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SYSTEMS AND METHODS FOR 
GENERATING PEPTIDES 

RELATED APPLICATIONS 

[0001] This application is a divisional of US. Ser. No. 
11/123,399 ?led on May 5, 2005 by Gregory Stephanopo 
ulos, Kyle Jensen, and Christopher Loose Which claims pri 
ority to US. Provisional Application U.S. Ser. No. 60/568, 
570 ?led on May 5, 2004, entitled Systems and Methods for 
Generating Peptides, and naming Gregory Stephanopoulos as 
inventor, the contents of Which are incorporated by reference. 

BACKGROUND 

[0002] Recently, advances have been made in synthesizing 
stable proteins With novel sequences. Efforts to design pro 
teins rely largely on knowledge of the physical properties that 
determine protein structure, such as the patterns of hydropho 
bic and hydrophilic residues in the sequence, salt bridges and 
hydrogen bonds, and secondary structural preferences of 
amino acids. Various approaches to apply these principles 
have been attempted. For example, helical proteins Were gen 
erated and discussed in Regan, et al., Science 241:976-978 
(1988) and an experimental method Was developed using 
random mutagenesis and described in Kamtekar, et al., Sci 
ence 262:1680-1685 (1993). Similarly, US. Pat. No. 6,708, 
120 discusses a method that starts With a protein backbone 
structure and then modi?es the backbone structure by estab 
lishing a group of potential rotamers for each of the variable 
residue positions in the backbone. The process then quanti 
tatively analyZes and evaluates the interaction of each of the 
potential rotamers With all or part of the remainder of the 
protein backbone. Through this process, the method attempts 
to generate a set of optimiZed protein sequences. Addition 
ally, de novo protein design has been discussed that proposes 
fully automated sequence selection. Dahiyat, B. I., and Mayo, 
S. L., De novo Protein Design: Fully Automated Sequence 
Selection. Science, 278, 82 (1997). This Work demonstrated a 
computational design algorithm based on physical-chemical 
potential functions and stereochemical constraints. The con 
straints Were used to screen a combinatorial library of pos 
sible amino acid sequences for compatibility With a design 
target. Through this algorithm, non-Wild type proteins Were 
designed, as con?rmed by BLAST searches, that had a com 
pact Well-ordered structure, in agreement With the design 
target. 
[0003] Although these approaches have brought some clar 
ity and discipline to the process of peptide design, the stan 
dard approach today is still to synthesiZe neW peptides by 
creating synthesiZed peptides that look very similar to a 
knoWn peptide having a particular function or purpose. The 
hope is that the synthesiZed peptide Will have similar func 
tionality as the naturally occurring peptide, and minimal or no 
side effects. The standard method is still employed today 
because synthesizing peptides is relatively simple and the 
currently developed approaches for computationally deter 
mining peptide sequences of interest are di?icult to imple 
ment and offer only marginal improvement over heuristic 
sequence selection. Further, the existing processes have been 
limited in scope in as much as they typically begin from a 
starting point that is related to or de?ned by a single protein or 
peptide of interest. This tends to provide a narroW focus for 
the later development processes, and keeps neWly developed 
proteins tightly bound to the selected seed sequence. 
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[0004] Thus, there is a need in the art for sequence design 
processes that provide a more comprehensive and methodical 
approach to protein design. 

SUMMARY 

[0005] Thus, it is an object of the invention to provide 
design processes for proteins and other biological molecules 
that provide improved accuracy of target selection. 
[0006] It is a further object of the invention to provide such 
design processes that operate more e?iciently and provide 
improved control over the synthesis process. 
[0007] The systems and methods described herein include 
systems and methods for designing peptides that have a 
desired characteristic or property. For example, the systems 
and methods described herein may be used to design, among 
other things peptides and peptide analogs that have antimi 
crobial properties or certain structural features. In one prac 
tice, the methods according to the invention include identify 
ing a database of peptide sequences that are associated With 
the characteristic of interest. For example, a database of pep 
tides may be identi?ed that contains peptides that have anti 
viral properties, Wound response properties, antimicrobial 
properties or some other property of interest. Once the data 
base is identi?ed, the database may be processed in a pattern 
recognition procedure that identi?es a set of patterns that 
could be understood as representative of a peptide having the 
characteristic of interest. 
[0008] In one particular practice, the method employs a 
pattern recognition process that ?nds a set of grammars that 
are representative of peptides having the characteristic of 
interest. 
[0009] A set of randomly generated peptides sequences 
may then be processed to score the randomly generated 
sequences against the identi?ed patterns to correlate the pat 
terns to the sequences and determine a degree of association 
or a similarity betWeen a respective one of the random 
sequences and the set of identi?ed patterns. 
[0010] In one particular practice, the methods described 
herein employ an evolutionary correlation process that begins 
With a set of random peptide sequences and reproduces and 
mutates those sequences according to an evolutionary algo 
rithm and then tests the produced sequences against the set of 
identi?ed patterns to identify a subset of the produced pat 
terns that correlate suf?ciently strongly to the patterns to 
indicate that the respective sequence likely exhibits the char 
acteristic of interest. In a further optional practice, the evolu 
tionary process may be run iteratively for the purpose of 
cycling through the mutation, reproduction and selection 
steps until a set of candidate peptides sequences are generated 
that are tightly correlated to the patterns earlier identi?ed. 
[0011] In a further step, the methods may include selecting 
a subset of the generated highly correlated peptide sequences 
to operate as templates for creating peptides having 
sequences that Were selected to match the sequences gener 
ated in the evolutionary selection process described above. 
The peptides can be tested to determine the biological pres 
ence of the characteristic of interest. 
[0012] In a further optional process, the systems and meth 
ods described herein may be employed to design peptides 
having tWo or more characteristics of interest. For example, 
the methods described herein may be employed to design 
peptides having a ?rst characteristic, such as being antimi 
crobial, and a second characteristic such as having an accept 
able level of toxicity. 
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[0013] Other objects of the invention Will, in part, be obvi 
ous, and, in part, be shown from the following description of 
the systems and methods shoWn herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The foregoing and other objects and advantages of 
the invention Will be appreciated more fully from the folloW 
ing further description thereof, With reference to the accom 
panying draWings Wherein: 
[0015] FIG. 1 depicts a functional block diagram represen 
tative of a system according to the invention; 
[0016] FIGS. 2A and 2B depict an example of a peptide 
design space and an example of a query sequence scoring 
process to determine the degree of association betWeen a 
query string a grammar; 
[0017] FIG. 3 depicts pictorially a schematic of the in silica 
directed evolutionary strategy employed by certain practices 
of the invention; 
[0018] FIG. 4 depicts a How chart diagram of one process 
for designing sequences according to the invention. 

DESCRIPTION OF THE ILLUSTRATED 
EMBODIMENTS 

[0019] To provide an overall understanding of the inven 
tion, certain illustrative embodiments Will noW be described. 
HoWever, it Will be understood by one of ordinary skill in the 
art that the systems and methods described herein can be 
adapted and modi?ed for other suitable applications and that 
such other additions and modi?cations Will not depart from 
the scope hereof. In particular, it Will be understood that 
although the systems and methods described herein are done 
largely With reference to examples of peptide designs, the 
invention is not to be so limited and these systems and meth 
ods may be applied to the development and design of other 
biological and non-biological sequences. The modi?cations 
and additions appropriate for such applications Will in part 
obvious to those of skill in the art and in part be apparent from 
the description and examples set out beloW. 
[0020] Accordingly, the systems and methods described 
herein include, among other things, systems and methods for 
designing peptides that have a desired characteristic or prop 
er‘ty. For example, the systems and methods described herein 
can be used to design peptides that have antimicrobial prop 
er‘ties. In one practice, the methods include identifying a 
database of peptide sequences that are associated With the 
characteristic of interest. For example, a database of peptides 
may be identi?ed that have antiviral properties, Wound 
response properties, antimicrobial properties or some other 
property of interest. Once the database is identi?ed, the data 
base may be processed in a pattern recognition procedure that 
identi?es a set of patterns that could be understood as repre 
sentative of a peptide having the characteristic of interest. 
[0021] The systems and methods described above provide 
for a comprehensive analysis of the structure that may lead to 
a desired characteristic behavior. To this end, these systems 
and methods may process a substantial volume of sequence 
data, as Well as carry out a substantial number of repetitive 
operations and calculations. As such, automated tools for 
processing the data are desirable. The systems and methods 
described herein lend themselves Well to automation, at least 
for portions of the process, and one such automated system is 
depicted as a functional block diagram in FIG. 1. Speci?cally, 
FIG. 1 depicts a system 10 that includes a pattern recognition 
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processor 12, a sequence design processor 14, a database of 
sequence data 16 and a data ?le 18 having the designed 
sequences, such as peptide sequences, thereon. The system 10 
depicted in FIG. 1 Will typically be implemented as a com 
puter program operating on one or more conventional data 
processing platforms, such as an IBM PC-compatible com 
puter running the WindoWs operating systems, or a SUN 
Workstation running a Unix operating system. Alternatively, 
the data processing system can comprise a dedicated process 
ing system that includes an embedded programmable data 
processing system. For example, the data processing system 
can comprise a single board computer system that has been 
integrated into a system for performing peptide design pro 
cess. As such, the system 10 may be a dedicated piece of 
laboratory equipment. HoWever, in either of these cases, the 
system 10 Will be understood as a computer program that 
directs the operation of a data processing platform to con?g 
ure the platform into the system 10 depicted in FIG. 1. As 
such, the invention may also be understood to include com 
puter readable media having stored thereon instructions for 
operating a data processing system to carry out the functions 
and operations described herein. 
[0022] In one embodiment the pattern recognition proces 
sor 12 is a softWare module that executes on the data process 
ing platform to direct the platform to collect sequence data 
from the database 16, and process that data to recogniZe 
patterns that occur Within the sequences. An exemplary pro 
cess using the Teiresias pattern discovery process is described 
more fully beloW. The depicted database 16 may be any 
suitable database system, including the commercially avail 
able MicrosoftAccess database, and may be a local, remote or 
a distributed database system. The design and development of 
suitable database systems are described in McGovern et al., A 
Guide To Sybase and SQL Server, Addison-Wesley (1993). 
The database 16 may be supported by any suitable persistent 
data memory, such as a hard disk drive, RAID system, tape 
drive system, ?oppy diskette, or any other suitable system. In 
certain embodiments, the database 16 is substantially remote 
from the pattern recognition processor 12, and a netWork 
connection is employed to provide access to the data stored in 
the database. 

[0023] The systems and methods described herein may be 
employed for designing any type of peptide or protein. For 
purposes of clarity, the system 10 Will noW be described With 
reference to an exemplary process for generating antimicro 
bial peptides of the type that may be effective as antibiotic 
therapies. HoWever, it shall be understood by those of skill in 
the art that this is merely an example of the type of peptide or 
protein that can be generated according to the invention and 
that the systems and methods described herein are not so 
limited that may be employed in other applications. For 
example, peptides may be employed for treating cancer, dia 
betes, for industrial applications, such as for antimicrobial 
agents in paints, peptide toxins for insecticides, or for any 
other application. Different peptides and applications of such 
peptides are set forth in the references, Which references are 
cited throughout this disclosure, and are hereby incorporated 
by reference in their entirety. 
[0024] In one particular application, the systems and meth 
ods described herein have been employed for synthesiZing 
antimicrobial peptides. A peptide as the term is used herein 
Will be understood to encompass organic compounds com 
posed of amino acids, Whether natural or synthetic, and linked 
together chemically by peptide bonds. The peptide bond 
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involves a single covalent link between the .alpha.-carboxyl 
(oxygen-bearing carbon) of one amino acid and the amino 
nitrogen of a second amino acid. Small peptides With feWer 
than about ten constituent amino acids are typically called 
oligopeptides, and peptides With more than ten amino acids 
are termed polypeptides. Compounds With molecular Weights 
of more than 10,000 (50-100 amino acids) are usually termed 
proteins. All these compounds may be designed using the 
systems and methods described herein. 
[0025] Antimicrobial peptides (AmPs) are small proteins 
used by the innate immune system to attack and kill bacteria, 
J. Riff, M. T. Siva-Jothy, Science 301, 472 (2003), D. A. 
Kimbrell, B. Beutler, Nat Rev Genet 2, 256 (2001). These 
peptides are ubiquitous among multicellular eukaryotes and 
have been found in diverse contexts including frog skin, M. 
Simmaco, G. Mignogna, D. Barra, Biopolymers 47, 435 
(1999), scorpion venom, L. Moerman, et al., European J our 
nal of Biochemistry 269, 4799 (2002), and human sWeat, B. 
Schiettek, et al., Nature Immunology 2, 1133 (2001). 
[0026] There is mounting evidence that antimicrobial pep 
tides may become effective antibiotic therapies, R. E. W. 
Hancock, A. PatrZykat, Current Drug TargetsiInfectious 
Disorders 2, 70 (2002). Indeed, many AmPs shoW activity 
against pathogens that are resistant to traditional antibiotics 
such as penicillin, tetracycline, and vancomycin, Y. Ge, et al., 
Antimicrob Agents Chemother 43, 782 (1999), E. TioZZo, G. 
Rocco, A. Tossi, D. Romeo, Biochemical and Biophysical 
Research Communications 249, 202 (1998), M. B. S. m, et al., 
Journal of Medicinal Chemistry 46, 1567 (2003). In humans, 
malfunctioning AmPs can lead to severely immunocompro 
mised phenotypes (10, 11) K. Putsep, G. Carlsson, H. G. 
Boman, M. Andersson, Lancet 360, 1144 (2002), H. G. 
Boman, Journal of Internal Medicine 254, 197 (2003). Ani 
mal models de?cient in AmPs succumb to pathogen chal 
lenge, C. L. Wilson, et al., Science 286, 113 (1999), Whereas 
transgenic mice expressing human AmPs exhibit a markedly 
increased resistance to infection, N. H. SalZman, D. Ghosh, 
K. M. Huttner, Y. Paterson, C. L. Bevins, Nature 422, 522 
(2003). In addition to their antibiotic uses, AmPs may have 
other interesting clinical applications: for example they are 
involved in the immune response of long-term HIV nonpro 
gressors, L. Zhang, et al., Science 298, 995 (2002) and may be 
useful in treating certain cancers, S. Kim, S. S. Kim, Y.-J. 
Bang, S.-J. Kim, B. J. Lee, Peptides 24, 945 (2003), H. M. 
Ellerby, et al., Nature Medicine 5, 1032 (1999),Y. Chen, et al., 
Cancer Research 61, 2434 (2001). 
[0027] The many disease-relevant behaviors of antimicro 
bial peptides are understood as a consequence of their ability 
to broadly distinguish eukaryotic cells from pathogenic 
invaders. In general, AmPs have a net positive charge and an 
amphipathic 3-D structure that gives the peptides an electro 
static a?inity to the out-lea?et of the microbial membrane, A 
Giangaspero, L. Sandri, A. Tossi, European Journal of Bio 
chemistry 268, 5589 (2201), R. M. Epand, H. J. Vogel, Bio 
chimica et Biophysica ActaiBiomembrances 1462, 11 
(1999). 
[0028] Returning to FIG. 1, it is noted that there are a 
number of antimicrobial sequences databases that may be 
used or accessed to provide the database 16 of sequence data. 
The database 16 may contain the sequences of gene encoded 
antimicrobial peptides and proteins. It may also include, 
When available, the sequences of precursors and of putative 
antimicrobial peptides as deduced from DNA sequencing. 
Typically, the available databases are oriented toWards pep 
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tides of animal andplant sequences. But peptides and proteins 
of bacterial origin may be included. One database is the 
AMSDb that is correlated to the SWISS-PROT protein 
sequences database. That database has recently been updated 
and maintained Within the frameWork of the European 
“PANAD” (Peptides As Novel Antiinfective Drugs) Project 
(European 5th frameWork programme, project N.degree. 
QLK2 -CT-2000-0041 1). The database employed Will depend 
upon the speci?cs of the application. For example, it may be 
that the system 10 is directed to designing AmPs for plants, 
and as such the pattern analysis performed by the pattern 
recognition processor 12 may only process AmPs for plants. 
As such the database 16 may be limited to AmPs associated 
only With plants. Additionally, databases may be developed 
that are directed to AmPs having a particular mechanism of 
action. For example, AmPs generally disrupt the membranes 
of a target cell, causing lysis of the cell. HoW this occurs, may 
vary and recently, several peptides With unusual folds With 
strong antimicrobial activity have been identi?ed, and their 
solution determined by NMR. In certain embodiments and 
practices, it may be that the pattern recognition process 12 is 
employed to ?nd a grammar for AmPs having this particular 
feature. Or alternatively, patterns may be identi?ed that the 
system uses to eliminate candidate sequences. In either case, 
the database selected may be chosen by one of the skill in the 
art such that the data studied and processed is suited to the 
task. 
[0029] For example, preliminary studies of AmPs indicate 
that their amphipathic structure gives rise to a modularity 
among AmP sequences. The repeated usage of sequence 
IIIOdUIBSiWhICh may be a relic of evolutionary divergence 
and radiationimay be analogiZed to the use of Words and 
phrases in a natural language, such as English. For example, 
the pattern Q.EAG.L.K.K (the means that any amino acid Will 
suf?ce) is present in over 90% of cecropins, anAmP common 
in insects. 

[0030] Based, at least in part, on this observation, the sys 
tems and methods described herein model the AmP 
sequences as a formal language over the set of amino acids, D. 
Jurafsy, J. H. Martin, Speech and Language Processing: An 
Introduction to Natural Language Processing, Computational 
Linguistics, and Speech Recognition (Prentice Hall, Upper 
Saddle River, NJ, 2000). 
[0031] Furthermore, in certain particular embodiments and 
practices, this language can be generated by a set of right 
linear grammars, such as the ceropin grammar above. Right 
linear grammarsialso knoWn as regular grammars or regular 
expressionsiare simple rules that describe alloWed arrange 
ments of characters, N. Chomsky, IRE Transactions on Infor 
mation Theory 2, 113 (1956). These grammars are useful for 
modeling short-range dependencies in primary sequences 
and are commonly used to represent motifs or patterns, D. B. 
Searls, Nature 420, 211 (2002), D. B. Searls, Arti?cial Intel 
ligence and Molecular Biology, L. Hunter, ed. (AAAI Press, 
1992), pp 47-120. 
[0032] To elucidate the grammar of AmPs, a pattern recog 
nition process Was employed, such as the Teiresias pattern 
discovery tool (see, 1. Rigoutsos, A. Floratos, Bioinformatics 
14, 55 (1998) or a detailed description of the Teiresias algo 
rithm). Given a formal language, Teiresias enumerates right 
linear grammars that are maximal in both composition and 
length. Using Teiresias, the methods described herein discov 
ered What is understood as an exhaustive set of approximately 
44 K grammars in the set of knoWn eukaryotic AmP 



US 2010/0076173 A1 Mar. 25, 2010 
4 

sequences. These sequences consisted of approximately 750 space” 22 is the combinatorially large set of all possible 
AmPs from AMSdb, A. Tossi, Antimicrobial sequences data- sequences. Even for a 20 amino acid peptide like synth-l (see 
base (AMSDb) (2002)’ which were supplemented with about Table 1) this base is large: on the order of l0.sup.26 poWer of 
an additional 200 antimicrobial peptides from SWiss-Prot/ Sequences For eehlpahsoh, that 1_5 a larger number thah the 
TrEMBL, A. Bairoch, R. ApWeiler, Nucleic Acids Research number of Stars 111 the khewhhhlverse It fthther deplete a 
28’ 45 (2002) that Were not included in AMSdb_ grammar space 24 representative of the port1on of possible 
[0033] Together, the set of .about.44 K grammars may be Sequences that Comply WIththe grammar’ ahd a funcnomng 

- “ ,, AmP space 26 representative of the port1on of the total 
understood to describe the language of AmP sequences. In . . 

. . . . . . sequence space that conta1ns a sequence representative of a 
the l1ngu1st1c model employed, a sequence is a string of amino - - - - - - 

.d d .t. “ t. 1,, .fth f t peptide that has an ant1-m1crob1al funct1on. It Wlll be noted 
acl S an 1 1S grammema 1h e seiquence Con olrms 0 one that in FIG. 2A, the grammar space 24 and the functioning 
er more grammahs’ he‘ 1t mate es at eest one reguer expres' AmP space 26, are shoWn to diverge. This represents the 
sleh; The Semahhe lhterpretaheh efthhs Sehtehee 15 the Pep‘ understanding that not all sequences that are grammatical Will 
t1de s funct1on: 1n this case, ant1m1crob1al act1v1ty. provide a functioning AmR and Similarly’ not an functioning 
[0034] To facilitate the design of synthetic AmPs, aheuris- AmPs will be grammatical, in that they comply with the 
tic metric S Was employed, Which is the degree to Which a grammars determined in this process. Such divergence is 
query sequence is grammatical. The metric is generated by a possible and likely, although not necessary. The depicted 
scoring function that gives a measure S that is representative divergence lndlCateS that 111 One practlce, a plurahty Of Can 
of hoW closely a query (or candidate) sequence folloWs the dldate AmPs _are to he Created through the preeesses 
gramman There are numerous techniques for Scoring the descr1bedhere1n, as each cand1dateAmP may not ultimately 
similarity betWeen tWo or more sequences, and any suitable have the deslred blelegleal eetlvlty- FIG- 2A further deplets 
technique may be employed. In one particular practice, a local the Sequehee Spaee 28 dehhlhg the _Set efhamrahy eeehrhhg 
score is assigned along the backbone of a query sequence, gephelesfgatl havehthe eheéaeéerlshe of Interest‘ AS W111 ?e 
Which is equal to the number of grammars, or fractions of escn e e OW’ t e Pepe e eslgn process may Opnona y 

- - - - - ?lter out from the pool of query sequences, those sequences 
grammars W1th at least 10 ammo acids, that are 1nc1dent upon 

that are knoWn to occur naturally. 
the length of the query sequence. The total score for the 
sequence, S, is the fraction of the sequence’s length that is TABLE-Us-ooool 
Covered by grammars- S:5equehee’5 length eevel'edhy gram- [0036] Table l: The synthetic antimicrobial peptides used 
mars/length of Sequehee- in this study. For each synthetic AmP We also designed tWo 
[0035] This process is depicted in FIG. 2B. More particu- control sequences (a and b), Which have the same amino acid 
larly, FIGS. 2A and 2B depict a peptide design space (FIG. composition as the synthetic peptide but have a S score of 
2A), and an example of a scoring process for generating a Zero. The table also shoWs statistics relevant to AmPs, Which 
measure of the fraction of a sequence that is covered by Were calculated using the EMBOSS softWare package (34). 

Peptide S Size Charge pl Sequence 

synth- l : 

synth-l 1 20 4.5 11.92 NKVKFPLTGAHRLLFTFLFV (SEQ ID NO: 2) 

synth—l.a o 20 4.5 11.92 VVLKLLFFKFNLPHKTRTAG (SEQ ID NO: 3) 

synth-lb o 20 4.5 11.92 LVLTFLFATPKLNGRVKKFW (SEQ ID NO: 4) 

synth- 2 : 

synth-Z 1 31 10.0 11.28 MKKIKKEAGKNILKLAPKEVAAKKSKKSPTK (SEQ ID NO: 5) 

synth-Za o 31 10.0 11.28 PAAGESKVKANKKKAKILPTMKLKKEIKKKS (SEQ ID NO: 6) 

synth-Zb o 31 10.0 11.28 SEASLKAKIKKIAMKKVTKGKAKNKPKLPEK (SEQ ID NO: 7) 

synth- 3 : 

synth-3 0.92 63 3.0 10.41 MKDKNSTQFLLSALLLAVTAGGSPVAAAPWNP (SEQ ID NO: 8) 
FAAI LKAALQIAGAAEPKEVTAKKGPTKADA 

synth-3b o 63 3.0 10.41 GWAGLVAETAIADKMSLKAAGEPPNQNDGAVL (SEQ ID NO: 9) 
KTPPKAAASAKPLGAAKTLAFISPVTLALAK 

synth-3c o 63 3.0 10.41 AAKGVAAAFEANALSAWTTFMGLGGSIGFDKP (SEQ ID NO: 10) fs 
PKKALKNKLTPAAVKSVLLPALAT IAQEDAA 

identi?ed patterns or grammars (FIG. 2B). In particular, FIG. 
2A depicts a space diagram 20 that includes the sequence 
space 22 representative of the space that contains all possible 
sequences for a peptide of a particular length. The “sequence 

[0037] The linguistic model employed in certain practices 
of the invention focuses the search base to the grammar space 
24 but alloWs a deviation from natural peptide sequences. 
This alloWs the system 10 to be employed to design peptides 
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that show no signi?cant or virtually no signi?cant homology 
to any naturally occurring sequences, but have the desired 
function. Homology in this context shall encompass the 
meaning of sequence similarity or identity, With identity 
being preferred. Identical in this context means, at least, iden 
tical amino acids at corresponding positions in the tWo 
sequences Which are being compared. Homology may be 
understood to encompass a similarity or identity of sequence. 
Although, it may include optionally a measure of similarity 
that occurs When amino acids are identical or perhaps Which 
are similar (functionally equivalent). The measure of homol 
ogy employed by the processes described herein Will vary 
according to the application at hand, and any appropriate 
measure of homology may be employed. Optionally, and 
typically, homology may be determined using standard tech 
niques knoWn in the art, such as the Best Fit sequence pro 
gram described by Devereux, et al., Nucl. Acid Res., 12:387 
395 (1984), orthe BLASTX program (Altschul, et al., J. Mol. 
Biol., 215:403-410 (1990)). 
[0038] FIG. 2B shoWs a subsequence of the synth-2 
sequence. Above and beloW the subsequence are grammars 
that match the sequence in a tiled arrangement. For each 
bracketed expression any of the amino acids listed in the 
bracket Will suf?ce. More speci?cally, FIG. 2B depicts a 
grammar 1 depicted as the sequence 30. The example gram 
mar derived using the pattern recognition process discussed 
above includes a sequence of 10 amino acids. The grammar 1 
has a number of optional expressions. For example, the sec 
ond value of sequence may be either L or G. Similarly the 
third value of the sequence may be T, I or P. The ?rst value of 
the sequence is T. Grammar 2, shoWn as sequence 38 is 
expressed using a similar notation. 
[0039] As shoWn in FIG. 2B, both of the grammar 
sequences 30 and 38 are compared to the query sequence 32, 
and in this example, both are found Within the sequence. As 
depicted, the grammar sequences 30 and 38 overlap each 
other. The result is that the query sequence has a score S 34 of 
16/21. This score S indicates that grammars 30 and 38 cover 
sixteen of the tWenty-one values in the query string. In the 
scoring process described and depicted in FIG. 2B, each 
grammar 30 and 38 is given equal Weight. HoWever, in 
optional practices, the grammars may be Weighted or other 
Wise considered differently. For example, grammars that have 
been shoWn to be highly indicative of the characteristic of 
interest may be Weighted more heavily than other sequences. 
This can tend to favor the survival of sequences having the 
more heavily Weighted patterns. Alternatively, other patterns 
may by used to eliminate a sequence from further consider 
ation, or evolution. 

[0040] Moreover, in other embodiments, the systems and 
methods described herein alloW for using a scoring function 
that considers tWo or more grammars generated from differ 
ent and respective pattern recognition processes. For 
example, the scoring function may score a sequence based on 
the inclusion Within the sequence of one or more patterns that 
are associated With a ?rst characteristic, such as being anti 
microbial, and the inclusion Within the sequence of a pattern 
associated With a second characteristic, such as being anti 
toxic. In this Way, the processes described herein may have 
nested criteria to alloW for the development of biological 
sequences that designed to exhibit tWo or more desirable 
characteristics. 

[0041] To design synthetic AmPs, the described scoring 
process Was employed to calculate the score S for a query 
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sequence and to classify the query sequence as either gram 
matical or not. HoWever, before designing sequences, We 
tested the ability of our linguistic model to distinguish 
betWeen true AmP sequences and unrelated sequences. To 
this end, We used 90% of our AmP database to annotate the 
remaining 10% in the presence of non-AmP sequences from 
SWiss-Prot/TrEMBL. We randomly selected 90% of the 
knoWn AmP sequences and generated a Teiresias grammar 
set. These grammars Were used by our annotation softWare to 
identify the remaining 10% of our AmP database that Was 
mixed With 10% of the non-AmP sequences from SWiss-Pro/ 
TrEMBL (.about.78 K sequences). This experiment Was 
repeated 300 times to determine the score S that maximiZed 
selectivity and sensitivity. We found that the score S:0.73 is 
optimal and that the model has a 99.95% sensitivity and a 
99.95% selectivity. 
[0042] FIG. 3 depicts pictorially one process suitable for 
use With the systems and methods described herein. Speci? 
cally FIG. 3 depicts an evolution strategy and process 50 
Wherein in step 52 there is a starting point. The starting point 
may be a database of some number of paternal sequences. For 
example, the database may include 10,000; 100,000; 1,000, 
000, or more sequences. The sequences may be randomly 
generated and stored in the database to act as paternal 
sequences that Will be reproduced and mutated. Each of these 
paternal sequences in step 52 may be processed in step 54 to 
be mutated and reproduced. For example, each of the 
sequences may have four mutated children as depicted in FIG. 
3 Wherein the mutations may be carried out using any suitable 
technique such as amino-acid substitution based on the blo 
sum-50 matrix. This encourages, but does not require, the 
substitutions of similar amino acids. HoWever, in other prac 
tices, the mutation process may be a fully random substitution 
process, or a probabilistic substitution process that assigns a 
probability of substitution to each residue and in the event a 
substitution does occur at that point in the sequence, the 
system Will substitute based on a probabilistically determined 
substitution. 

[0043] In either case, the mutated and reproduced children 
may be passed to a ?tness function that is applied in step 58. 
The ?tness function may be employed to score the entire 
population, generating a score S that may be associated With 
each of the child and parent sequences. The scoring, as 
described herein, employs the database of grammars gener 
ated from the natural antimicrobial peptides. From the scored 
population a set of candidate sequences, such as the top 100 
sequences are chosen (based on the score for those 
sequences) and become the paternal sequences for the next 
iteration, or optionally set of iterations. In one such embodi 
ment, the 100 most highly scored sequences are forWarded to 
step 54 to be reproduced and mutated. In one practice Where 
four children Were reproduced and mutated for each parent, 
the 100 sequences are turned into 500 mutated sequences. 
The parent and mutated children may be passed at the ?tness 
function and again scored and again the top 100 most highly 
scored sequences may be kept. This iterative process may be 
continued until a set of candidate sequences is identi?ed that 
have a score of su?icient interest to proceed With. 

[0044] In one embodiment, a set number of cycles is estab 
lished to run through the process 50. In one example, the 
process loop depicted in FIG. 3 Was run 3,000 times. The ?rst 
time With 100,000 sequences and the next 2,999 the cycles 
With the top 100 sequences as scored by the ?tness function. 
Optionally and alternatively, the system 10 may be run by 
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setting a threshold metric that identi?es the score Which is 
required for a certain number of sequences before the process 
Will resolve itself. In either case, the system Will generate a set 
of highly scored candidate sequences that may be considered 
for synthesis. 
[0045] FIG. 4 depicts a How chart diagram presenting in 
more detail the process shoWn pictorially in FIG. 3. More 
speci?cally, FIG. 4 depicts a How chart of the type commonly 
employed to describe a computer program. The How chart 
depicts a process 70 that begins in a step 72 Wherein the 
process 70 collects a database of sequence data that has the 
characteristic of interest. As discussed above, the database 
may be a database of AmPs sequences that are naturally 
occurring. After step 72, the process 70 proceeds to step 74, 
Where a pattern matching process is executed. Here the pro 
cess 70 analyZes the sequence data to determine a set of 
expressions or a grammar for these sequences. In step 76, the 
process 70 Will select candidate or query sequences. The 
selection step 76 may ?rst comprise the random generation of 
a large number of query sequences. In one particular process, 
500,000 query sequences are selected. This sequences may be 
generated by a sequence generator that randomly generates 
sequences to have a distribution With some diversity With 
regard to possible grammars. Once generated and selected, 
the process 70, in step 78 generates for each sequence, four 
children sequences that are mutated for each parent. Thus the 
500,000 sequences are expanded into 2,000,000 sequences. 
The parent and mutated children may be passed at the ?tness 
function in step 80 and scored by application of the ?tness 
function. After step 80, the process proceeds to step 82, and 
tests at decision block 82 Whether the process is complete. If 
not, the process returns to step 76, Where the highest scoring 
sequences are selected and passed through the loop again. 
This iterative process may be continued until a set of candi 
date sequences is identi?ed that have a score of suf?cient 
interest to proceed With. At that point, in step 82, the process 
70 may select the highest scoring sequences as the ?nal 
sequences to consider for synthesis and testing. 
[0046] In practice, three novel antimicrobial peptides Were 
designed via in silico directed evolution using the described 
score S as a ?tness function. To begin, as described above a 
database Was created of 100 K progenitor sequences of uni 
form length With the same amino acid distribution as ourAmP 
database. Each of these sequences Was alloWed to have four 
mutated children, Which Were each 100 PAM evolutionary 
units aWay from the parent (the implied rates of mutation 
from the Blosum-50 matrix Were used to make the mutations 
at the amino acid level), S. Henikoff, J. G. Henikoff, Proceed 
ings ofthe National Academy of Sciences 89, 10915 (1992). 
These children, each of Which differed from their parent 
sequence by at least one amino acid, Were added to the total 
population of sequences. 
[0047] To avoid generating sequences that Were similar to 
natural AmPs, the population Was ?ltered (in an optional step) 
to purge any sequences that had six or more amino acids in 
common With any natural AmP sequence. The remaining 
sequences Were scored using our annotation softWare. From 
the population, the sequences With the top 100 S-scores Were 
propagated to the folloWing round, and the entire process Was 
repeated for 3,000 rounds. 
[0048] Using the strategy described above, the process 
alloWed many populations of various lengths to evolve, from 
Which any number may be chosen to validate experimentally 
(sequences synth-l, 2, and 3 in Table 1). Each of these 
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sequences is grammatical; hoWever, none shoW signi?cant 
homology to any naturally occurring protein (N BCI Blast, S. 
Altschul, et al. Nucleic Acids Research 25, 3389 (1997), 
default parameters using NR database). This is possible 
because each grammar can be Written in a large number of 
Ways. For example, the 10 residue grammar [LV] [GA] [TN] 
[FL] AGHML (SEQ ID NO: 14) occurs in 3 natural AmPs, but 
there are 16 possible l0-aa sequences that match this gram 
mar. Since these sequences are built from tiled grammars, the 
synthetic sequences can quickly deviate from the naturally 
populated sequence space such that it is impossible to detect 
similarity using sequence alignment tools. 
[0049] These synthetic sequences may be validated experi 
mentally, along With a set of shuf?ed sequence controls (all 
peptides are shoWn in Table 1). Each peptide may be synthe 
siZed. 

[0050] In a preferred embodiment, the designed proteins 
are chemically synthesized as is knoWn in the art. Laboratory 
synthesis of peptides has risen to the level of a Well-de?ned art 
in recent years. Synthetic peptides, composed of as many as a 
hundred amino acids in speci?ed sequence, have been pre 
pared in the laboratory With good purity and high yields. In 
organic chemistry, peptide synthesis is the creation of pep 
tides, Which are organic compounds in Which more than tWo 
amino acids bind via peptide bonds. Peptides are synthesiZed 
by combining the carboxyl group of one amino acid With the 
amino group of another. During peptide synthesis, one side of 
the amino acids has to be protected to keep the acids from 
reacting With themselves. There are tWo conventional types of 
methods for obtaining polypeptides. One is the stepWise elon 
gation method, in Which the amino acids are connected step 
by-step in turn. The other is the fragment condensation 
method, in Which peptide fragments are coupled to each 
other. Although the former can elongate the peptide chain 
Without racemiZation, the yield drops if only it is used. Frag 
ment condensation is better than stepWise elongation for syn 
thesiZing sophisticated long peptides, but its use must be 
restricted in order to protect the racemiZation. There are tWo 
conventional Ways of synthesiZing polypeptides. One is liq 
uid-phase peptide synthesis, and the other is solid-phase pep 
tide synthesis. When the former is utiliZed, the product can 
usually be puri?ed halfWay, yet time, effort, skill, and expe 
rience are necessary. When the latter is used, less time and 
effort are necessary for the synthesis because the experimen 
tal operation is simpler, but it is impossible to purify the 
peptide during the process. 
[0051] The choice of Which method to use is left to the 
person Who synthesiZes the peptide. The established practices 
for peptide synthesis are particularly useful When the 
designed proteins are short, preferably less than 150 amino 
acids in length, With less than 100 amino acids being pre 
ferred, and less than 50 amino acids being particularly pre 
ferred, although as is knoWn in the art, longer proteins can be 
made chemically or enZymatically. 
[0052] In an optional practice, particularly for longer pro 
teins or proteins for Which large samples are desired, the 
optimiZed sequence is used to create a nucleic acid such as 
DNA Which encodes the optimiZed sequence and Which can 
then be cloned into a host cell and expressed. Thus, nucleic 
acids, and particularly DNA, can be made Which encodes 
each optimiZed protein sequence. This is done using Well 
knoWn procedures. The choice of codons, suitable expression 
vectors and suitable host cells Will vary depending on a num 
ber of factors, and can be easily optimiZed as needed. 
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[0053] Once made, the designed proteins and peptides may 
be experimentally evaluated and tested for structure, function 
and stability, as required. This Will be done as is known in the 
art. 

[0054] The activity of each AmP can be studied against a 
number of bacterial species: E. coli, C. rodenlium, B. sublilis, 
and C. glulamicum. to deter mine the presence of antimicro 
bial activity for these peptides as compared to the control 
sequences. 
[0055] The antimicrobial assays may be based on the 
NCCLS protocol M26-A, and a close variation on that, the 
method of R W Hancock for Cationic peptides. Cells may be 
groWn overnight in Mueller Hinton Broth (MHB) or Cation 
adjusted MHB. These cells may be diluted in fresh MHB to an 
initial concentration of around 5*10 5 cfu/ml. 
[0056] Serial 2 fold dilutions of the antimicrobial are made 
at 10-fold the desired concentration in sterile Water. In the 
Hancock variation 0.2% BSA and 0.01% Acetic Acid are used 
rather than Water. 1 1 ul of antimicrobial are added to 100 ul of 
the innoculum at 5*10 5 cfu/ml and grown overnight. The 
MIC is the ?rst concentration of peptide that prohibits groWth 
as measured by OD at 24 hours. The MBC can be found by 
performing plate counting on the sample that do not have a 
measurable OD. 
[0057] Previous approaches to the design of synthetic 
AmPs have produced peptides that are either closely related 
to naturally occurring peptides, or that are composed of only 
a handful of amino acids, for example, poly-lysine peptides, 
E. TioZZo, G. Rocco, A. Tossi, D. Romeo, Biochemical and 
Biophysical Research Communications 249, 202 (1998), A. 
Tossi, L. Sandri, A. Giangaspero, Biopolymers 55, 4 (2000). 
In contrast, our synthetic AmPs, by design, have an amino 
acid distribution similar to that of natural proteins and they 
populate a region of sequence space that is not occupied by 
naturally occurringAmPs. In essence, our linguistic approach 
is a means to rationally expand the natural sequence space 
Without using structure-activity information or complex fold 
ing simulations. Instead, We rely upon the ability of sequence 
grammars to capture the underlying functions of the peptides. 
These grammars help to establish bounds on the set of syn 
thetic sequences that are likely to have antimicrobial activity. 
[0058] We expect that linguistic strategies, like the gram 
mar-based approach used here, could lead to the design of 
many AmPs. As the annotation of both knoWn and synthetic 
AmPs becomes more complete, the processes herein Will 
make it possible to build custom-made peptides With targeted 
activities using similar approaches. 
[0059] The methods described above may be extended to 
generate, a much larger number of candidate sequences. For 
example, by increasing the siZe of the random sequence list 
originally generated, such as from a 100,000 to 1,000,000, it 
may be expected that the number of highly scored candidate 
sequences may be increased from a feW hundred to a feW 
thousand. The feW thousand candidate sequences may be 
tested against a series of different bacteria to determine Which 
ones are effective. Additionally, the systems and methods 
described herein may be employed to generate peptides that 
have multiple desired characteristics. For example, the sys 
tems and methods described herein may be extended to take 
into consideration a second or third characteristics, such as 
the hemolytic characteristic of a peptide. To this end, and as 
described above pattemsisuch as grammarsimay be gen 
erated or peptides having these second and third characteris 
tics. Of the candidate sequences generated, the systems and 
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methods described herein may apply these neW patterns to the 
candidate sequences to identify sequences that meet both 
criteria, and therefore provide both properties. 
[0060] The proteins and peptides processed and designed 
by the systems and methods described herein may be for any 
organism, including prokaryotes and eukaryotes, With 
enZymes from bacteria, fungi, extremeophiles such as the 
archebacteria, insects, ?sh, animals (particularly mammals 
and particularly human) and birds all possible. Suitable pro 
teins include, but are not limited to, industrial and pharma 
ceutical proteins, including ligands, cell surface receptors, 
antigens, antibodies, cytokines, hormones, and enZymes. 
Suitable classes of enZymes include, but are not limited to, 
hydrolases such as proteases, carbohydrases, lipases; 
isomerases such as racemases, epimerases, tautomerases, or 
mutases; transferases, kinases, oxidoreductases, and 
phophatases. Suitable enZymes are listed in the SWiss-Prot 
enZyme database. 
[0061] Speci?cally included Within “protein” are frag 
ments and domains of knoWn proteins, including functional 
domains such as enZymatic domains, binding domains, etc., 
and smaller fragments, such as turns, loops, etc. That is, 
portions of proteins may be used as Well. 
[0062] Moreover, the proteins may be designed to have 
additional features and characteristics. For example, they 
may be more stable than the knoWn peptides that Were used as 
the starting point. Stable may mean that the neW protein 
retains either biological activity or conformation past the 
point at Which the parent molecule did. Stability includes, but 
is not limited to, thermal stability, i.e. an increase in the 
temperature at Which reversible or irreversible denaturing 
starts to occur; proteolytic stability, i.e. a decrease in the 
amount of protein Which is irreversibly cleaved in the pres 
ence of a particular protease (including autolysis); stability to 
alterations in pH or oxidative conditions; chelator stability; 
stability to metal ions; stability to solvents such as organic 
solvents, surfactants, formulation chemicals; etc. 
[0063] Once made, the proteins of the invention ?nd use in 
a Wide variety of applications, as Will be appreciated by those 
in the art, ranging from industrial to pharmacological uses, 
depending on the protein. Thus, for example, proteins and 
enZymes exhibiting increased thermal stability may be used 
in industrial processes that are frequently run at elevated 
temperatures, for example carbohydrate processing (includ 
ing sacchari?cation and liquifaction of starch to produce high 
fructose corn syrup and other sWeetners), protein processing 
(for example the use of proteases in laundry detergents, food 
processing, feed stock processing, baking, etc.), etc. Simi 
larly, the methods of the present invention alloW the genera 
tion of useful pharmaceutical proteins, such as analogs of 
knoWn proteinaceous drugs. 
[0064] The pattern detection systems and the described 
evolutionary candidate peptide production processes 
described above may be realiZed as softWare processes that 
Were designed and developed folloWing from principles 
knoWn in the art of computer programming, including those 
set forth in Wall et al., Programming Peri, O’Reilly & Asso 
ciates (1996); and Johnson et al, Linux Application Develop 
ment, Addison-Wesley (1998). FIG. 2 further depicts the 
process as including a server. The server may be a conven 

tional data processing platform such as an IBM PC-compat 
ible computer running the WindoWs operating systems, or a 
SUN Workstation running a Unix operating system. Altema 
tively, the data processing system can comprise a dedicated 
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processing system that includes an embedded programmable 
data processing system. For example, the data processing 
system can comprise a single board computer system that has 
been integrated into a system for performing peptide design 
process. As discussed above, the peptide design systems can 
be realized as a softWare component operating on a conven 
tional data processing system such as a Unix Workstation. In 
that embodiment, the peptide design system can be imple 
mented as a C language computer program, or a computer 
program Written in any high level language including C++, 
Fortran, Java or basic. Additionally, in an embodiment Where 
microcontrollers or DSPs are employed, the peptide design 
system can be realized as a computer program Written in 
microcode or Written in a high level language and compiled 
doWn to microcode that can be executed on the platform 
employed. The development of such peptide design system is 
knoWn to those of skill in the art, and such techniques are set 
forth in Digital Signal Processing Applications With the 
TMS320 Family, Volumes I, II, and III, Texas Instruments 
(1990). Additionally, general techniques for high level pro 
gramming are knoWn, and set forth in, for example, Stephen 
G. Kochan, Programming in C, Hayden Publishing (1983). It 
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is noted that DSPs are particularly suited for implementing 
signal processing functions, including preprocessing func 
tions such as image enhancement through adjustments in 
contrast, edge de?nition and brightness. Developing code for 
the DSP and microcontroller systems folloWs from principles 
Well knoWn in the art. 
[0065] The discussed databases can be any suitable data 
base system, including the commercially available Microsoft 
Access database, and can be a local or distributed database 
system. The design and development of suitable database 
systems are described in McGovern et al., A Guide To Sybase 
and SQL Server, Addison-Wesley (1993). The database can 
be supported by any suitable persistent data memory, such as 
a hard disk drive, RAID system, tape drive system, ?oppy 
diskette, or any other suitable system. 
[0066] Those skilled in the art Will knoW or be able to 
ascertain using no more than routine experimentation, many 
equivalents to the embodiments and practices described 
herein. Accordingly, it Will be understood that the invention is 
not to be limited to the embodiments disclosed herein, but is 
to be understood from the folloWing claims, Which are to be 
interpreted as broadly as alloWed under the laW. 

SEQUENCE LISTING 

<l60> NUMBER OF SEQ ID NOS: l8 

<2ll> LENGTH: 12 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically Synthesized 
<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa = Any amino acid 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (6) . . (6) 

<223> OTHER INFORMATION: Xaa = Any amino acid 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (8) . . (8) 

<223> OTHER INFORMATION: Xaa = Any amino acid 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (10) . . (l0) 

<223> OTHER INFORMATION: Xaa = Any amino acid 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (11) . . (ll) 

<223> OTHER INFORMATION: Xaa = Any amino acid 

<400> SEQUENCE: l 

Gln Xaa Glu Ala Gly Xaa Leu Xaa Lys Xaa Xaa Lys 
1 5 l0 

<2ll> LENGTH: 20 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 2 
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—cont inued 

Asn Lys Val Lys Lys Phe Leu Thr Gly Ala His Arg Leu Leu Phe Thr 
l 5 l0 l5 

Phe Leu Phe Val 

20 

<2ll> LENGTH: 20 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 3 

Val Val Leu Lys Leu Leu Phe Phe Lys Phe Asn Leu Pro His Lys Thr 
l 5 l0 l5 

Arg Thr Ala Gly 
20 

<2ll> LENGTH: 20 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 4 

Leu Val Leu Thr Phe Leu Phe Ala Thr Pro Lys Leu Asn Gly Arg Val 
l 5 l0 l5 

Lys Lys Phe His 
20 

<2ll> LENGTH: 31 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 5 

Met Lys Lys Ile Lys Lys Glu Ala Gly Lys Asn Ile Leu Lys Leu Ala 
l 5 l0 15 

Pro Lys Glu Val Ala Ala Lys Lys Ser Lys Lys Ser Pro Thr Lys 
20 25 3O 

<2ll> LENGTH: 31 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 6 

Pro Ala Ala Gly Glu Ser Lys Val Lys Ala Asn Lys Lys Lys Ala Lys 
1 5 l0 l5 

Ile Leu Pro Thr Met Lys Leu Lys Lys Glu Ile Lys Lys Lys Ser 
20 25 3O 

<2ll> LENGTH: 31 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 
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—cont inued 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: '7 

Ser Glu Ala Ser Leu Lys Ala Lys Ile Lys Lys Ile Ala Met Lys Lys 
1 5 l0 15 

Val Thr Lys Gly Lys Ala Lys Asn Lys Pro Lys Leu Pro Glu Lys 
20 25 3O 

<2ll> LENGTH: 63 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 8 

Met Lys Asp Lys Asn Ser Thr Gly Phe Leu Leu Ser Ala Leu Leu Leu 
1 5 l0 l5 

Ala Val Thr Ala Gly Gly Ser Pro Val Ala Ala Ala Pro Trp Asn Pro 
20 25 3O 

Phe Ala Ala Ile Leu Lys Ala Ala Leu Gln Ile Ala Gly Ala Ala Glu 
35 4O 45 

Pro Lys Glu Val Thr Ala Lys Lys Gly Pro Thr Lys Ala Asp Ala 
50 55 6O 

<2ll> LENGTH: 63 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: 9 

Gly Trp Ala Gly Leu Val Ala Glu Thr Ala Ile Ala Asp Lys Met Ser 
1 5 l0 l5 

Leu Lys Ala Ala Gly Glu Pro Pro Asn Gln Asn Asp Gly Ala Val Leu 
20 25 3O 

Lys Thr Pro Pro Lys Ala Ala Ala Ser Ala Lys Pro Leu Gly Ala Ala 
35 4O 45 

Lys Thr Leu Ala Phe Ile Ser Pro Val Thr Leu Ala Leu Ala Lys 
50 55 6O 

<2lO> SEQ ID NO 10 
<2ll> LENGTH: 63 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: lO 

Ala Ala Lys Gly Val Ala Ala Ala Phe Glu Ala Asn Ala Leu Ser Ala 
l 5 l0 l5 

Trp Thr Thr Phe Met Gly Leu Gly Gly Ser Ile Gly Phe Asp Lys Pro 
20 25 30 

Pro Lys Lys Ala Leu Lys Asn Lys Leu Thr Pro Ala Ala Val Lys Ser 
35 4O 45 

Val Leu Leu Pro Ala Leu Ala Thr Ile Ala Gln Glu Asp Ala Ala 
50 55 6O 
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<2lO> SEQ ID NO 11 
<2ll> LENGTH: 10 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 
<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa = Leu or Gly 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (3) . . (3) 

<223> OTHER INFORMATION: Xaa = Thr, Ile or Pro 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (6) . . (6) 

<223> OTHER INFORMATION: Xaa = Thr, Ile, Ser or Pro 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: ('7) . . ('7) 

<223> OTHER INFORMATION: Xaa = Ala or Thr 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (10) . . (l0) 

<223> OTHER INFORMATION: Xaa = Leu or Gly 

<400> SEQUENCE: ll 

Thr Xaa Xaa Leu Leu Xaa Xaa Leu Leu Xaa 

l 

SEQ ID NO 12 
LENGTH: 21 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Chemically synthesized 

SEQUENCE: l2 

Met Lys Ser Thr Gly Pro Leu Leu Ser Ala Leu Leu Leu Ala Val Thr 

Ala Gly Gly Asp Pro 

SEQ ID NO 13 
LENGTH: 10 

TYPE: PRT 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Chemically synthesized 
FEATURE: 

NAME/KEY: VARIANT 
LOCATION: (l) . . (1) 

OTHER INFORMATION: Xaa = Ala, Phe or Thr 

FEATURE: 

NAME/KEY: VARIANT 
LOCATION: (3) . . (3) 

OTHER INFORMATION: Xaa = Ile or Leu 

FEATURE: 

NAME/KEY: VARIANT 
LOCATION: (6) . . (6) 

OTHER INFORMATION: Xaa = Ile or Val 

FEATURE: 

NAME/KEY: VARIANT 
LOCATION: ('7) . . ('7) 

OTHER INFORMATION: Xaa = Ser, Phe, Ala or Thr 

FEATURE: 

NAME/KEY: VARIANT 
LOCATION: (s) . . (8) 

OTHER INFORMATION: Xaa = Val or Ala 
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<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (9) . . (9) 

<223> OTHER INFORMATION: Xaa = Gly, Ala or Asp 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (10) . . (l0) 

<223> OTHER INFORMATION: Xaa = Pro, Gly, Ser or Gln 

<400> SEQUENCE: l3 

Xaa Leu Xaa Leu Ala Xaa Xaa Xaa Xaa Xaa 

l 5 l0 

<2lO> SEQ ID NO 14 
<2ll> LENGTH: 9 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 
<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (l) . . (l) 

<223> OTHER INFORMATION: Xaa = Leu Or Val 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa = Gly Or Ala 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (2) . . (2) 

<223> OTHER INFORMATION: Xaa = Gly Or Ala 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (3) . . (3) 

<223> OTHER INFORMATION: Xaa = Thr Or Asn 

<220> FEATURE: 

<22l> NAME/KEY: VARIANT 
<222> LOCATION: (4) . . (4) 

<223> OTHER INFORMATION: Xaa = Phe Or Leu 

<400> SEQUENCE: l4 

Xaa Xaa Xaa Xaa Ala Gly His Met Leu 
1 5 

<2lO> SEQ ID NO 15 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: l5 

Lys Gln Arg Gln Thr His Ala 
l 5 

<2lO> SEQ ID NO 16 
<2ll> LENGTH: 6 

<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: l6 

Arg Leu His Gly Ala Gly 
l 5 

<2lO> SEQ ID NO 17 
<2ll> LENGTH: 10 
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<2l2> TYPE: PRT 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: l7 

Arg Leu Leu Met Arg Gln Gln Thr His Ala 
l 5 l0 

<2lO> SEQ ID NO 18 
<2ll> LENGTH: 4 

<2l3> ORGANISM: Artificial Sequence 
<220> FEATURE: 

<223> OTHER INFORMATION: Chemically synthesized 

<400> SEQUENCE: l8 

Lys Gln Arg Gln 
1 

1-20. (canceled) 
21. An antimicrobial peptide produced by a method com 

prising the steps of 
determining a set of patterns of primary amino acid 

sequences being representative of a peptide having anti 
microbial activity in a database of antimicrobial pep 
tides selected from the group consisting of AMSDb and 
SWlSS-PROT, 

providing a set of randomly generated peptide sequences at 
least ten amino acids in length, 

correlating the set of patterns With the randomly generated 
peptide sequences by calculating the S score, 

selecting at least one of said randomly generated peptide 
sequences having a score SIl 6/21 or 0.73 or higher and 
mutating the selected peptide sequence, 

repeating the step of correlating the set of patterns With the 
mutated peptide sequences to identify mutated peptide 
sequences having a score S:l6/2l or 0.73 or higher 
scored peptide sequences, 

selecting an identi?ed peptide sequence, Wherein the pep 
tide sequence is not present in the database, and 

synthesizing the peptide sequence. 
22. The antimicrobial peptide according to claim 1, 

Wherein the step of correlating the set of patterns With the 
randomly generated sequences includes processing a 
sequence to determine a score representative of a percentage 
of the sequence that matches to a pattern in the set of patterns, 
Wherein the percentage is 90%. 

23. The antimicrobial peptide according to claim 1, 
Wherein the step of mutating a sequence includes a substitu 
tion process Wherein substitution among similar entities is 
preferred. 

24. The antimicrobial peptide according to claim 1, 
Wherein the step of determining a set of patterns includes 

identifying a set of patterns in a data set of biological 
sequences having antimicrobial activity. 

25. The antimicrobial peptide according to claim 24, fur 
ther comprising the step of identifying a database of biologi 
cal sequence data Wherein the biological sequence data is 
representative of naturally occurring antimicrobial peptides. 

26. The antimicrobial peptide according to claim 24, 
Wherein the step of identifying a set of patterns includes 
identifying a substantially exhaustive set of patterns from the 
database of biological sequences. 

27. The antimicrobial peptide according to claim 1, further 
comprising the step of determining a second set of patterns 
being representative of a peptide having a second character 
istic of interest, and correlating the mutated peptide 
sequences With the second set of patterns to identify peptide 
sequences having the ?rst characteristic and the second char 
acteristic of interest. 

28. The antimicrobial peptide of claim 27, Wherein the 
second characteristic of interest is selected from the group 
consisting of anti-viral, a selected topography, hydrophobic, 
hydrophilic, and thermally stable. 

29. The antimicrobial peptide of claim 21, further compris 
ing the step of comparing the mutated peptide With a sequence 
representative of a naturally occurring peptide and determin 
ing a degree of homology. 

30. The antimicrobial peptide according to claim 29, fur 
ther comprising the step of removing a mutated peptide hav 
ing a degree of homology greater than a selected maximum. 

31. The antimicrobial peptide of claim 1, further compris 
ing the step of synthesizing a peptide having substantially the 
selected mutated peptide sequence. 

32. The antimicrobial peptide of claim 31 further compris 
ing the step of testing activity of a synthesized peptide for 
antimicrobial activity. 

* * * * * 


