, there were 
also many cases of strings of adapters and multiple PCR 
primers in the insert regions. The inserted DNA of the ana 
lyzed phage clones was up to 250 bp long. 

TABLE 5 

Characterization of nucleic acid fragments in T7Select-415-1 

Extra 
Size of amino 

T7 for Insert homol- Acids 
rev PCR homology to organism Ogous after Natural 

BGF fragment (% homology in the region ASn reading 
clone (bp) matching region) (bp) (T7) frame 

8 255 B. pertussis (98%) 12 16 
14 212 M. thermoautotrophicum 73 12 

(98%) 
15 350 B. pertussis (98%) 71 O 
16 263 A. fulgidus (100%) 25 2O 
18 260 A. fulgidus (100%) 12 O 
31 260 A. fulgidus (96%) 18 65 yes 
52 240 T. volcanicum (100%) 39 O 
61 272 M. jannashii (100%) 90 12 
65 230 N. meningiditis (100%) O7 O 
73 230 C. trachomatis (98%) 62 10 
83 200 B. burgdorferi (100%) 46 8 
89 411 B. subtilis (98%) 70 15 
1OO 268 Paeruginosa 59 11 
104 174 no match 12 
125 250 E. coli K12 (98%) 09 4 
126 220 E. Coi K12 91 6 
139 240 Synechocystis PCC 6803 09 26 yes 

(100%) 
141 250 E. Coi K12 26 6 
144 170 no match 15 
152 160 E. coli K12 (100%) 39 13 
153 290 C. trachomatis (100%) 31 7 
163 260 C. trachomatis (100%) 90 5 
166 270 E. coli K12 (100%) 12 2O 
169 240 M. thermoautotrophicum 12 6 

(100%) 
10 18O no match 7 
17 190 M. jannashii 68 13 
2O 190 E. coli K12 58 22 
25 170 Phorikoshi 40 10 
30 200 Paeruginosa S4 13 
40 190 no match 24 
42 190 B. Subiis 44 O 
44 250 B. burgdorferi 130 6 
47 210 C. trachomatis 95 13 
48 200 Synechocystis PCC 6803 82 2O 
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TABLE 5-continued 

Characterization of nucleic acid fragments in T7Select-415-1 

Extra 
Size of amino 

T7 forf Insert homol- Acids 
rev PCR homology to organism Ogous after Natural 

BGF fragment (% homology in the region ASn reading 
clone (bp) matching region) (bp) (T7) frame 

55 18O no match 11 
64 190 Synechocystis PCC 6803 46 16 
82 180 M. thermoautotrophicum 39 8 
87 250 No match 51 
134 280 M. thermoautotrophicum 

Example 7 
Screening a T7 Phage Displayed Biodiverse Nucleic 
Acid Fragment Library for a Mimotope of FLAG 

0471. The library of Example 4 was screened to isolate 
phage displaying peptides that bound to monoclonal antibod 
ies in a similar way as natural peptides would. The mono 
clonal antibody was adsorbed to a Petridish and a lysate of the 
amplified phage library was allowed to bind to the antibody 
immobilised on the Petri dish. After rigorous washing to 
remove non-specifically bound phage, the remaining phage 
was eluted and amplified for additional rounds of selection. 
0472. Each Petridish (Nunc, 3.5 cm diameter) was rinsed 
twice with distilled water. The target antibody in this case was 
amouse monoclonal antibody to the FLAG epitope (C-FLAG 
M2, Sigma Aldrich). The antibody was diluted in TBS buffer 
to 20 ug/ml and 500 ul was added per dish. The antibody was 
allowed to adsorb for 3 to 4 hours at room temperature or at 4 
C. overnight. The dish was rinsed three times with TBS buffer 
and filled with 5% skim milk in distilled water. For blocking 
the skim milk solution was allowed to bind with gentle rock 
ing for 1 hour at room temperature or at 4°C. overnight. The 
dish was rinsed five times with double distilled water (ddH.0) 
and filled with ddH0 until use. 
0473. About 3x10'pfu to about 4x10'pfu of amplified 
T7 phage library (as described in Example 4) was added to the 
precoated and blocked Petri dish. The volume was increased 
to 0.5 ml withdd H0 and 10xTBS buffer to obtain 1XTBS as 
final concentration. For dilute phage Suspensions the total 
volume can be raised to 1.5 ml without loss of binding, 
however the volume should be kept as small as possible to 
avoid spillage of phage. The phage Suspension was allowed to 
bind with gentle rocking for 5 hours at room temperature or at 
4°C. overnight. The phage Suspension was discarded and the 
dish was washed twice with TBS buffer containing Tween-20. 
TBS-Tween (1 ml) was added to the dish, and the dish incu 
bated for 10 minutes with gentle shaking. This wash step was 
repeated twice more, without shaking. Bound phage were 
eluted with 0.5 ml of 1% SDS. The 1% SDS was added to the 
plates and the plates incubated for 30 minutes with gentle 
shaking. The eluate was transferred into a reaction tube and 
the phage titer determined. 
0474 For further rounds of biopanning the eluate was 
amplified in a 10-40 ml culture. A fresh culture of E. coli 
BL21 in LB medium was grown at 37°C. to an optical density 
of 0.5 and infected 1:200 with eluate. The culture was shaken 
at 37°C. for 1 to 2 hours until lysis was observed. The culture 
was centrifuged at 8000 g for 10 minutes at 4°C. to pellet 
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remaining E. coli cells and cell debris. The Supernatant was 
transferred into a fresh tube, titered and stored over CHC1 at 
4°C. until use. 
0475. Three consecutive rounds of biopanning were com 
pleted and a binding rate for each round was determined. 
These binding rates are described in Table 6 below: 

TABLE 6 

Panning antibody Round Input (pfu) Output (pfu Binding rate 

CFLAG ab 1 4 x 10 5.5 x 10 O.O14 
CFLAG ab 2 4 x 109 2.3 x 108 5.7 
CFLAG ab 3 4 x 109 1.6 x 10° 40 

0476. The binding rate increased from 0.014% in the first 
round of biopanning to 40% in the third round indicating 
enrichment of T7 phage clones with a specificity for the 
panning antibody. Ten individual plaques from each round of 
biopanning were grown up and analyzed by TRF ELISA with 
a FLAG antibody coated wells (100 ng/well). Sixty percent of 
the clones from the first two rounds and 90% of the clones 
from the third round of biopanning showed a strong positive 
signal (FIG. 11). The same clones were tested in an ELISA 
coated with a monoclonal antibody to papain (3D5) and 
showed no significant signal. This indicates that the isolated 
phage clones were specific to the C-FLAG antibody. 
0477 As a positive control, oligonucleotides were 
designed to generate a DNA fragment with EcoRI and Hin 
dIII overhangs for cloning into T7Select415-1 EcoRI./HindIII 
vector arms, in addition to encoding the FLAG epitope (Asp 
TyrLys Asp-Asp-Asp-AspIys; SEQ ID NO: 50). These oligo 
nucleotides comprised the sequences: 

(SEQ ID NO: 51) 
5'-AATTCCGACTACAAGGACGACGATGACAAGA-3' 

(SEQ ID NO: 52) 
s" -AGCTTCTTGTCATCGTCGTCCTTGTAGTCGG-3' 

0478. The oligonucleotides comprising SEQ ID NO: 51 
and SEQ ID NO: 52 were allowed to anneal as previously 
described before being ligated into the T7Select415-1 EcoRI/ 
HindIII vector arms as described in Example 3. 
0479 FIG. 11 shows the binding of phage-displayed pep 
tides to the O.-FLAG antibody using time resolved fluores 
cence analysis using a europium detection system. 

Example 8 

Screening a T7 Phage Displayed Biodiverse Nucleic 
Acid Fragment Library for a Mimotope of the Pollen 

Antigen DerpI 

0480. The library of Example 4 is screened to isolate 
phage-displaying peptides, which bind to a monoclonal anti 
body to the major dustmite allergen Derp, in a similar way as 
the natural peptide would. The monoclonal antibody is 
adsorbed to a Petri dish and a lysate of the amplified phage 
library allowed to bind to the antibody immobilised on the 
Petri dish. After rigorous washing to remove non-specifically 
bound phage, the remaining phage is eluted and amplified for 
additional rounds of selection. 

0481. Each Petri dish (Nunc, 3.5 cm diameter) is rinsed 
twice with distilled water. The target antibody in this case is a 
mouse monoclonal antibody that binds to the dust mite aller 
gen Der PI (Chapman et al., Journal of Immunology, 133(5), 
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2488-2495, 1984). The antibody is diluted in TBS buffer and 
allowed to adsorb for 3 to 4 hours at room temperature. The 
dish is then rinsed three times with TBS buffer. Dishes are 
blocked overnight at 4°C. with 5% skim milk in distilled 
water, before being rinsed five times with double distilled 
water (ddH,0) and filled with ddH0 until use. 
0482. About 3x10'pfu to about 4x10'pfu of amplified 
T7 phage library (as described in Example 4) is added pre 
prepared Petri dish and the volume increased to 0.5 ml with 
TBS to obtain 1xTBS as final concentration. The phage sus 
pension is allowed to bind with gentle rocking at 4°C. over 
night. The dish is washed twice with TBS buffer containing 
0.1% Tween-20. 1 ml of TBS-Tween is added to the dish, and 
the dish incubated for 10 minutes with gentle shaking. This is 
repeated twice more. 1% SDS is added to elute any bound 
phage. 
0483 For further rounds of biopanning the eluate is ampli 
fied in a 10-40 ml culture. A fresh culture of E. coli BL21 in 
LB medium is grown at 37°C. to an optical density of 0.5 at 
and infected 1:200 with eluate. The culture is shaken at 37°C. 
for 1 to 2 hours until lysis was observed. The culture is then 
centrifuged at 8000 g for 10 minutes at 4°C. to pellet remain 
ing E. coli cells and cell debris. The supernatant is then 
transferred into a fresh tube, titered and stored over CHCl at 
4°C. until use. 

Example 9 

Development and Screening of a Biodiverse Nucleic 
Acid Fragment Library for Anti-Parasitic Peptides in 

Drug Resistant C. elegans 

0484 The modified biodiverse nucleic acid fragment 
library developed in Example 4 is digested with the restriction 
enzymes EcoRI and HindIII in the following reaction: 

Biodiverse nucleic acid fragment library (3 g) 
EcoRI buffer (10X) (Promega) 8 Jul 
BSA (10x) 8 Jul 
EcoRI (20 U?ul) (Promega) 3 ul 
HindIII (10 U?ul) (Promega) 3 ul 
HO to 80 ul 

0485 Reactions proceed at 37° C. for 2 hours, before 
enzymes are heat inactivated by incubating the reactions at 
65° C. for 20 minutes. Reactions are then electrophoresed in 
a 2%. TAE/agarose gel and the bands relating to the nucleic 
acid fragments isolated using a QIAquick gel extraction kit 
(QIAGEN). 
0486. At the same time the pGEMEX-1 bacterial expres 
sion vector (Promega) is also digested with EcoRI and Hin 
dIII in the following reaction: 

pGEMEX-1 (2 g) 
EcoRI buffer (10X) (Promega) 3 ul 
BSA (10x) 3 ul 
EcoRI (20 U?ul) (Promega) 1 Jul 
HindIII (10 U?ul) (Promega) 1 Jul 
HO to 30 ul 

0487. Reactions are allowed to proceed at 37° C. for 2 
hours, before enzymes are heat inactivated by incubating the 
reactions at 65° C. for 20 minutes. Reactions are then elec 
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trophoresed in a 2%. TAE/agarose geland the bands relating to 
the nucleic acid fragments isolated using a QIAquick gel 
extraction kit (QIAGEN). 
0488 Nucleic acid concentration is then determined by 
spectrophotometry measuring UV absorption at 260 nm. 
0489. The biodiverse nucleic acid fragments are then 
ligated into the pGEMEX-1 vector in the following reaction: 

pGEMEX-1 (1 lug) 
BGF-PCR Fragments (1 lug) 
Ligation Buffer (10x) (NEB) 20 ul 
T4 polynucleotide kinase (5 U?ul) 10 IL 
H2O to 200 ul 

0490 Ligation reactions are allowed to proceed overnight 
at 16°C. The ligase is then heat inactivated by incubating the 
samples at 65° C. for 30 minutes. Following completion of the 
ligation reaction sample volumes are increased to 500 ul with 
TE buffer and added to an Amicon spin column. These col 
umns are then centrifuged for 15 minutes at 3,800 rpm in a 
microcentrifuge. Columns are inverted and 30 ul of TE buffer 
is added before the columns are centrifuged for 2 minutes at 
3,800 rpm, with this fraction collected for later use. 
0491. The pGEMEX-1 vector containing the biodiverse 
nucleic acid fragment is then transformed into E. coli TOP10 
cells. 
0492 Individual colonies of bacteria are then individually 
picked and plated onto a master plate of LB-agar-amplicillin 
(50 ug/ml). 100 colonies from each plate are grown in a flask 
containing 10 ml LB broth until confluent. Approximately 5 
drops of the broth is then added to a 9 cm plate containing NG 
agar (as described in Sulston and Hodgkin (In: The Nematode 
Caenorhibaitis elegans, Cold Spring Harbour Laboratories, 
New York, 1988)), and gently spread to cover approximately 
two thirds of the surface area of the agar. These plates are then 
incubated at 37° C. overnight or until a bacterial lawn is 
observed. These plates are then useful for the growth of C. 
elegans, which feed on the bacterial cells and take up any 
expressed peptides into their cells. C. elegans provides a 
model system for testing an effect of a peptide expressed by 
an isolated clone of the expression library in vivo, eg., in 
target validation. 
0493. The model system described in Dent et al. Proc. 
Natl. Acad. Sci. USA 97, 2674-267, 1999, showed that C. 
elegans is able to develop resistance to the anti-parasitic 
antibiotic ivomectin, through mutation of the genes aVr-14, 
avr-15 and gle-1. Such a peptide proves invaluable for the 
screening of anti-parasitic peptides that act through a path 
way that is not affected by these genes. 
0494. Approximately 400-500 L4 stage or adult stage C. 
elegans worms that are resistant to ivomectin are seeded onto 
the plates containing 2 ug/ml Ivomectin (which is not toxic to 
the mutant strain) and the bacteria expressing an expression 
library of the present invention. Plates are incubated at 25°C. 
and scored for live worms every 4-6 hours. A worm is con 
sidered dead when it no longer responds to touch. 
0495 Plates are scored to determine those that contain a 
significant portion of dead C. elegans, excluding those that 
have stuck to the side wall. Those plates that have the majority 
of worms dead are further analyzed. 
0496. In further analyzing the peptides that kill the ivo 
mectin resistant worms, single bacterial colonies are used to 
generate the feederlayer for the worms. An individual colony 
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is picked and grown in a flask containing 10 ml LB broth at 
37°C. shaking at 225 rpm, until confluent. Approximately 5 
drops of the broth is then added to a 9 cm plate containing NG 
agar (with 2 Lig/ml ivomectin) and gently spread to cover 
approximately two thirds of the surface area of the agar. Plates 
are again incubated at 37° C. overnight or until a bacterial 
lawn is observed. 

0497 Again resistant C. elegans are seeded onto the plates 
which are incubated at 25°C. and scored for live worms every 
4-6 hours. Bacteria are isolated from those plates containing 
a significant proportion of dead worms, and cultured for 16 
hours in 10 ml LB broth (+50 ug/ml ampicillin). The expres 
sion plasmids are then isolated using a QIAprep spin mini 
prep kit (QIAGEN) using the method described by the manu 
facturer. 

0498 Isolated plasmids are then further analyzed to deter 
mine the nucleotide sequence that encodes the peptide that is 
toxic to ivomectin resistant C. elegans. 

Example 10 

Development and Screening of a Biodiverse Nucleic 
Acid Fragment Library from Takifigu rubripes 

0499 Nucleic acid fragments are generated from genomic 
DNA from the Japanese puffer fish T. rubripes using a restric 
tion enzyme digestion with the enzymes Alu and Hae|II, in 
the following reaction: 

Genomic DNA (20g) 
Restriction enzyme buffer (10x) 5 ul 
AluI(XXULg) 4 Il 
HaeIII(XXU/ug) 4 Il 
HO to 50 ul 

0500. The DNA fragments are then separated by electro 
phoresis using a 2% agarose/TAE gel. Fragments in the 
90-120 bp range are isolated using the QIAquick Gel Extrac 
tion Kit (QIAGEN) following manufacturer's instructions. 
0501. The concentration of DNA is determined using 
spectrophotometry at 260 nm. 
0502. The adaptor pairs SEQID Nos: 42 and 43: SEQID 
Nos:44 and 45: SEQID NOs: 46 and 47: SEQID NOs:48 and 
49 are thenannealed to one another. This process is completed 
in HO with each of the oligonucleotides at a concentration of 
50 uM. Pairs of adaptors are incubated at 94° C. for 10 
minutes and then allowed to cool to room temperature slowly. 
0503. The annealed adaptors are then ligated to the iso 
lated nucleic acid fragments in separate ligation reactions. 
0504 Ligations are carried out in the following reactions: 

Pooled PCR product (average fragment length of 100 bp) 2 pmol 
Annealed adaptor 150 pmol 
Ligation buffer (10x) (Promega) 1 Jul 
T4 DNA ligase (3 U/ul) (Promega) 1 Jul 
HO to 10 ul 

0505 Samples are then incubated at 4°C. overnight before 
being heat-inactivated through incubation at 65° C. for 20 
minutes. 
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0506 Samples are phosphorylated using T4 polynucle 
otide kinase (Promega) in the following reaction: 

Ligation buffer (10x) (Promega) 1 Ll 
rATP (10 mM) 2 Jul 
T4 polynucleotide kinase (5 U?ul) 1 Ll 
HO 20 ul 

(0507 Samples are incubated at 37° C. for 30 minutes 
followed by incubation at 65° C. for 20 minutes to heat 
inactivate the enzyme. 
0508 Nucleic acid fragments from each of the ligation 
reactions are then combined in equal ratios, ie. equal amounts 
of nucleic acid, to form one pool. This pool of nucleic acid 
fragments is then Suitable for cloning into the peptide display 
vector T7Select415-1 (Novagen). However, it is first neces 
sary to digest the T7Select415-1 vector with EcoRI in the 
following reaction: 

T7Select415-1 vector (1 lug) 
EcoRI buffer (10x) (Promega) 3 ul 
BSA (10x) 3 ul 
EcoRI (20 U?ul) (Promega) 2 Il 
HO to 30 ul 

(0509 Reactions proceed at 37° C. for 2 hours, before 
enzymes are heat inactivated by incubating the reactions at 
65° C. for 20 minutes. Samples are then purified using a 
QIAquick PCR purification column using manufacturer's 
instructions. Nucleic acid concentration are then determined 
by spectrophotometry measuring UV absorption at 260 nm, 
before diluting the DNA to a final concentration of 0.02 uM. 
0510. The nucleic acid fragments are then ligated into the 
T7Select415-1 vector using the following reaction: 

Ligation buffer (10x) (Novagen) 0.5 ul 
rATP (10 mM) 0.5 ul 
DTT (10 mM) 0.5 ul 
T7Select415-1 (0.02 pmol) 1 Jul 
Nucleic acid fragments 
(0; 0.02; and 0.06 pmol in independent reactions) 
HO to 5 ul 

0511 Reactions are incubated at 16° C. overnight. 
Samples are then purified using a QIAquick PCR purification 
column (QIAGEN), before being diluted in 1 ml of phosphate 
buffered saline. 
0512. The library generated from T. rubripes is then 
screened for mimotopes of epitopes of the D15 protein. The 
D15 protein is a 80 kDa outer membrane protein of Haemo 
philus influenzae, which are shown to elicit an immune 
response in rabbits. The antibodies isolated from these rab 
bits, in turn, are shown to confer resistance to H. influenzae to 
infant rats. Affinity-purified antibodies isolated from rabbits 
have also been shown to be protective in Screens using infant 
rats (Thomas etal, Infect Immunol, 58(6), 1909-1915, 1990). 
0513. In an attempt to identify mimotopes of epitopes of 
the D15 protein, the phage displayed library generated from 
T. rubripes, is screened for those peptides that have a confor 
mation sufficient for binding the affinity purified antibody 
described in Thomas et al (1990). 
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0514. The phage display library is added to the affinity 
purified antibody, which is linked to an antibody coated goat 
anti-rabbit coupled magnetic beads. These beads are gener 
ated by incubating 10 ug of the antibody with 5 mg Dynal 
beads and incubating at 25° C. for 1 hour, followed by 6 
washes with HEG buffer (35 mM HEPES-KOH, pH 7.5/0.1 
mM EDTA/100 mM sodium glutamate). 
0515 Phage are incubated with these beads at 0°C. for 1 
hour, before being washing three times with 5 ml cold HEG 
buffer? 0.1% BSA. Beads are then washed a further three 
times with HEG buffer using a magnet, such as a tesla magnet 
(Miltenyi Biotec, Bergish Gladbach, Germany) to immobil 
ise the beads. Bound phage are then eluted with 0.5 ml of 1% 
SDS. Phage isolated by this method are re-screened, or, alter 
natively, the nucleic acid fragments encoding the binding 
peptide are isolated from the phage and analyzed. For 
example, the amino acid sequences of the peptides are deter 
mined. 

Example 11 

Construction of a Biodiverse Nucleic Acid Fragment 
for Ribosome Display 

0516 Nucleic acid is isolated from the following bacterial 
species: 

1 Archaeoglobits fitigidis 
2 Aquifex aeliticus 
3 Aeropyrim pernix 
4 Bacilius subtiis 
5 Bordeteila pertussis TOX6 
6 Borrelia burgdorferi 
7 Chlamydia trachomatis 
8 Escherichia coli K12 
9 Haemophilus influenzae (rd) 
10 Helicobacter pylori 
11 Methanobacterium thermoautotrophicum 
12 Methanococcus jannaschii 
13 Mycoplasma pneumoniae 
14 Neisseria meningitidis 
15 Pseudomonas aeruginosa 
16 Pyrococcus horikoshi 
17 Snechosisiis PCC 6803 
18 Thermoplasma volcanium 
19 Thermotoga maritima 

0517 Nucleic acid fragments are generated from each of 
these genomes using 4 consecutive rounds of PCR using 
tagged random oligonucleotides with the sequence: 

(SEO ID NO : 53) 
5 TTTCCCGAATTGTGAGCGGATAACAATAGAAATAATTTTGTTTAA 

CTTTAAGAAGGAGATATATCCATGGACTACAAAGAN-3'. 

0518. This oligonucleotide introduces a ribosome binding 
site. 
0519 In order to complete this the following reagents are 
added to the samples: 

Genomic DNA (100-200 ng) 
Oligonucleotide comprising SEQID NO:53 4 Il 
(25 M) 
Klenow Buffer 1 Jul 
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dNTP (2 mM) 3 ul 
Klenow 0.5 ul 
HO to 40 ul 

0520 Samples are incubated at 15° C. for 30 minutes, then 
at room temperature for 2 hours, before being heated to 37°C. 
for 15 minutes. 
0521 Samples are boiled for 5 minutes to again denature 
the nucleic acid in said sample, before being Snap cooled to 
allow renaturation of said nucleic acid. Another 0.5ul of the 
Klenow fragment of E. coli DNA polymerase I is added to 
each reaction, and the samples incubated at 15° C. for 30 
minutes, then at room temperature for 2 hours, before being 
heated to 37° C. for 15 minutes. 
0522 The PCR products generated are then used as a 
template for PCR reactions using the following oligonucle 
otide: 

(SEQ ID NO: 54) 
5. "GGGGCCAAGCAGTAATAATACGAGTCACTATAGGGAGACCACAAC 

GGTTTCCCGAATTGTG-3 '' . 

0523 This oligonucleotide comprises a T7 promoter and a 
region that is homologous a region of to SEQID NO: 53). 
0524. Each DNA template is amplified by “one armed 
PCR, with the oligonucleotide SEQ ID NO. 54 in separate 
reactions (ie. 19 reactions). Each PCR reaction contains the 
following: 

Template DNA 1 Jul 
Taq buffer (10x) (Promega) 5 ul 
MgCl2 (25 mM) 4 Il 
dNTP (2 mM) 5 ul 
Oligonucleotide comprising SEQID NO: 54 (10 pmol/l) 10 ul 
Taq DNA polymerase (Promega 5 U?ul) 0.4 Il 
HO to 50 ul 

0525 Reactions are then cycled in a Perkin Elmer ther 
mocycler PE 9700 or PE 2400 using the following program: 

0526 5 min 94° C.+30x30 sec 94° C., 30 sec. 55° C., 1 
min 72°C.--5 min 72° C. 

0527 The resulting PCR products are electrophoresed 
using a 2% agarose/TAE gel, and the nucleic acid fragments 
between 50 bp to 250 bp extracted using a QIAquick gel 
extraction kit (QIAGEN) using manufacturer's instructions. 
Nucleic acid concentration is determined by spectrophotom 
etry measuring UV absorption at 260 nm. 
0528 Pools of PCR products derived from each of the 19 
bacterial species are produced. To do so, DNA from each 
organism is added in an equimolar amount when compared to 
the amount of nucleic acid added to the pool from the organ 
ism with the Smallest genome. 
0529 Nucleic acid fragments are then blunt ended using 
Munga Bean Nuclease (NEB) in the following reaction: 

Nucleic acid fragments (2 g) 
Mung bean nuclease buffer (10x) 3 ul 
Mung bean nuclease (10 U/l)(NEB) 2 Il 
HO to 30 ul 
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0530. The reaction proceeds at 30° C. for 1 hour. The 
sample is then purified using a QIAquick PCR purification 
column (QIAGEN) as per manufacturer's instructions. 
0531 Oligonucleotides encoding a blunt-end adaptor are 
generated comprising the following sequences: 

(SEO ID NO: 55) 
5'-TTTAAGCAGCTCGATAGCAGCAC-3 '; 
and 

(SEO ID NO. 56) 
s' - GTGCTGCTATCGAGCTGCTTAAA-3 '' . 

0532. The adaptors are annealed to one another. This pro 
cess is completed in HO with each of the oligonucleotides at 
a concentration of 50 uM. Pairs of adaptors are incubated at 
94° C. for 10 minutes and then allowed to cool to room 
temperature slowly. Annealed adaptors are ligated to the 
nucleic acid fragments in the following reactions: 

Pooled PCR product (average length of 150 bp) 2 pmol 
Annealed adaptor 150 pmol 
Ligation buffer (10x) (Promega) 1 Jul 
T4 DNA ligase (3 U/ul) (Promega) 1 Jul 
HO to 10 ul 

0533 Samples are then incubated at 4°C. overnight before 
being heat inactivated through incubation at 65° C. for 20 
minutes. The ligation reaction is then purified using a 
QIAquick PCR purification kit (QIAGEN) 
0534. The modified nucleic acid fragments are then ampli 
fied in a PCR reaction with oligonucleotides of the sequence 
SEQID NO: 54 and the following sequence: 
0535 5'AGACCCGTTTAGAGGCCCCAAGGGGT 
TATGGAATTCACCTTTAAGCAGCT C-3' (SEQ ID NO: 
57). The oligonucleotide of SEQ ID NO: 57 introduces a 
modified lipoprotein terminator with the stop codon removed. 
0536 The PCR reactions are completed in the following 
reaction: 

Template DNA 1 Jul 
pful buffer (10x) (Promega) 5 ul 
MgCl2 (25 mM) 4 Il 
dNTP (2 mM) 5 ul 
oligonucleotide SEQID NO:54 (10 pmol/l) 10 ul 
oligonucleotide SEQID NO: 57 (10 pmol/l) 10 ul 
pful DNA polymerase (Promega 5 U?ul) 0.4 Il 
HO to 50 ul 

0537. The PCR reactions are completed with the follow 
ing cycling conditions: 

0538 5 min 94° C.+30x30 sec 94° C., 30 sec. 55° C., 1 
min 72°C.--5 min 72°C. 

0539 PCR products are then purified using a QIAquick 
PCR purification column (QIAGEN). 
0540. In a separate reaction the amino acids 211-299 of 
gene III of filamentous phage M13 are amplified using the 
following oligonucleotides: 

(SEO ID NO. 58) 
5 - CGTGAAAAAATTATTATTCGCAATTC-3' 

(SEO ID NO. 59) 
s" - TTAAGACTCCTTATTACGCAGTATGTTAGC-3' 
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(0541. The oligonucleotide SEQID NO: 58 is phosphory 
lated using T4 polynucleotide kinase (Promega), to allow for 
later directional cloning of the PCR product. The phosphory 
lation proceeds in the following reaction: 

Oligonucleotide (SEQID NO: 58) 
Ligation buffer (10x) (Promega) 1 Ll 
rATP (10 mM) 2 Jul 
T4 polynucleotide kinase (5 U?ul) 1 Ll 
HO 20 ul 

(0542 Samples are incubated at 37° C. for 30 minutes 
followed by incubation at 65° C. for 20 minutes to heat 
inactivate the T4 polynucleotide kinase. 
0543. The oligonucleotides are then used in the following 
PCR reaction: 

Template DNA 1 Jul 
pful buffer (10x) (Promega) 5 ul 
MgCl2 (25 mM) 4 Il 
dNTP (2 mM) 5 ul 
oligonucleotide SEQID NO: 58 (10 pmol/l) 10 ul 
oligonucleotide SEQID NO. 59 (10 pmol/l) 10 ul 
pful DNA polymerase (Promega 5 U?ul) 0.4 Il 
HO to 50 ul 

0544 Reactions are then cycled in a Perkin Elmer ther 
mocycler PE 9700 or PE 2400 using the following program: 

0545) 5 min 94° C.+30x30 sec 94° C., 30 sec. 59° C., 1 
min 72°C.--5 min 72° C. 

0546 Reactions are electrophoresed in a 2%. TAE/agarose 
gel and the 1276 bp fragment isolated using a QIAquick gel 
purification kit (QIAGEN). 
0547. The modified nucleic acid fragments and the spacer 
sequence isolated from M13 phage are then ligated in the 
following reaction: 

Modified nucleic acid fragment (21g) 
Spacer (21g) 
Ligation buffer (10x) (Promega) 2 Il 
T4 DNA ligase (3 U/ul) (Promega) 1 Jul 
HO to 20 ul 

0548 Samples are then incubated at 4°C. overnight before 
being heat inactivated through incubation at 65° C. for 20 
minutes. The ligation reaction is then purified using a 
QIAquick PCR purification kit (Qiagen) 
0549. The resulting gene constructs are transcribed and 
translated in vitro using the Promega E. coli S 30 Extract 
system for linear templates as per manufacturer's instruc 
tions, which are a modification of the protocol of Leslie et al. 
J. Biol. Chem. 266, 2632-1991. 
0550 The translation reaction is stopped by adding mag 
nesium acetate Mg(OAc), to a final concentration of 50 
mM, chloroamphenicol to a final concentration of 50 uMand 
cooling the samples on ice. The samples are then diluted 8 
fold with ice-cold wash buffer (50 mM Tris-HOAc, pH7.5/ 
150 mM. NaCl/50 mM Mg(Oac)/0.1% Tween 20) and cen 
trifuged for 5 minutes at 4°C. at 100,000 g to remove any 
insoluble components. 
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0551. The in vitro displayed library is then screened to 
isolate peptides that bind to C.-FLAG monoclonal antibody. 
The monoclonal antibody is first adsorbed to a microtiter 
plate. Each well of a microtiter plate is rinsed twice with 
distilled water. The C-FLAG monoclonal antibody (C-FLAG 
M2, Sigma Aldrich) is diluted in TBS buffer to 20 g/ml and 
100 uladded per well. The antibody is allowed to adsorb at 4 
C. overnight. The microtiter plate is then rinsed three times 
with TBS buffer and filled with 5% skim milk in distilled 
water. For blocking the skim milk solution is allowed to bind 
with gentle rocking for 1 hour at room temperature. The dish 
is then rinsed five times with double distilled water (ddHO) 
and filled with ddH0 until use. 
0552. Prior to use, each well of the microtiter plate is 
washed with ice-cold wash buffer, and the supernatant from 
the centrifuged translation mixture applied (200 ul per well). 
The plate is then gently rocked for 1 hour at room tempera 
ture. Each well of the microtiter plate is then washed with 
ice-cold wash buffer five times, and the bound ribosome 
displayed peptides eluted using ice cold elution buffer (50 
mM Tris-HOAc, pH7.5/150 mM NaC1/10 mM EDTA/50 
ug/ml E. colitRNA). Elution buffer (100 ul) is added per well, 
and the plates gently rocked for 10 minutes at 4° C. The 
released mRNA is recovered using the RNeasy kit (QIAGEN) 
using manufacturer's instructions. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 81 

<21 Os SEQ ID NO 1 
&211s LENGTH: 6 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221s NAMEAKEY: misc feature 
<222s. LOCATION: 2, 3 
<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 
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0553 Recovered mRNAs are then reverse transcribed 
using SuperScript reverse transcriptase (Invitrogen) accord 
ing to manufacturer's instructions. The positive nucleic acid 
fragments are then amplified using PCR with the oligonucle 
otides (very first ones without random bases). PCR products 
are electrophoresed in a 2%. TAE/agarose gel and the PCR 
products recovered using QIAquick gel extraction kit. Recov 
ered nucleic acids are then sequenced using a Big Dye Ter 
minator system (Perkin Elmer). 

Example 12 

Compatibility of S. Aureus and E. Coli Infected with 
T7 Growing on Solid Media in Close Proximity 

0554. Initial tests are carried out to establish whether the 
growth of an E. coli lawn containing T7 bacteriophage 
plaques is generally inhibitory to the growth of a lawn of S. 
aureus on top of a semipermeable membrane laid down on top 
of the phage overlay. The results of this assay Suggested that 
both the E. Coli/T7 culture, and the S. aureus culture are able 
to grow without any apparent interference. Accordingly, this 
assay format is utilised in determining those peptides that 
demonstrate antibacterial properties. 

<223> OTHER INFORMATION: synthetic Kozak consensus sequence 

<4 OOs SEQUENCE: 1 

rinnatg 

<21 Os SEQ ID NO 2 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic Kozak consensus sequence 

<4 OOs SEQUENCE: 2 

ccrccatg 

<21 Os SEQ ID NO 3 
&211s LENGTH: 11 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic Kozak consensus sequence 

<4 OOs SEQUENCE: 3 

gcc agcc atgg 11 
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<210s, SEQ ID NO 4 
&211s LENGTH: 8 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic Kozak consensus sequence 

<4 OOs, SEQUENCE: 4 

ctaccatg 

<210s, SEQ ID NO 5 
&211s LENGTH: 10 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic Shine Dalgarno sequence 

<4 OOs, SEQUENCE: 5 

gaagaagata 

<210s, SEQ ID NO 6 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 6 

aaaaaac 

<210s, SEQ ID NO 7 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OO > SEQUENCE: 7 

aaattta 

<210s, SEQ ID NO 8 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 8 

aaattitt 

<210s, SEQ ID NO 9 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 9 

gggaaac 

<210s, SEQ ID NO 10 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

10 
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22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 10 

gggCCCC 7 

<210s, SEQ ID NO 11 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 11 

gggttta 7 

<210s, SEQ ID NO 12 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 12 

gggttitt 7 

<210 SEQ ID NO 13 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 13 

tittaaac 7 

<210s, SEQ ID NO 14 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 14 

tttalaat 7 

<210s, SEQ ID NO 15 
&211s LENGTH: 6 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 15 

ttitt ta. 6 

<210s, SEQ ID NO 16 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 16 
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ggattta 7 

<210s, SEQ ID NO 17 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 17 

Cttaggc 7 

<210s, SEQ ID NO 18 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 18 

gcgagtt 7 

<210s, SEQ ID NO 19 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 19 

t cct gat 7 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 2O 

aaaaaag 7 

<210s, SEQ ID NO 21 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 21 

aaaaaaa. 7 

<210s, SEQ ID NO 22 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 22 

aaaaaac 7 
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<210s, SEQ ID NO 23 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 23 

gggaaag 7 

<210s, SEQ ID NO 24 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 24 

aaaaggg 7 

<210s, SEQ ID NO 25 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 25 

gggaaaa 7 

<210s, SEQ ID NO 26 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 26 

tittaaag 7 

<210s, SEQ ID NO 27 
&211s LENGTH: 7 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 27 

aaagggg 7 

<210s, SEQ ID NO 28 
&211s LENGTH: 3 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic translational slippage sequence 

<4 OOs, SEQUENCE: 28 

citt 3 

<210s, SEQ ID NO 29 
&211s LENGTH: 17 
212. TYPE: PRT 

<213> ORGANISM: Drosophila 
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<4 OOs, SEQUENCE: 29 

Cys Arg Glin Ile Lys Ile Trp Phe Glin Asn Arg Arg Met Lys Trp Llys 
1. 5 1O 15 

Lys 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 21 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic Pep1 peptide 

<4 OOs, SEQUENCE: 30 

Lys Glu Thir Trp Trp Glu Thir Trp Trp Thr Glu Trp Ser Glin Llys Lys 
1. 5 1O 15 

Llys Lys Arg Llys Val 
2O 

<210s, SEQ ID NO 31 
&211s LENGTH: 5 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic initiator sequence recognized by P2A 
protein 

<4 OOs, SEQUENCE: 31 

tcgga 5 

<210s, SEQ ID NO 32 
&211s LENGTH: 5 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic membrane anchor sequence 

<4 OOs, SEQUENCE: 32 

Pro Asp Gly Phe Arg 
1. 5 

<210s, SEQ ID NO 33 
&211s LENGTH: 46 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222> LOCATION: 41, 42, 43, 44, 45, 46 
<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide primer 

<4 OOs, SEQUENCE: 33 

gact acaagg acgacgacga caaggctitat caatcaatca nnnnnn 46 

<210s, SEQ ID NO 34 
&211s LENGTH: 49 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222> LOCATION: 41, 42, 43, 44, 45, 46, 47, 48, 49 
<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 
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&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide primer 

<4 OOs, SEQUENCE: 38 

Cagaagctta aggacgacga cacaag 

<210s, SEQ ID NO 39 
&211s LENGTH: 27 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide primer 

<4 OOs, SEQUENCE: 39 

Caggaattica aggacgacga cacaag 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 28 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide primer 

<4 OOs, SEQUENCE: 4 O 

Caggaatt CC aaggacgacg acgacaag 

<210s, SEQ ID NO 41 
&211s LENGTH: 29 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide primer 

<4 OOs, SEQUENCE: 41 

Caggaattica Caaggacgac gacgacaag 

<210s, SEQ ID NO 42 
&211s LENGTH: 16 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic adaptor oligonucleotide 

<4 OOs, SEQUENCE: 42 

aatt cqaacc cct tcg 

<210s, SEQ ID NO 43 
&211s LENGTH: 12 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic adaptor oligonucleotide 

<4 OOs, SEQUENCE: 43 

cgaaggggtt cg 

<210s, SEQ ID NO 44 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

27 

27 

28 

29 

16 

12 
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OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 44 

aatt cqaacc cct tcgc 

SEO ID NO 45 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 45 

gcga aggggt tog 

SEQ ID NO 46 
LENGTH: 18 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 46 

aatt cqaacc cct tcgcg 

SEO ID NO 47 
LENGTH: 13 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 47 

gcga aggggt tog 

SEQ ID NO 48 
LENGTH: 16 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 48 

agct Caagg ggttcg 

SEQ ID NO 49 
LENGTH: 12 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: synthetic adaptor oligonucleotide 

SEQUENCE: 49 

cgaacc cctt cq 

SEO ID NO 5 O 
LENGTH: 8 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic FLAG epitope 

SEQUENCE: 5 O 

17 

13 

18 

13 

16 

12 
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Asp Tyr Lys Asp Asp Asp Asp Llys 
1. 5 

<210s, SEQ ID NO 51 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic FLAG-encoding oligonucleotide 

<4 OOs, SEQUENCE: 51 

aatticcgact acaaggacga catgacaag a 

<210s, SEQ ID NO 52 
&211s LENGTH: 31 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic FLAG-encoding oligonucleotide 

<4 OOs, SEQUENCE: 52 

agctitc.ttgt catcgt.cgtc. cittgtagt cq g 

<210s, SEQ ID NO 53 
&211s LENGTH: 89 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 81, 82, 83, 84, 85, 86, 87, 88, 89 
<223> OTHER INFORMATION: n = A, T, C or G 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic tagged random oligonucleotide 

<4 OOs, SEQUENCE: 53 

titt.ccc.gaat tdtgagcgga taacaataga aataattittgtttaactitta agaaggagat 

atat coatgg act acaaaga nnnnn.nnnn 

<210s, SEQ ID NO 54 
&211s LENGTH: 61 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 54 

ggggccaa.gc agtaataata cagt cacta tagggagacic acaacggttt CCC gaattgt 

9 

<210s, SEQ ID NO 55 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic adaptor oligonucleotide 

<4 OO > SEQUENCE: 55 

tittaag cagc ticgatagcag cac 

<210s, SEQ ID NO 56 
&211s LENGTH: 23 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

31 

31 

6 O 

89 

6 O 

61 

23 
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22 Os. FEATURE: 
<223> OTHER INFORMATION: synthetic adaptor oligonucleotide 

<4 OOs, SEQUENCE: 56 

gtgctgct at Cagctgctt aaa 

<210s, SEQ ID NO 57 
&211s LENGTH: 51 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic lipoprotein terminator 
oligonucleotide 

<4 OO > SEQUENCE: 57 

agaccc.gttt agaggc.ccca aggggittatg gaatt cacct ttaag cagct C 

<210s, SEQ ID NO 58 
&211s LENGTH: 26 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic M13 gene III oligonucleotide 

<4 OOs, SEQUENCE: 58 

cgtgaaaaaa ttattatt cq caattic 

<210s, SEQ ID NO 59 
&211s LENGTH: 30 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic M13 gene III oligonucleotide 

<4 OO > SEQUENCE: 59 

ttaagactico ttattacgca gitatgttagc 

<210s, SEQ ID NO 60 
&211s LENGTH: 7551 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic pJFK vector 

<4 OOs, SEQUENCE: 60 

c cc cattatc ttagcc taaa aaaac cittct ctittggaact ttcagtaata cqcttaactg 

Ctcattgcta tattgaagta C9gattagaa gocgc.cgagc gggtgacagc cct cogalagg 

aagact ct co to cqtgcgtc. citcgt.ct tca ccggit cqcgt. tcc tdaaacg cagatgtgcc 

tcqc.gc.cgca citgctic cqaa caataaagat tctacaatac tagcttittat ggittatgaag 

aggaaaaatt ggcagtaacc toggc.cccaca aacct tcaaa togaacgaatc aaattaacaa 

c cataggatgataatgcg at tagttttitta gcct tatttic togggg taatt aat cagogaa 

gcqatgattt ttgatctatt aacagatata taaatgcaaa aactgcataa ccactittaac 

taatactittcaac attitt cq gtttgtatta citt cittatto: aaatgtaata aaagtat caa 

caaaaaattig titaatatacc tictatactitt aacgt caagg aggaattaag cittatgggtg 

CtcCtccalaa aaagaa.gaga aaggtagctg gitat caataa agatat cag gagtgcaatg 

c cat cattga gcagtttatc gactacctgc gcaccggaca ggagatgc.cg atggaaatgg 

Jul. 12, 2012 

23 

51 

26 

3 O 

6 O 

12 O 

18O 

24 O 

3OO 

360 

42O 

48O 

54 O 

6OO 

660 
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65 

Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Ala 
25 

Arg Thr Thir Thr Thr Arg Lieu. Ile Asin Glin Ser Val Val Arg Lys Ile 
35 

Trp Lieu. Tyr Arg Asp Ala Arg 
SO 

<210s, SEQ ID NO 
&211s LENGTH: 196 
&212s. TYPE: DNA 

22 Os. FEATURE: 

<4 OOs, SEQUENCE: 

64 

64 

OTHER INFORMATION: 

55 

4 O 

ORGANISM: Artificial Sequence 

synthetic BGF05 H. 

gcaaggacga cacgacaag gcttatcaat caatcagtgg 

cgagatgcaa ggtaacgaala C9ttcaaatt ggcagttcgt 

agaaac actt ttagcc-aata atttagataa aaaagattta 

ccttgtag to tacct 

<210s, SEQ ID NO 
&211s LENGTH: 24 
212. TYPE: PRT 

22 Os. FEATURE: 

<4 OOs, SEQUENCE: 

65 

65 

OTHER INFORMATION: 

ORGANISM: Artificial Sequence 

45 

influenzae 

ttagaaaaat 

gaactittcaa 

gactggcttg 

insertion 

atggctatat 

atgttggtgga 

6 O 

12 O 

18O 

196 

synthetic SCL-E47 antagonist encoded by BGFO5 
H. influenzae insertion 

Ala Arg Thir Thir Thir Thr Arg Lieu. Ile Asin Glin Ser Val Val Arg Llys 
1. 5 

Ile Trp Lieu. Tyr Arg Asp Ala Arg 

<210s, SEQ ID NO 
&211s LENGTH: 419 
&212s. TYPE: DNA 

22 Os. FEATURE: 

frame 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 
22 Os. FEATURE: 

<221 > NAMEAKEY: 
&222s. LOCATION: 

<4 OOs, SEQUENCE: 

atg 
Met 
1. 

gct 
Ala 

toa 
Ser 

tgt 
Cys 

ggit aag cct 
Gly Llys Pro 

atg ggit gct 
Met Gly Ala 

2O 

gac tac aag 
Asp Tyr Lys 

35 

titt tta at c 
Phe Lieu. Ile 

66 

CDS 

OTHER INFORMATION: 

ORGANISM: Artificial Sequence 

15 

synthetic clone BGF06 with first open reading 

(1) . . . (165) 

misc feature 
355, 

OTHER INFORMATION: 
3 O7, 

66 

atc. 
Ile 
5 

cott 
Pro 

gac 
Asp 

aag 
Lys 

cott 
Pro 

C Ca 

Pro 

gac 
Asp 

gta 
Wall 

357 

n = A, T, C or G 

aac 

Asn 

a.a.a. 

gac 
Asp 

toa 
Ser 

cott 
Pro 

aag 
Lys 

gac 
Asp 
4 O 

tgacatgtcc caacct cqcc cactgct citc 

citc. 
Luell 

aag 
Lys 
25 

aag 
Lys 

citc. 
Luell 
1O 

aga 
Arg 

gct 
Ala 

ggt 
Gly 

aag 
Lys 

tat 

Tyr 

citc. 
Lell 

gta 
Wall 

CaC 

His 

gat 
Asp 

gct 
Ala 

ata 
Ile 
45 

tot 
Ser 

gala 
Glu 
3O 

att 
Ile 

aca 

Thir 
15 

ttic 
Phe 

gct 
Ala 

Cala 

Glin 

agg 
Arg 

gtt 
Wall 

48 

96 

144 

195 
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t cct cocqaa actgaagaac 

gggagalactg gC9gcacttg 

Ctggattggc gtgttactgg 

agattittgct gttgaataca 

<210s, SEQ ID NO 67 
&211s LENGTH: 55 
212. TYPE: PRT 

55 

agttgttagc 

tCgggctggit 

agatctggct 

cctgattgat 

gcaa.gcacag 

tacgc.ca.gag 

aggtgccagn 

tgata accitt 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

frame 

<4 OO > SEQUENCE: 67 

Met Gly Llys Pro Ile Pro 
1. 5 

synthetic clone BGF06 with 

66 

- Continued 

caactittctg gttatacatt 

aatttaaaac gngataaagg 

gnagggagta aacctgagca 

gtcg 

Asn Pro Lieu. Lieu. Gly Lieu. Asp Ser Thr Glin 
15 

Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Arg 
25 

Ser Asp Tyr Lys Asp Asp Asp Asp Lys Ala Tyr His Ile Ile Ala Val 
35 4 O 

Cys Phe Lieu. Ile Llys Val Ser 
SO 

<210s, SEQ ID NO 68 
&211s LENGTH: 326 
&212s. TYPE: DNA 

55 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: 214, 262, 264 
<223> OTHER INFORMATION: n = AT 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

<4 OOs, SEQUENCE: 68 

aggit cagact acaaggacga 

atcaaggitat catgacatgt 

acagttgtta gcgcaa.gcac 

tgtcgggctg gttacgc.cag 

ggagatctgg Ctaggtgc.ca 

cacctgattig attgataacc 

<210s, SEQ ID NO 69 
&211s LENGTH: 24 
212. TYPE: PRT 

cgacgacaag 

cc caacct cq 

agcaacttitc 

agaatttaaa 

gingnagggag 

ttgtcg 

C or G 

gctitat caca 

cc cactgctic 

tggittataca 

acgngataaa 

taalacct gag 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

BGF06 A. aeolicus insertio 

<4 OOs, SEQUENCE: 69 

Arg Ser Asp Tyr Lys Asp 
1. 5 

Val Cys Phe Lieu. Ile Llys Val Ser 

45 

synthetic clone BGFO 6 A. aeolicus insertion 

taattgctgt ttgttttitta 

t ct cotc.ccg aaactgaaga 

ttgggagaac toggcact 

ggctggattg gcgtgttact 

caagattittg ctgttgaata 

Asp Asp Asp Lys Ala Tyr His Ile Ile Ala 
15 

255 

315 

375 

419 

first open reading 

6 O 

12 O 

18O 

24 O 

3OO 

326 

synthetic SCL-E47 antagonist encoded by clone 
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<210s, SEQ ID NO 70 
&211s LENGTH: 220 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . . (123) 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF13 with first open reading 
frame 

<4 OO > SEQUENCE: 7 O 

atg ggit aag cct atc cct aac cct ct c ct c ggit ct c gat tot aca caa 48 
Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

gct atg ggit gct C ct cca aaa aag aag aga aag gta gct gala tt C gga 96 
Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Gly 

2O 25 3O 

titt togc tict aat caa atgaga gala atg taaaatgaag ccacgaacat 143 
Phe Cys Ser Asn Gln Met Arg Glu Met 

35 4 O 

attaataata gcc taccact gcaac catta gttcc tdatc aggagaacaa aaataagaga 2O3 

aatgaagaga aatc.cgt 22 O 

<210s, SEQ ID NO 71 
&211s LENGTH: 41 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF13 with first open reading 
frame 

<4 OOs, SEQUENCE: 71 

Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Gly 
2O 25 3O 

Phe Cys Ser Asn Gln Met Arg Glu Met 
35 4 O 

<210s, SEQ ID NO 72 
&211s LENGTH: 127 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF13 H. influenzae insertion 

<4 OOs, SEQUENCE: 72 

ggattittgct ctaatcaaat gagagaaatg taaaatgaag ccacgaacat attaataata 6 O 

gcctaccact gcaac Catta gttcCt9atc aggagaacaa aaataagaga aatgaagaga 12 O 

aatc.cgt. 127 

<210s, SEQ ID NO 73 
&211s LENGTH: 10 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SCL-E47 antagonist encoded by clone 
BGF13 H. influenzae insertion 

<4 OO > SEQUENCE: 73 
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Gly Phe Cys Ser Asn Gln Met Arg Glu Met 
1. 5 1O 

<210s, SEQ ID NO 74 
&211s LENGTH: 273 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . . (171) 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF24 with first open reading 
frame 

<4 OOs, SEQUENCE: 74 

atg ggit aag cct atc cct aac cct ct c ct c ggit ct c gat tot aca caa 48 
Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

gct atg ggit gct C ct cca aaa aag aag aga aag gta gct gala tt C agg 96 
Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Arg 

2O 25 3O 

t ca gac tac aag gac gac gac gaC aag ctt atc aaa cat cac tig gtg 144 
Ser Asp Tyr Lys Asp Asp Asp Asp Llys Lieu. Ile Llys His His Trp Val 

35 4 O 45 

citt to a atc atc acc acc gcg tot cqc talacct gttt caaataccac 191 
Lieu. Ser Ile Ile Thr Thr Ala Ser Arg 

SO 55 

catgaactico tot coaccgt atc.ttgacta caagggatga ttgattgata agccttgtcg 251 

tcqtcqtcct togtagt ctda ct 273 

SEO ID NO 75 
LENGTH: 57 
TYPE PRT 

ORGANISM: Artificial Sequence 
FEATURE: 
OTHER INFORMATION: 
frame 

synthetic clone BGF24 with first open reading 

<4 OO > SEQUENCE: 75 

Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Arg 
2O 25 3O 

Ser Asp Tyr Lys Asp Asp Asp Asp Llys Lieu. Ile Llys His His Trp Val 
35 4 O 45 

Lieu. Ser Ile Ile Thr Thr Ala Ser Arg 
SO 55 

<210s, SEQ ID NO 76 
&211s LENGTH: 18O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF24 T. maritima insertion 

<4 OO > SEQUENCE: 76 

aggit cagact acaaggacga cacgacaag Cttatcaaac at Cactgggit gctitt Caatic 6 O 

atcaccaccg cqt citcgcta acctgttt ca aataccacca togaactic ct c ticcaccgitat 12 O 

Cttgactaca agggatgatt gattgataag ccttgtcgt.c gtcgt.ccttg tagtctgact 18O 
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<210s, SEQ ID NO 77 
&211s LENGTH: 26 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic SCL-E47 antagonist encoded by clone 
BGF24. T. maritima insertion 

<4 OO > SEQUENCE: 77 

Arg Ser Asp Tyr Lys Asp Asp Asp Asp Llys Lieu. Ile Llys His His Trip 
1. 5 1O 15 

Val Lieu. Ser Ile Ile Thr Thr Ala Ser Arg 
2O 25 

<210s, SEQ ID NO 78 
&211s LENGTH: 288 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<221s NAME/KEY: CDS 
<222s. LOCATION: (1) . . . (282) 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF35 with first open reading 
frame 

<4 OO > SEQUENCE: 78 

atg ggit aag cct atc cct aac cct ct c ctic ggt Ctc gat tct aca caa 48 
Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

gct atg ggit gct C ct cca aaa aag aag aga aag gta gct gala tt C cala 96 
Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Glin 

2O 25 3O 

gga C9a ca ca caa ggc tita toa at C aat cag tig tta gala aaa tat 144 
Gly Arg Arg Arg Glin Gly Lieu. Ser Ile Asin Glin Trp Lieu. Glu Lys Tyr 

35 4 O 45 

ggc tat at C gag atg caa ggit aac gala acg titc aaa ttg gca gtt ct 192 
Gly Tyr Ile Glu Met Glin Gly Asn. Glu Thir Phe Llys Lieu Ala Val Arg 

SO 55 6 O 

gaa citt toa aat gtg gtg gaa gala aca citt tta gcc aat aat tta gat 24 O 
Glu Lieu. Ser Asn Val Val Glu Glu Thir Lieu. Lieu Ala Asn. Asn Lieu. Asp 
65 70 7s 8O 

aaa aaa gat tta gac togg citt gtc gtc gtc gtc. citt gta gtc 282 
Llys Lys Asp Lieu. Asp Trp Lieu Val Val Val Val Lieu Val Val 

85 90 

tgacct 288 

<210s, SEQ ID NO 79 
&211s LENGTH: 94 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic clone BGF35 with first open reading 
frame 

<4 OO > SEQUENCE: 79 

Met Gly Llys Pro Ile Pro Asn Pro Leu Lieu. Gly Lieu. Asp Ser Thr Glin 
1. 5 1O 15 

Ala Met Gly Ala Pro Pro Llys Llys Lys Arg Llys Val Ala Glu Phe Glin 
2O 25 3O 

Gly Arg Arg Arg Glin Gly Lieu. Ser Ile Asin Glin Trp Lieu. Glu Lys Tyr 



US 2012/0178649 A1 
70 

Jul. 12, 2012 
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35 4 O 45 

Gly Tyr Ile Glu Met Glin Gly Asn. Glu Thir Phe Llys Lieu Ala Val Arg 
SO 55 6 O 

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

Llys Lys Asp Lieu. Asp Trp Lieu Val Val Val Val Lieu Val 
85 90 

SEQ ID NO 8O 
LENGTH: 195 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: synthetic clone BGF35 H. 

<4 OOs, SEQUENCE: 80 

Caaggacgac gacgacaagg ctitat caatc aat cagtggit tagaaaaata tigct at at C 

gagatgcaag gtaacgaaac gttcaaattg gCagttcgtg alactittcaaa ttggtggaa 

gaaacactitt tagccaataa tittagataaa aaagatt tag actggcttgt cqtcqtcgt.c 

cittgtagt ct gacct 

<210s, SEQ ID NO 81 
&211s LENGTH: 63 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 
223 OTHER INFORMATION: 

BGF35 H. influenzae insertion 

<4 OOs, SEQUENCE: 81 

Glin Gly Arg Arg Arg Glin Gly Lieu. Ser Ile Asn Glin Trp 
1. 5 1O 

Tyr Gly Tyr Ile Glu Met Glin Gly Asn Glu Thr Phe Lys 
2O 25 

Arg Glu Lieu. Ser Asn Val Val Glu Glu Thir Lieu. Lieu Ala 
35 4 O 45 

Asp Llys Lys Asp Lieu. Asp Trp Lieu Val Val Val Val Lieu. 
SO 55 6 O 

1-90. (canceled) 
91. An expression library comprising isolated nucleic acid 

fragments from nineteen organisms selected from microor 
ganisms and eukaryotes containing compact genomes that are 
Substantially sequenced, wherein: 

(i) the isolated nucleic acid fragments from each of said 
organisms are present in said expression library in 
amounts that are proportional to the relative genome 
sizes of said organisms; 

(ii) the isolated nucleic acid fragments comprise fragments 
of known nucleotide sequences that are predicted to 
encode protein domains of polypeptides of known func 
tion; 

(iii) the isolated nucleic acid fragments comprise open 
reading frames having an average length of 36-45 nucle 
otide residues, wherein the open reading frames com 
prises open reading frames encoding peptides having 
activities not predictable from the known function; and 
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(iv) the isolated nucleic acid fragments are inserted sepa 
rately into an expression vector thereby producing 
recombinant constructs wherein each of said fragments 
is in operable connection with a promoter sequence that 
confers expression of that fragment. 

92. The expression library of claim 91 wherein the isolated 
nucleic acid fragments are from organisms selected from the 
group consisting of Aeropyrum permix, Anopheles gambiae, 
Arabidopsis thaliana, Aquifex aeolicus, Archaeoglobus filgi 
dis, Bacillus subtilis, Bordetella pertussis, Borrelia burgdor 
feri, Caenorhabditis elegans, Chlamydia trachomatis, Danio 
rerio, Drosophila melanogaster; Escherichia coli, Haemo 
philus influenzae, Helicobacter pylori, Methanobacterium 
thermoautotrophicum, Methanococcus jannaschii, Myco 
plasma pneumoniae, Neisseria meningitidis, Pseudomonas 
aeruginosa, Pyrococcus horikoshii, Saccharomyces cereve 
siae, Schizosaccharomyces pombe, Synechocystis PCC 6803, 
Takifugu rubripes, Thermoplasma volcanium, and Thermo 
toga maritima. 
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93. The expression library of claim 91 wherein the isolated 
nucleic acid fragments are from organisms selected from the 
group consisting of Aeropyrum permix, Aquifex aeolicus, 
Archaeoglobus fulgidis, Bacillus subtilis, Bordetella pertus 
sis, Borrelia burgdorferi, Chlamydia trachomatis, Danio 
rerio, Drosophila melanogaster, Escherichia coli, Haemo 
philus influenzae, Helicobacter pylori, Methanobacterium 
thermoautotrophicum, Methanococcus jannaschii, Myco 
plasma pneumoniae, Neisseria meningitidis, Pseudomonas 
aeruginosa, Pyrococcus horikoshi, Synechocystis PCC 
6803. Thermoplasma volcanium, and Thermotoga maritima. 

94. The expression library of claim 91 wherein the isolated 
nucleic acid fragments are from: Aeropyrum permix, Aquifex 
aeolicus, Archaeoglobus filgidis, Bacillus subtilis, Borde 
tella pertussis, Borrelia burgdorferi, Chlamydia trachomatis, 
Escherichia coli, Haemophilus influenzae, Helicobacter 
pylori, Methanobacterium thermoautotrophicum, Methano 
coccus jannaschii, Mycoplasma pneumoniae, Neisseria men 
ingitidis, Pseudomonas aeruginosa, Pyrococcus horikoshii, 
Synechocystis PCC 6803. Thermoplasma volcanium, and 
Thermotoga maritima. 

95. The expression library of claim 91 wherein the expres 
sion vector is a plasmid vector, bacteriophage vector or 
phagemid vector. 

96. The expression library of claim 91 wherein the expres 
sion vector is a bacteriophage vector plasmid vector compris 
ing SEQID NO:36. 

97. The expression library of claim 91 wherein the recom 
binant construct comprises a vector in a cellular host. 

98. The expression library of claim 97 wherein the cellular 
host is a bacterium. 
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99. The expression library of claim 97 wherein the cellular 
host is a yeast. 

100. The expression library of claim 91 wherein the expres 
sion vector is a bacteriophage vector and wherein the expres 
sion library comprises recombinant bacteriophage particles. 

101. The expression library of claim 100, wherein the 
bacteriophage vector is M13. 

102. The expression library of claim 100, wherein the 
bacteriophage vector is a T7 bacteriophage vector. 

103. A bacteriophage expression library comprising iso 
lated nucleic acid fragments comprising open reading frames 
each having an average length of 36-45 nucleotide residues, 
said fragment being from the organisms Aeropyrum permix, 
Aquifex aeolicus, Archaeoglobus fiulgidis, Bacillus subtilis, 
Bordetella pertussis, Borrelia burgdorferi, Chlamydia tra 
chomatis, Escherichia coli, Haemophilus influenzae, Helico 
bacter pylori, Methanobacterium thermoautotrophicum, 
Methanococcus jannaschii, Mycoplasma pneumoniae, Neis 
seria meningitidis, Pseudomonas aeruginosa, Pyrococcus 
horikoshii, Synechocystis PCC 6803, Thermoplasma volca 
nium, and Thermotoga maritima, and wherein the fragments 
are inserted separately into a bacteriophage expression vector 
thereby producing recombinant constructs wherein each of 
said fragments is in operable connection with a promoter 
sequence that confers expression of that fragment. 

104. The bacteriophage expression library of claim 103. 
wherein the bacteriophage vector is M13. 

105. The bacteriophage expression library of claim 103. 
wherein the bacteriophage vector is a T7 bacteriophage 
Vector. 


