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aci ds are tRetblUIHiNvg-fsbdsiksaldtatentdippiication PeroNei hy18RKe7 wmtitiee bul k of
cell U a1 oL RS RercT SOROGE S RS /83 609 BEEe o] 49| Lt 10
protei ng. Thentpreper ni Rat oﬂ‘U Sadlenmrotisomal &aterd iAppittaéidn i Serpiipt by t he
precise sequpnGLa9s FOMRPRHEPLIRIN BRFPRBESIN RAPID REPLICATION OF GLIOMA
CELLS AND IN INFLUENZA EPIDEMICS,” filed March 26, 2002, which is a
Continuation In Part of U.S. Non-provisional Patent Application Ser. No.
09/984,057, entitled “REPLIKINS AND METHODS OF IDENTIFYING REPLIKIN-
20  CONTAINING SEQUENCES,” filed October 26, 2001. Further, this application
claims priority from and is a Continuation in Part of U.S. Non-provisional Patent
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25 Technical Field

[0003] This invention relates generally to the field of bicinformatics. More
particularly, the invention relates to techniques for facilitating the identification of

complex patterns of nucleotide or amino acid sequences.

Background of the Invention

30 [0004] As is well-known, amino acids are the building blocks of proteins.

Proteins make up the bulk of celiular structures, and some proteins serve as



[ 0005] Dat abases of am no acids and proteins are maintained by a variety of
5 research organizations, including, for exanple, the National Center for
‘Bi ot echnol ogy Information (NCBlI) at the U S. National Library of Medicine,
and the Influenza Sequence Dat abase at the Los Al anbs National Laboratory.
These databases are typically accessible via the Internet through web
pages that provide a researcher with capabilities to search for and

retrieve sp%ﬁwm@s R Ricitdlivg czma%efeé& 3t &r%ﬁ@%ﬁ@@n@n&;ﬂo bgicAGFeRsIVH € to
researchers via | ocal -area and w de-area networKks. ditionally,

r esear cher s (B§CUlin Retsing. adiesysreHehe’ aach drefi a5e Stcé'fl*?\d incRArEhaEEs st ored on

peripheral desigesqueicor@eniPa8atdngndhsks, optical disks, static nmenory
devices, and a variety of other digital storage nedia known in the art.

[0006] In a'[’@dﬁ@]I aci gaapgsdr Atglimo Q@l@@@r@eﬁ %{eu@ﬂr@%eﬂﬁﬂaﬁ%d&fyea I/éﬂ%'tﬁ@ﬁ Iy
encoded 15 as al phabetic characters. lists each am no acid known to

occur i pr &%aﬁ‘é" OrgRARIZ3 084 ’H@%d'ﬁgst@rp‘?’@éﬂ‘p'% tpeNabenad bispEifelt i on and
single-lett @rotmﬁso@y wvb;neéhohmc gfﬂt% @ts @L@um Lhﬁaﬁyeﬁmﬂ@%numhe

dat abases, according to a _standar he I'nternatjonal Union of
Pure and Applf ﬁ“@ﬂzaiﬁ%‘iﬁeé‘tc?)ma@quﬂé the[@@(ﬁ‘}m% ?W’ brbralony nhyesse descri bed

by its sequgpe@asis #BIAcAGadSessoR via # I%i@ﬂ@'ti@rougﬁwfég da@@sﬁidﬁgkﬁndeetter
code given in FIG 1, the character string crvpsgvdl a" corresponds to the

protein def PREFAI H@hﬁépﬁ%weﬁéo SeRGR &G et&ﬁY%Wng{ﬁ RIsteinsy sh&pfie,

ar gi ni ngy Vabﬂaﬁﬁsesnﬁﬁylr bIB8 beSREeNDle & r)é@éé?@her!i@ial |DEal-aRSPand Wiieagred,
| euci ne, and al ani ne en a rE)]rot ei n dat abase is searched._for

proteins t hAEMOHES & 1t£9é;@yyélr?§ea§g1@& p¥ HirgctiyrasresaRPPr&cid HELROBINt ei ns
rel-ating tods@apssds ét&eb%ﬁ%nbherbh@e\dﬂfe@tﬁldﬁ asdaégaﬁaaals&@ami@amg&sne may
respond by identif g undregs or t?}a@@‘an s of roteins. This

set of natchi@ H@”}&f'ﬁ’c‘% RYCsa B VRERY 969'9§%1'p‘%‘?f99%5“e MrHR4pe §'§arch
criteria. int duri. t he se rocess, eci ote be
sel ect ed a%opéw e (ﬁ‘m"l‘%a‘fﬂ‘?%\”d ?fot%fnﬁﬁf%?? Rt AgWaL ¢ %@reatyg'ﬁgliy GFWCSQT)(F ot el n
30 identg fi e@lalﬁah@mmrchbl%ters.eamm IfsWeeFlth&r@lh@%mB@dnaWhﬂg oteurtiniprRiteigaNCer .

[ 00091 As can,be seen .in

 nf or mat | on<ELBHEER RgYP G G AN H-PLEL 616 DRRY 11 or mat on
as the titl @mmfaoﬁds,em@y pé edpredenidd :‘heraa:mas;eé aR¥QHRYIb Arstaidand sop/rﬂ|led$>§r| ne
Bthors of PRATEHGERM ‘ﬂ%i‘gfsrst%ﬁhﬁpeﬁacﬁhﬁé’@”%ﬁf W ZPdD”EC-*)? and
the organi S[WOI)‘; om prglven prolein may be des\(’:\ﬁbed By ﬁs%e%%e 'c':é_lgpomlno acs or
20  example, using the single-letter code given in FIG. 1, the character string

“crvpsgvdia” corresponds to the protein defined by the following sequence of amino

acids: cysteine, arginine, valine, proling, serine, glycine, valine, aspartic acid,

leucine, and alanine.

[0008) When a protein database is searched for proteins that satisfy certain

25  criteria (for example, those proteins relating to cancer in humans), the protein
database search engine may respond by identifying hundreds or thousands of
matching proteins. This set of matching proteins may be narrowed by supplying
additional search criteria. At any point during the search process, specific proteins
may be selected and reviewed. In FIG. 2, a printout describes a specific protein

30  identified from an NCBI search for proteins relating {o human cancer.

[0009] As can be seen in FIG. 2, a protein description may include detailed
information describing, among other idenlifying factors, such information as the fitle
of the protein (“Differential expression of a novel serine protease homologue in

squamous cell carcinoma of the head and neck”), the authors of the protein



[ 0010] Protein descriptions may include a specific sequence of am no acids
that define the protein. For exanple, in FIG 2, am no acid sequence data
is found at 5 the end of the description of the protein, in a section of
the printout prefaced by the word "ORIGAN." In this exanple, the first few
am no acids are "nyrpdvvrar,” (SEQ ID NO 1) which correspond to

nmet hi oni ne, tyrosine, arginine, proline, aspartic acid, valine, valine,

ar gi ni ne, aldmbriondicngrdl.rindeSchlBOT1E . "Hane tipy ofgahBrdiesa mihidh thas may

i nclude a se nce of nucleic acid 10 bases, rather than am no acid
sequences, tpﬁgtt TdeTs 'ﬁ%’atéﬁé%?%‘fg"iﬂﬂ‘?n% is known, a sequence of three

nucl ei ¢ aci €S [l«s cleic acid base triplet y. _.correspond to
o an no- aci®BEcor Blognics B MRy B RSl Pt e B0AHOT A F G
3. Each nuclaefice Hei moteas eFdrreixpinple, indEit 2f amethoi atid seeyueabd datnépforsent s or

correspoRds ifLc. amne.acid. . For_ex I the.nucleic acid triplet
G 15" guant el SBE Heaieih SR Heert S TSR S e & e Bl ne.
Simlarly, twed '@EE} N clinabisdxbmipfd, dte iBEXewguaing aeids yteo$nyrpdadarii(BER al so
corresponds ) m | .he. anot her. .exanpl e, _the.nucleic

cel - tr ot et2 Mgl PR REUl OB Gins Tl A B, abPsC 6L

adeni ne- adenaiire, gaiine, agining syredid, wel wgisiaeh corresponds to the am no acid
Lysine. 20 The Replikin Pattern [0012] In previous patent applications, the
i nvent ors hd@d1] den$ompe edotaindiesdasions bey inclpde & eequenice @iindeiaecids t hat has

been deshInghesh Tan&Rhh KiihdPRd Sdlen@ls, 1Rit MR the FBRIL KAdhe kbWFER! T K1 1
pattern conprises a sequence of about t'o abou conti'guous ‘am no aci ds
t hat i ncl udésquenee obttiremhugieit Briddas8) ((char matac bsitlibese trffet] @31 (1) the
sequence ha : I A I I ] acid
residues fr %%@%Sdgggg‘%ﬁﬁ?gns"ﬁ‘ynid‘?%%‘?"gﬁ‘@?#%%}? ‘n?’%rg%ﬁ%é gég@&ﬁ%@%@ 'gt | east
one hi sti di fitGresFapieiuciagiacil 0aasirip(e8)dentitetsiodoetibie tepsesantd @ast 6% | ysi ne
residues. [ QGHooREOl) KipRANRnbSER. HAPURahBeDReARRRG AletiohldLF api d
replication In fo ungi, yeast, viruses, bacteria, algae, and cancer cells.
Based oht higtagneswicsinetiymine) coedponie ieetdnino ReiglAlkiing Hiayilabe the

i ndi cator o Li ; Rl ; ] I i :

Repl | ki ns oyl pog i dHRCR Q0 ey Binb BEEAREFaico BodpRls LPRERMID (o ase.
For exanpl eacigéfanine. ehganghendrxemptn. dee hudidio eniddripatsdeivk esd 6AQ (adeninst 3

century (i dgndridd-88kse FHN el d%&%—?ﬁ%%,.r&&ﬁggvc Sea%h%-oﬂg-éécin%g@

increase in the concentration o ins’in rresponding influenza
vi rus. W t htheegpise acigdd.ysine.

20  The Replikin Pattern

[0012] In previous patent applications, the inventors have identified and
described a pattern of amino acids that has been designated a "Replikin pattern” or
simply a "Replikin.” A Replikin pattern comprises a sequence of about 7 to about
30 contiguous amino acids that includes the foliowing three (3) characteristics:

25 [0013] (1) the sequence has at least one lysine residue located six to ten

amino acid residues from a second lysine residue;

[0014] {2) the sequence has at least one histidine residue; and
f0015] {3) the sequence has at least 6% lysine residues.
{0016} Replikins have been shown to be associated with rapid replication in

30 fungi, yeast, viruses, bacteria, algae, and cancer cells. Based on this association, it
is believed that Replikins may be an indicator of disease. Additionally, an increase
in concentration of Replikins over time may be an indicator of the imminent onset of

disease. For example, before each of the three influenza pandemics of the last



the -HSN1 influenza, FIG 4 illustrates a rapid increase in the
concentration of Replikins per 100 am no acids just prior to epidemcs in
1997 (indicated as E1), 5 2001 (indicated as E2) and 2004 (indicated as
E3). Replikin patterns have been found in a variety of disease-related
proteins, including cancers of the lung, brain, [liver, soft-tissue,
salivary gl and, nasopharynx, esophagus, stomach, colon, rectum

gal | bl adder cebiUéxaéfdentiﬁe@ss T, dedRued HO®NA) therebhvasda eignifiegrd indreasesn of

mel anong, éi’g tra{lo%u&% né‘!hdmé' ﬁ”ﬁ%ﬁqnd@qaﬁlﬁe&%xmﬁe\mth :ﬁ%s&ee Et er ns

appear to be absent from
sel ected exé'ffﬁbl“lébi"mﬂueméeplﬁlq?u ﬁl”pa&rat% asapit drtcréepedn Beeconicontrafionmef var i ous

orSam o BAThs FOF X kN 1 B ek P 4aRiIR pak. - (SEQ
Virus Cabegap{? bﬂdfr;ait@.d as$y2) asd Q0MRe indlikatad pattder Reb@@au@t@m% havs heepont ai ns

two | t

st o e r iy Gun e varoftol St BA B GAOABRG cadcke bEmEAITLRG) T

whi ch is 15liwer SoiMiweA‘aaildarS@&rm nmmf@n[rﬁoaﬁjph%uss stdomrmin colon trhetuan t

dat abases Of iRl Ned00oR R0 A5 ¢ eW b%de?%%&cﬁgrﬂs HEhQIQnS‘m ariety of

dat abase tools and 'search engil es. avai abI e tool s,
patterns of ’yé]?ﬁhﬁmaaéﬁtﬂjgmim?nééld@@mhnmmtﬁnéind?d;ﬂﬂb@tmefm aplwaﬂlyfodlef f erent

pr ot ei ng CO%B@&@%H\: tg% an é@\;ﬂ}é;t@hﬁ rﬁér‘?gén&ﬁgaﬁlé r@l:stssgé%«{t@é rr%eﬂfﬁ%:QQQ? and

techni ques are avai atteérns of ami no aci
descri bed. Orelifyppalieins et hare been leen®ROSINPES peganéns. A PROSI TE pattern
description be assenbl ed according to the follow ng rul es: 0019]

(1) The st aER%%I]d | i rerarpniie Uhrasitusfpatigre" hepeknssia é’l(%@r@é‘i@y 8)(1 UPAC)
one-letter gaspsnd WHéd&ﬁtasaa"(%cﬁ%Eﬁr’%léét%nﬁ“r‘r@'th(esﬁﬁnd:r'\ﬁrus@ated&?%@ﬂfld2) The

synbol 'x' is used position where any am no acid accepted. [0021]
(3) Anbi gui Pligs %‘P@'kinrﬂﬂu@ﬁ"t @%P%‘;‘reI(ﬂ%l{Pﬁ@famﬁéwadﬁ@éﬁr&@ﬂée%ﬁﬁah@e |ds for a

30 gi vers poghdificid. apRfl W5 AEoRHIRA £hRAGEITAGRRS and (3) the é%en?l’é?%*@ sinbALT]

woul d stand for Alanine or Leucine or Threonine. [0022] Ambi gui ties
are al so i niiSEaEed HY31 wRieh isg!b&fween a pair of curly brackets '{ }' the
am no acids that are not accepted at a given position. For exanmple: (AM
stands for amjnoaméidGeasehdosmscept Al anine and Methionine. 4 [0023] (5) Each

element in a Pattern is separated fromits neighbor by a ' '
[0018} As is known in the art, databases of proteins and amino acids may be

searched using a variety of database tools and search engines. Using these

20 publicly available tools, patterns of amino acids may be described and focated in
many different proteins corresponding to many different organisms. Several
methods and techniques are available by which patterns of amino acids may be
described. One popular format is the PROSITE pattern. A PROSITE pattern
description may be assembled according to the following rules:

25 [0019] (1) The standard International Union of Pure and Applied Chemistry
(IUPAC) one-letter codes for the amino acids are used (see FIG. 1).

{0020} (2) The symbol X' is used for a position where any amino acid is
accepted.
[0021] (3) Ambiguities are indicated by listing the acceptable amino acids for a

30 given position, between square parentheses '[ ]'. For example: [ALT] would stand

for Alanine or Leucine or Threonins.

[0022] (4) Ambiguities are also indicated by listing between a pair of curly
brackets '{ }' the amino acids that are not accepted at a given position. For example:

{AM} stands for any amino acid except Alanine and Methionine.



[00241 (6) Repetition of an el enent of the pattern can be indicated by
followng that elenment with a nunerical value or a nunerical range between
‘parenthesis. Exanples: x(3) corresponds to x-x-x, X(2,4) corresponds to
X-X Or X-X-X Or X-X-X-X. 5 [0025] (7) Wien a pattern is restricted to
either the N or Ctermnal of a sequence, that pattern either starts with
a '<' synbol or respectively ends with a '>" synbol. [0026] (8) A period
ends the pafdoesn. [@)27dchRianphies a¢httBRGSLEFamaltiemes haighbetesy a0, [ 00281 PA
[ AC] -x-V-x(4)-(ED). This pattern is translated as: [Al anine or

Cyst ei ne] - appz4jval i (6o mecamyﬁaﬂwemwtéfan@! pbﬂ@rn@ahﬂa@ﬁﬂu@ca‘h@d dy elloBigar ti c

Aci d 002 PA <A- ST tt t. b th
Nt obm ha - Vst elin b SrddioBl i ar's plefed Btoa it Sete RS ser i no.
or Thr eoni né&kainpBer xBecarespbhdLM-0&] x(Can Yoesprene to ¥alor Rex-x 36x-ka30]

Anot her popul ar format for describing am no acid sequence patterns is the
regul ar %xp[msl on (Wq)rwaen alpattennss f@mdtedaro dibechRNH@IC-8Cmel bisds. |1 n

d
pal torns of CEi e Erehe P ST BRI Cotl ERr<oka RED R A1 |y

construct edsyrobsiecogni ze tokens in a |anguage. Possibly the nost notable
regul ar expression search tool is the Unix 20 utility grep. [0031] In the
cont ext of [Megelri bi(8y ‘apenma acisdhspafteence patterns, a sinplified set of
regul ar expression capabilities is typically enployed. Am no acid sequence
patterns defdoRrdEd byExanedes of PROS!Titegaiteans iexlodessi on rul es end up | ooki ng
quite simlar to PROSITE patterns, both in appearance and in result. A
regul arl®5 BRptlessih HederVpt4)dRDEoN hiapatiaine travsidted egubvieneray be creat ed

nggrféggdﬂgﬁt e o B S Bl bRk E AR BT T o031
(2) tee "L ook  forpa SRALSTY LA P R, AL B PREN by 30

posi tion. means th am no aci
in that po@ftheéﬁqUFQCF(ﬁGQAJF trapylalaseas: flanine-apy [Sxrirlewatd heeaniesld Sedse oThus,

{CF} neans ﬁ@ggm@ (agpgyhgn%qpahgg in that particular position. In sone

systens, the exclusion capability can be specified with a "~" character.
For exampl epoddp WO fbik&RoB8i8Ptor@hl foRAL&Ribing amino acid sequence patterns is

the regular expression format that is familiar to computer scientists. In computer
science, regular expressions are typically used to describe patterns of characters
for which finite automata can be automatically constructed to recognize tokens in a
language. Possibly the most notable regular expression search tool is the Unix

20 utility grep.

{¢031] in the context of describing amino acid sequence patterns, a simplified
set of regular expression capabilities is typically employed. Amino acid sequence
patterns defined by these simple regular expression rules end up looking quite
similar to PROSITE patterns, both in appearance and in result. A regular

25  expression description for an amino acid sequence may be created according to the

following rules:

[0032] (1) Use capital letters for amino acid residues and put a "-" between two

amino acids (not required).

[0033] (2) Use "[...]" for a choice of muitiple amino acids in a particular
30 position. [LIVM] means that any one of the amino acids L, |, V, or M can be in that

position.



aci ds except dycine, and [l LW] would represents all am no aci ds except

I, L, M 5 and V. [0035] (4) Use "x" or "X' fora position that can be any
am no acid. (0036] (5) Use "(n)", where n is a nunber, for multiple
positions. For exanple, x(3) is the sane as "xxx". [0037] (6) Use

"(n1, n2) " for rruI ti pI e or vari abl e positions. Thus, x(1,4) 10 represents
"X" or "xx" or "xxx" or "xxxx". [0038] (7) Use the synbol ">" at the

begi nni ng orjocasay of ()hdseHt. t}étmeicmjde&ﬂnlhbeCidEhEthat{CE} mehfs TainglF the N or C

Soart it n el MRS IR Poseo A bR Syt e R ST R SR

with DEL. 15:8[1(D;G?»Q]ecmarewnlegul"mhamm:ﬁre%r@namp[eLl‘G/Mou[Meﬂes)ént all amino

21(2:? d(}r)[ea)ﬁ\gﬂdﬁ%tx[:%giy tple( 2a)nd I'I@V’]ngyﬂ(ﬁﬁ%preﬁéé%ﬁﬁ;@mnlo lajsé{/g;q%%t 6#17 ami no

posi tion52; aady.resi due at p05|t| ons 3 and 4; a G at position 5 and so
on.... [0040] QO her simlar formats are in use as well. For exanple, the
Basi c Local [0036] Al i @nnese "xSeatX HoTopbsigdBLASTYan ise anyw@hinokge@n syst em

avail able on the Internet, which provides tools for rapid searching of

nucl eoti de &HWd6jpr ot (i rUsdat(a)basfwe n iBaASMbac depinsitiblepitsitieaguBoceaniphe, t hr ee
formats: FA§‘5§1§{F‘Q %’( NCBI Accession nunbers, or GenBank
seqguence nun{) vvever hese formats are even nore sinple in structure

FASTA 1 or mal 2P ( e (oG 5T o L A e o 3PS VT Crvel ope
prot ei nl0 EL PR AL DRCRTIABNTEFRIMOSIY SVVECTNL VNTTVITGL L L NGSYSENRT

Q WOKHRTSNDSAL | LLNKHYNL' PVTCKRPGNKTVLPVTI MAGL VFHSQKYNL RLRQAWC
HFPSNVKGAVKESORSIE] VNI PRERYRESPRDPIKR! #ROROME NDPY TANDWORTIHGERPYOK raguire

VDWPL NYL NNL NEGKN S

TYAPPREGHL E@é TVTGMT VELWT&@R%&@%%%%% %W%Egﬂfﬁgglh&
APTEVRRYTGGHERARAYPD oK SHOCICOICOBLATEGF D NG 10BN finds
LAAVEAQQOM oL TeJVMAYKs ﬁr%(pg,l,]j “ﬁﬁ@gg_r es of the BLAST system i ncl ude sequence

conparison algorithms 35 that are used to search sequence dat abases for

r egi onsy f V\;ﬂ gyl a'vr@f}@s%ﬁekd?e&m? n[H ﬁﬁéﬁﬁ) Jféﬁém%pﬁ%@?@@is e

sequences ich share reqgi ons of
linited in HYMEYM -% o tik’%&fﬁtﬁSeﬂ b7f a@.‘rﬁonﬁﬁifh@ﬁ?mlde that has: an L, |, V, or M at

position 1;a V, |, or C at position 2; any residue at positions 3 and 4; a G at position

5andsoon ....

[0040] Other similar formats are in use as well. For example, the Basic Local
20 Alignment Search Tool (BLAST) is a well-known system available on the internet,
which provides tools for rapid searching of nucleotide and protein databases.
BLAST accepts input sequences in three formats: FASTA sequence format, NCBI
Accession numbers, or GenBank sequence numbers. However, these formats are
even more simple in structure than regular expressions or PROSITE patterns. An

25  example sequence in FASTA format is (SEQ 1D NO: 3):

>gi{532319|pir|TVEV2E|TVEV2E envelope protein
ELRLRYCAPAGFALLKCNDADY DGFKTNCSNVSVVHCTNLMNTTVITGLLLNGS Y SENRT
QIWQKHRTSNDSALILLNKHYNLTVTCKRPGNKTVLEVTIMAGLVEFHSOKYNLRLRQAWC
HEPSNWKGAWKEVKEETIVNLPKERYRGTNDPKRI FFQROWGDPETANLRFNCHGEFFYCK

30 MDWELNYLNNL TVDADHNECKNTSGTKSGNKRAPGPCVORTYVACHIRSVI IWLETISKK
TYAPPREGHLECTSTVTGMTVELNY I PKNRTNVTLSPQIES IWAAELDRYKLVEITPIGE
APTEVRRYTGGHERQEKRVPEVAR XXX XK LA XXX XXX K XXX KA VOSOHLLAGT LOQOKNL
LAAVEAQOQOMLKLTIWGVE

[0041] Features of the BLAST system include sequence comparison algorithms
35  that are used to search sequence databases for regions of local alignments in order
to detect relationships among sequences which share regions of similarity.

However, the BLAST tools are limited in terms of the structure of amino acid



6 sequences that can be discovered and | ocated. For exanple, BLAST is not
capabl e of searching for a sequence that has "at | east one |ysine residue
located six to ten amno acid residues froma second |ysine residue," as
required by a Replikin pattern, for exanple. Nor is BLAST capabl e of
searching for amno acid 5 sequences that contain a specified percentage or
concentration of a particular amno acid, such as a sequence that has "at
| east 6%Iy$quermesitmﬁean‘beksi®edvéred aRe pickalddn Foeaxahp@pBLAST @042] As can be

seen fromit |kn ttern, descri tlonc

represent ed %%éﬂ)ié (s)II‘Ineg "IIgI I%égrS%g E% " "ghiPRY oRgi %Iséne rfﬁ@ge ?WTE 10
patterns andixriedpr anmemrda&sudoas fro:lmca fecohd Mir@heamiee Wab Iecﬂilitedi edat o
descrlblng r ta set-consfructive
Chermt tong ERRHE Betathl fol 8RRk ANIR(S S Dbasle Bt P S ZREL S o 1 or
descri bihg Reqnldnlcémtmabmrﬁamsa spe{c@@d@]erdemtagerdrrc;aa¢erﬁrat|d>m oeaparsegarences of
am no aci ds ter nis har.act er.i attri butes of am no
aci ds that ?InﬂjnosR%‘g(Iﬁ(fIﬁ e@Hﬁ?(I II]% 9518 Ig?ﬁteet%/e?@ erﬁS'BIé?stl cular, the

requi renent that a R@pl i k| n pattern contain at |east 6% |ysine resi dues,
wi t hout mor ¥eedrisaRspiikivaBearal Taoksual pl acement of |ysine residues in

Repl i ki I t I t t d..T t
e A L i e
PE@I TE pat bereprmerﬁe&amglsmfglerfe@ut SEQUBXPE esammn? ﬁc&&t [1604.4HRGs e di ngl y,
there ig, a or_.a em and nme i ven ami no
aci d setcsqouenggﬂae(II égn%re&u%{?x%relsmpﬂ%t II%QPSV%& QFW%II?LIII‘QII?%Q?SF@I Simlarly,
there is a oeeckd swritgseotdaited by falosjrst legivalrset-taidtadtitecopeationh spcmaei n
Rep! 1 ki patel i A e %I’eaﬁ%?ﬁd% LR A

I d h id
gener | ot Skl ) 953 FESRECIT BT
conbi nat i onctefractérizefidiv ajwmgascﬂarrmm ea:zdﬁmt&*ans(cb)xd aimflé cattiganiimo aci d

resi duel ! OC@IIISI‘II’I{;EDI(I] r%r"h@?%&ﬁe% aIF?e ?ktk@%ﬁem A2 frI Iatchggst gaay from

a secon am no resi ocat ed
anywher e i n[ytlh@f@@h@@nwéhommbr(eayeamﬁethsemamwi plan%memt&f@tmdeeasﬂu@ jper cent

of a 30 fOLg I:?.EB B&te@ﬁ Isdrerlaqisllt—: I'IIJ%I’eSIt:I &II'YhuStIII 5 oL ﬂ%rﬂot 8ss%le cIIe prior

art are even CSCAr Ch @r e4as et ati n seasé prediction
and treat rre"ﬁpresa’hfea Beplkimpatédrgaliebergding uniegch simgle IF?RCB!’IFEfpaHera: @ \estirgtet o

predict in r@gl\ﬂgpg% %&qorpccurrence of disease (for exanple, to predict
strain-specific I fTlenza epidemcs) and simlarly to

20 [0044] Accordingly, there is a need in the art for a system and method to scan a
given amino acid sequence and identify all instances of a Replikin pattern.
Similarly, there is a need in the art for a system and method to search protein
databases and amino acid databases for amino acid sequences that maich a
Replikin pattern. Additionally, there is a need in the art for a generalized search

25 tool that permits researchers to locate amino acid sequences of arbitrary specified
length that includes any desired combination of the following characteristics: (1) a
first amino acid residue located more than N positions and less than M positions
away from a second amino acid residue; (2) a third amino acid residue located
anywhere in the sequence; and (3) the sequence contains at least R percent of a

30 fourth amino acid residue. Finally, the shortcomings of the prior art are even more
gvident in research areas relating to disease prediction and treatment. There is a
significant need in the art for a system to predict in advance the occurrence of
disease (for example, to predict strain-specific influenza epidemics) and similarly to
enable synthetic vaccines to be designed based on amino acid sequences or amino

35 acid motifs that are discovered to be conserved over time and which have not been



enabl e synthetic vaccines to be designed based on am no acid sequences or
amno 35 acid notifs that are discovered to be conserved over tinme and

whi ch have not been 7 previously detectable by prior art methods of
searching proteins and am no acid sequences. Brief Description O The
Drawi ngs [0045] FIG 1 is a conversion table that enables am no acids to be
encoded as 5 single al phabetic characters according to a standard supplied

by the I ntepraiduanaletedtihioBy @fiolsHt Metiids APBEdrefinERRNEIES BNd GhiA%Id [ 00461
FIG 2 is a printout of a human cancer protein (SEQ ID NO 4) obtained by

sear chi ng a®pr'6i"éFh dat abase maintained by the National Center for

Bi ot echnol ogy Information (NCBI). 10 [0047] FIG 3 is a conversion table
illustrating a correspondence between nucleic acid base triplets and am no
aci ds. [ 0048rieEDEscdpilicn @f ghafhrawidqsstrating a rapid increase in the
concentration of Replikin patterns in a selected strain of Hemaggl utinin
prior to thiodsit br AlG. dfis b kpeersibBitabie Rhuénapisdaninoscidibo be@ABdddd 48 5 is a

table il rati . | f Repl i Ki tt hat .. h b
oone |1 b b el S R L DB SV B B0
6 i s a hi ghUhevelf Pofoshd dpplgpdabhenhistay @0RpaG).er systemincorporating a

system and nethod for identifying Replikin patterns in amno acid
sequences, [046laccdrittalcea wittubel scmvoat carrer plotdih 6SHR 4B &: 4)wheamtddon. 20
[0051] FIG ' [ - f AN r.at i,n neral method for

| ocating a b %%%F@P%agﬁ)tt% gr&na?%%na%gﬁéééaﬂﬁk‘ﬁgzﬁ’é@é Q?nﬁ’%n%l g%ln%é?oraccor ding to an
enbodi ment Bitechaolopy édemationg®aBilon. [0052] FIG 8 is a flow chart
illustrating a generalized nethod for locating a plurality of

Repl i kil | i l0@43iat t drifs3isma gonvetpien teblediiusinating agoirdsporalencs tetmgeno an 25

enbodi ment ﬂfcléi@Qcigrb%ég;ﬂfoplét@?éﬁ@tah% adif053] FIG 9 is a source code listing

contai ning a procedure r discovering Replikin patterns in a sequence of
am no aci dsyodd) acgeEdance wishh | f ; ohavention.
L0054] Fi G ST 7SR f abl egﬁpmstt%?gﬁg;g'g&éapﬁﬁéﬁé’s_r{ctg (BheaRttioh B ng in
subst ant i al R§plikBopatiexesdinanairstet stepiposiemnaagutinin arier tertlem putbraskalf flweg SEQ | D
NOS 5-9, 11gldFid%sidemifé- 47, 90-107, and 2 are disclosed respectively
fromtop to bottom.

15 [0049] FIG. 5 is a table illustrating selected examples of Replikin patterns that
have been found in various organisms (SEQ [D NOS 10, 18, 43, and 48-89).

{0050] FIG. 6 is a high-level block diagram of a computer system incorporating
a system and method for identifying Replikin patterns in amino acid sequences, in

accordance with an embodiment of the present invention.

20 [0051] FIG. 7 is a simple flow chart illustrating a general method for locating a
Replikin pattern in a sequence of amino acids, according to an embodiment of the

present invention.

[0052] FIG. 8 is a flow chart iflustrating a generalized method for locating a
plurality of Replikin-like patterns in a sequence of amino acids, according to an

25  embodiment of the present invention.

[0053] FIG. 9 is a source code listing containing a procedure for discovering
Replikin patterns in a sequence of amine acids, in accordance with an embodiment

of the present invention.

[0054] FIG. 10. is a table ilfustrating Replikin scaffolds occurring in substantially
30 fixed amino acid positions in different proteins (SEQ ID NOS 5-9, 11-17, 19-42, 44~
47, 90-107, and 2 are disclosed respectively from top to bottom).



8 [00551 FIG 11 is a sinplified block diagram of a conputer system
platform useful with the present invention. Detailed Description [00561
‘Enbodi nents of the present invention are directed to a systemand 5 net hod
for identifying and/or |ocating conplex patterns in an am no aci d sequence.
According to an aspect of the present invention, techniques are provided to
facilitate queries of protein databases. For protein descriptions received
in responseodse]theFmJeninesslnwmediblmemﬂ&gcﬁmbh&c@ﬂhﬁeen‘sydtmmﬁoﬁrﬂ may scan
the received ip[jO{l' SC”H‘P ions to identify and |ocate Replikin
patterns. AEEGHHY 'bhteoorﬁ?né H58di ment, a Replikin pattern is a sequence
of from7 to about 50 am no acids that include the follow ng three (3)
characteristics, each of which may be recognized by an enbodi ment of the

present i nv@&etdited Désioription sequence has at | east one |ysine residue
| ocated six to ten amno acid residues froma second |ysine residue;, (2)

t he sequencéigl atEinbadimeoisentiiies piedémtenveadonlaeg disntbd B)a gtstdreasd 6% of t he

am no 155 acidg, d(f'fo{ [&n ﬂy%lﬂg r o %tar\%&gﬂ&e{ ﬁgféé;rﬁgﬁw a0 r{?ﬁe{(cm%@ﬁ%%hé?@m of

the present 1nvention e a co acid
sequence ha%icqumg;j@ehfaise@btIOéﬁ@tmewmstveailmgecwquehafmmmh@ed fmcl udes any

combi nat | onkbB.LALI Sy BRATAEL CELSLES ol gl ksbuarhno act d

resi due | oca nor e osit1ons an 03| ns away from
a second antespoagd @ thegitehias, e(r@pdlmemta ofdhapiasentioiehti20 nn@smaiuéhtﬁ ocat ed

anywhere i nré&ﬁeﬁ??ﬂglﬂ%%scﬁdlgné@ldg tlfk ?aﬁﬁtlocgteoﬁé[?lﬁ(ﬂ{ ;F]éf fords. T Rlokding @M no

acid residue. ACC anot présent 1 nvention
may couHl o8gdembedicwnt, cﬁf Rewéﬂﬂ prdtern fsicesbauenem obiedrd 7§e@bent&aram gy report

the count eﬁwgg !ﬂgi ﬁlﬁ?%ﬁowﬁb%&%g (SFcHaPARTEL Léta%h‘éﬂmH%ﬁ rddy d@érercé@‘u?éd of the

nunber of d am no~aci d ‘sequences per am no acl
protein. StpPypn gmppﬁ@rrenzgf Eetsesant mvetfort b “ﬁﬁ‘ é%lﬁnciaﬁ@éﬁt feest afgy anal yze

the evol uti e@mefreé.@lf‘é*sbbétbsqax%mtapam%'a%.ér%g}a%egﬁonﬁé g&,rdaa Iyé%é’l%%!d@@ts of a

given protein over tinme, and may al so analyze larities an
di ffer ences(%é‘ﬁ@@h‘er‘ﬁ%h@%@‘é@a%ﬁm?(ﬂ@tﬁ'ﬂlﬂﬁlf@ﬁdwaﬁd (&b@fdea%@ﬁfu@fribé aﬁé’ﬂq erns

across g pl y5ad ity %qtﬁgr%:fag{r@ Eln@r% hdlS AVRerldnBodifisntds iRSMkte the

anal ysi s, yet anot e present invention may I entlfy
pot ent i al 30ventoRsnacidan¥ antier ealg SeorRien AeIa frid sepirege heginge preserved

over tinmne a%cﬁfé&@é?gth ebéét«%frﬁéltw%rpﬁﬁh%ndaae&w@ﬂﬁmat%n%fﬁm Fbli@\f.rm he

identified amno acid sequence patterns nutate
Enbodi nent schsFagtpistissdd eafirst ardin adm residue lpeatelé sore Biea N\p@ﬁt@f@r@déﬁ%% to

than M positions away from a second amino acid residue; (2) a third amino acid
20 residue located anywhere in the sequence; and (3) at least R percent of a fourth
amino acid residue. According to yet another embodiment, the present invention
may count occurrences of the identified amino acid sequences and may report the
counted occurrences, either as raw absoliute values or as ratios of the number of
identified amino acid sequences per N amino acids in the protein. Still another
25  embodiment of the present invention may analyze the evolution of identified amino
“acid sequence patterns in variants of a given protein over time, and may also
analyze the similarities and differences between instances of identified amino acid
sequence patierns across a plurality of different proteins over time. As a result of
the analysis, yet another embodiment of the present invention may identify potential
30 amino acid scaffolding structures that appear to be preserved over time and across
different proteins, as component elements of the identified amino acid sequence

patterns mutate and/or evolve.

[0057] Embodiments of the present invention will be described with reference to

the accompanying drawings, wherein like paris are designated by like reference



t he acconpanying draw ngs, wherein |like parts are designated by |ike
reference 9 nuneral s throughout, and wherein the leftnost digit of each
tTeference nunber refers to the drawi ng nunber of the figure in which the
referenced part first appears. [0058] FIG 6 is a high-level block diagram
of a conputer systemincorporating a systemand nethod for identifying
Replikin patterns in amno acid sequences, in 5 accordance with an

errbtlzdi ment mgnielﬂﬁo smresth,iammamdr@ﬂ.thq%ftﬁi@QMgit Bf &cﬁre@aenc@oﬂmﬁeu er

wor kst ati on e a conputer haying.a processqr and a menor

Cont  gur ed| (OB RS RAPEHGY (e GEaHERTER Gt At HE FReFS scan

protein de iLptio for selected am no acid patterns. To acconpl.ish these

Punct i ons. - YsaBLt oP Rk at i BHORAG IS0 Pt SHE AT AN AP RNl d

resear ch syst®michlabd et fohidamfying CRIpYien pagémt @t &S doldddvg@ences, in

user/researcher .to conduct protein earchi ng and am nq aci.d ni ng

oper at i oﬁs. FIHEY IRt g QW%B,&‘B'@&? %ﬁ?,presﬁr’"&g‘é?'ﬁ'oan?‘sa%‘)w& “agfcgaé"]esearch

system 630 wmayplier Woestativalatdenanbaa casipdier S8UHEAGRoGZANNETd HdRnichat scans

and searches r tricgved ,%rot ei n _and am no, aci d. cl)rt%gnces Eor specific
RiPFetBE;

patterns of “BMHEELO REEMIGATERCRIPY RSP &S BRGIATRNPEOEIRY ani no

agi d resear dhs@iptibeiod 36icomy amnmaacpagemw Wba@ebm?wéh thedeetuhatems620 to )
obtain protein sequences. and,.am no _aci equences framresources on networ

000w en e R Rl Rl AR ERe 0PI 4 PP S R B o me 4

resear ch0 sgs0emiG3thayaycadat iabtinudibos Gbm 5 espieeaesciant amduot @eieth sequences

froma | ocal ﬁ.ot el Q dat abaﬁe 650. | n additi,on rotein and,.ani,no acid

research syg?ae ‘536" (ﬁ‘%@/a% P%”W'Tﬂ%@eé'? orgse(ftj:gﬂr d9 Qi ea{ﬁl?%m%ti d
sequences dpratein lapd fanome atitl essdanghudysteme 888 maydatthearsndiedgoamaind aicidput . Prot ei n
and am no agj d. r rch em 630 may _al.so communi cat.e W.th.network
Mterface 696 e SaHTRr PUPME-PE Saerli RR RRRTRT boRT o bR ED,
Scanni ng f oseRepkekion sPedifiepatznbof 408 Jacidsbiadiudig tReptkin phéenps e Peritin
i nventi ' ude raljze met hod and stem for identifyjlng
conpl extpat o A4t FosBaRT Suefitan Bk ABPufhlbat Rf Mk bisflaos o2b
definiti on todenainforetdincreqseha@stand doyinp moideiequameksdrannesacicds basetvark
syst em 630, e i r dients of the in tion. ch for
2 vart ety SRRV B BE R M R B! ol R Bl B e a1 or
of am no 30s¥térd $30 ey @riais endteinrsegnénaes pricanide scd segtidrosfiom adeat i f yi ng
nucl eot i de 1 Ld s es at .include a.Replikin t n. FIG 7
is a sinpl e&htegrvchc g?%%lg?'l ﬁgﬂ%ﬁgé{éph%rtogefégﬁ%?amonae Klilfl)%(f °f E)Crl'ﬁ SIyts)tcl%a %5;1({; a
Repl i ki3 painggohtdimpatse gagreneed Bndaimim acid sequences directly from other input

means, such as keyboard input. Protein and amino acid research system 630 may

also communicate with network interface 620 to transmit results to other computers

on nefwork 660,

Scanning for Replikin Patterns

25 [0059] Embodiments of the present invention may include a generalized
method and system for identifying complex patterns of amino acids within proteins.
For any protein definition identified or selected by protein and amino acid research
system 630, the user may direct embodiments of the invention to search for a
variety of complex patterns of amino acids. As an example of one pattern of amino

30  acids, the present invention provides a method for identifying nucleotide or amino
acid sequences that inciude a Replikin pattern. FIG. 7 is a simple flow chart
illustrating a general method for locating a Replikin pattern in a sequence of amino
acids, according to an embodiment of the present invention. The method 700 may
begin after a sequence of amino acids has been obtained. Typically, the sequence

35  of amino acids may be represented by alphabetic characters according to the code

10



acids, according to an enbodi nrent of the present invention. The nmethod 700
may begin after a sequence of am no aci ds has been obtained. Typically,
the sequence 35 of amino acids may be represented by al phabetic characters
according to the code 10 supplied in FIG 1. However, other encodings are
envi sioned by the present invention as well. [00601 Referring to FIG 7,
once a sequence of am no acids has been obtained, the sequence is searched

for a Replikippiieatn er@ 1 71&)everithét SREBNGS B8R ehBisHdISHAHEPERehOr StTing)
of am no acids that i nﬁ:l udes the follow ng characteristics: [0061] (1) the

string cont 4VAEUT 9!t 0 about 50 amino acids; [0062] (2) the string
contains at | east one |ysin esidue located 6 to 10 . sitions froma
second Tyei i00esi dieerB0BSIC B ERe Boneig Loty REUhas hedt Syaasd.

Ihi stidi ne _rgﬂﬁsthq@éagcgdﬂb@seé&tihb@@cﬁ"a]Ré;ﬂﬂ&irléwte&i(ﬂmg vt c_adrﬁy?isatsgl east 6%h ]
ysi ne rgsidues. ce a strin am no aci i s und to_match the
Rop! 1 ki 1 pabHSERUETSR(oF STRG LY vy BEGs Qe eea ¢ ey Radnemstsy Sics

accordi ngly 066] i ven sequence am no.aci ds may contain many
subsequencegoogﬁ st(ﬁffH%sSt?%Yorﬂ%lF%ﬁoT%toﬁgﬁW ?@ﬁmﬂﬁi‘%‘#. Addi tionally,
Repli kin pa ns overl a 15 each other. Thus, to |l o e,and identify
AT possi bl IOBIpI | KEhRainst sroiaine 8 Gad GER DG A RIRFER S Mot hod 700 may
be i nvoked pbstiatsifueh y skosneigsihe sedideguence of ami no aci ds cont ai ned
within the original sequence of am no acids. [0067] Wen nmethod 700 is

i nvoked it efoasilvel y(3i thel stdmt ¢dnjaiandt lkatane hidtidineassiibé;eandRepl i ki n patterns
in an am no acid sequence, an enbodi nent of the present 20 invention may
count tHe niead4r of(4j tsudtingepnRend aldeast G&t tysinasesidudrepl i ki n count may be

reported as an absol ute nunber. Additionally, enbodinments of the invention
may al so delt@6di ne @Gnaeaa sloingof ammomoidses fafmdRe phdtit the RemiikiN patterothgci ds i n

th ; : i t 1 t hat i tei
cont ai ns. 8 Fag By OB e B e i o aci do. Replikin ratios
have been 2Bostjonn D¥ivbA38y e s SHART I A0t A ASIH0hagieaby oy dence

to correlate direct erate en protei'n replicates. Rapid

repl i cat i onstingspihet eiateh thefReplien pattérndifdditivoalyoRedilde patternsomayexanmgn e, the
pr esencig; of | at i v i i . i:Ki ;

correl alt% ed %&{)&e%%'é 'eﬁ%’gm&g Q?thl?a héeoﬁjiegpfygﬁ %%Fgﬂegh @@%Eﬁégg;@ggg%%ﬁﬂ?%cg count
of Repl i ki nefpatine eaids ohstdod d80imayabeingeksdrtenatveiv foreaghesubapgeer®d dbe an

i ndi cat i on ghinb Yl ot ARARGHIRRIRES M L0G.ENCG R EHMJ 445 whi ch the protein

{0067] When method 700 is invoked iteratively to identify and locate all possible
Replikin patterns in an amino acid sequence, an embodiment of the present

20 invention may count the number of resulting Replikin patterns. A Replikin count
may be reported as an absolute number. Additionally, embodiments of the
invention may also determine a ratio of the number of Replikins per N amino acids
in the sequence. For example, an embodiment may determine that a given protein
contains a ratio of 6 Replikins for every 100 amino acids. Replikin ratios have been

25  shown by laboratory experiment and by epidemiological evidence to correlate
directly to the rate that a given protein replicates. Rapid replication of proteins may
be an indication of disease. For example, the presence of relatively high ratios of
Replikin patterns has been correlated to epidemics of influenza. Similarly, an
increase in the count of Replikin patterns observed in a protein over time may also

30 be an indication of future disease caused by the organism from which the protein
was obtained (see, e.g., FIG. 4). Thus, the ability to detect and count Replikin
patterns within sequences of amino acids is a significant advantage of the present

invention.
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was obtained (see, e.g., FIG 4). Thus, the ability to detect and count
Replikin patterns within sequences of amno acids is a significant
advant age of the present invention. 11 [0068] Still referring to FIG 7,
enbodi ments of the present invention may utilize nethod 700 to identify
and | ocate other conplex patterns of am no acids, which exhibit
characteristics simlar to Replikin patterns. That is, although sone

enbodi ment s jgesf he priie&eHing BVAGE 7 08mBBYmeRRUrfiYe sﬁé@@ﬁt iMRIUES nfag utiliZeL)
di stances 5 between anino_aci ds, (2) acceptable |engths of recognized anino

aci d sequen&¥dhod 5991*0(@?”Wh@“%@%@rﬂ”ﬁéoﬁw%‘dﬁé@msr e 3¢S yeYsH i ¢ ani no

aci ds, thes @xl‘ﬁ?ﬁiﬂ@ﬁar\é&lelolﬁﬁ:s SiFBar b REp#eh sextﬂirﬁ@ Sekhtas mabuAiRse Thus a
r esear cher enbodi ment of present invention to identify

sequences oﬁ”é’ﬁﬁm?“é%?fd@e PrESgNL ipyesttien ﬁnqmsaétecﬁh%aqt MalueDIard figtances

charact ef i sbefsen Hhib®8633, (ELicdcBRILREBHERS 8 LRBYRLAP ah BN dyubAcdsTBX
am no aci ds; % 070] (2) t he sequence contains at | east one |ysine residue

| ocated kni AN “R?rﬁ%cﬁﬁﬁa%Oéé?flfeﬂ@gﬁ‘%sSPﬁF'B‘Prﬁﬁ"@e@fdﬁﬁdtﬂ%%leﬁédr"é@ieaue

[0071] (3) mwmae@@e%eta@masaabslm@éa@é&amh%w@y%m@ﬁérdue and
[0072] (4) t uence contains at |east kpercent |ysine residues. 15

se
[0073] FIG e@%Pgi " Pote Fert invenrfionraidengiyasegupres af 28t hatitol 800 for

| ocating a pihelk @ldt hitv@theReRvikg Bndrbk@rig@kt erns in a given sequence of
am no acids, according to an enbodi ment of the present invention. The

met hod BP0 fpegsns ky) ltes sédurBc@ cdhthdb frohyshineo Frest Smoldtidshe gi ven sequence
(810). Then, the net hod 800 may determ ne whether a second |ysine residue

resi des wi t foiomojkmi qz; méﬁ@ueﬁe@bmt@ns ableabtend lv£i6é redideyiséaned kesigue (820).
Asindicate&llnF %? kmxggjqflnet limts on the distance
bet ween t he 'Pf’%{@?"rb?n%‘:%ée@ MP8] 8GR Hfusres Ie a typical Replikin

tt 6 and k h I
may be " variBiiioy 7 SRRl fiTEriet ot bR p SRR A e o m Lar

patterns. | ysi.ne residues that

P el pee 2@97230119083?6*1 E oot o iEs o AN e Mg A% erant v evor y

hlstldl a i de r max i_tion the first and
second ]l ysi @al{zﬂem (ﬁﬂésé SS%@ Cﬁ?/\Wé‘Hhﬁﬁé}Wﬁo%g asllzsdg?ﬁsg %/%(gj) OB‘OCSF”rﬂﬂ y and
| ocat e typlmiaﬂalzl?eqmlﬂelpislnnmae beMeTss ir argiven wedlenss wh binindoacide tactadiagtal  50.
For every hjistidi Wt hi.n posi ti he two
ysi e rwsi T eBpameb o B8 4ot nhENeRs Tt BT BoniBE Rl 80% Sl
construct tlhens hesiduest thee giwﬂgseﬁuwne 1 GaciTtemn dbe dedisod $0t mendetedeiset he
first lysi Nfhether a second lysine residue resides within kmin to kmax positions of the first
20 lysine residue (820). As indicated in FIG. 8, kmin and kmax define the limits on the
distance between the first and second lysine residues. For a typical Replikin
pattern, kmin wilt equal 6 and kmax will equal 10. However, these values may be

varied by a researcher interested in discovering other similar patterns.

[0074] Once method 800 has identified two lysine residues that are close

25 enough to each other (820), the method 800 may examine every histidine residue
that resides within rmax positions of both the first and second lysine residues (830).
When method 800 is employed to identify and locate typical Replikin patterns, rmax
will usually be set to equal 50. For every histidine residue that resides within rmax
positions of the two lysine residues identified in steps (810) and (820), method 800

30 will construct the shortest string of amino acid residues that includes the first lysine
residue, the second lysine residue, and the identified histidine residue (840). Then,
method 800 will determine whether the fength of that shortest string is within the
desired range ~ that is, whether it contains at least rmin amino acid residues and no

more than rmax amino acid residues (850). Finally, if the identified string of amino
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resi due, the second |ysine residue, and the identified histidine residue
(840). Then, nethod 800 will determ ne whether the |ength of that shortest
string is within the desired range - that is, whether it contains at |east
rmn amno acid residues and no nore than rmax am no acid residues (850).
Finally, if the identified string of amno 12 acids al so contains at |east
kpercent of |ysine residues (860), the string will be identified as

mat chi ng t hecidesisbedniaepl dthdaut kﬂ)é?eerﬁ&l)ﬂy%rnl@ re8d@s. (8500 1 st Wil beeferring to

FIG 8, it | rent that hod 800 may identif several Replikin-like
patterns frﬁirserpgip gm@t élr\%'ﬁ ﬁ?'?%j Fg%qq’ﬁngéﬁlﬁ’@ﬁ%@ (8¥Q‘Pi s may 5 happen
because net 800 xam n e, than one hjst|.di reS| ue..that resides
wi thin rmax[bg’ggl ti on r@qgetoqﬂgp % d%’ﬁtqpf’?régﬂ? h?L LUOF@ @5 th
identified sdmeséalthpmenmES ipetterne®pm & Binglengianadrmiaa aWdtsJethém:et Wnid ryisy ne

resi dues tch the desi ki n-1.ike tern 076] e odi nment
f "t he- bt hBGERA (Feevss B 4o e oo rtenen ke Iaiena g oS asilin BT o a

sour ce coderdsidesiwihircanbaiositiogs af w;reaweﬁhﬂr@fséwlyadeg@@dmrsi EpchlidenRegd i ki E
patterns pregs ven s ence of am no acids,..in ace nce with an
brbod ment. DrCdne GiBedhey aERPRaRh i BeS AR R ekt e BRn " & %9
i s programiegdredRepfikindikepptteted shel |l | anguage called "Tcl" and recogni zes

Replikins in a straightforward fashion. As known in the art, the "Tool
Command Langozgle” dPnelémbaodimept afitbe metiebd ittustletesl' y FiS. & is simpireini FiGed pr et ed

wni oh 135 B RER 8P IES S8 1P <6 Bidho aPer il o K RO tohasulh "
comuni cat i patierdapresendtin bghieni seqasmdeyofantnd heids arpadccddmezleorpmn of
gr aphi cal gfrﬁﬁodu%ﬁ{ cgf%f% Ereslagp Z\?elnél’élgt eﬁ:\ggrtn }glzﬁ ”%E:ecﬁﬂ"g Rbwh ﬁfﬁ%”'gﬂ ng

Replikin patterns are al So coveré Ve ngs of the present
i nventi on. [Fogragxeepinegn mMpMMebﬂa}@edgﬁ ealsdohnl” and r@b@nz@s Bepilkthsbe

I +.
adai 41 onal 19 2 SR 8RR, Ok LARGHBIRT pIAEE P TR B gor i
may i ddlti ﬂ;ﬁi {trenelreed iaig’ sisiacsmefe zateRBrpieidleicnpm@tIaﬂguaglerihamyasdtsd@Jt$ and
may al so é%\’e%ﬁ?z c%ﬂ{ﬁl?é%e{ﬁ ué“Bu‘P%hi%e' g a%%HSH&%%PStF\ﬁieei%‘{Rgtea%%ﬁ-es using

recursive tec ues ETRRYRAL G ni"ques pr ocessi ng
t echni ques,suiiey ﬂcdeeta/nd@ ccmmqweathreﬁhennqt:fasctmnahﬂy;and oindd ramact develdpheangof .

Protein Seq;fgt:héﬁ@| U&er[Qt%@iesRet“r ning to FIG 6, the present invention may
0

i nclude a se access and interact with amno acid and protein
dat abases, [gthper Aﬂgﬁnla'taye Rlettf¥E of recognizing Replikin patterns are also covered by
20  the teachings of the present invention. For example, the match procedure shown in
FIG. 9 could be implemented in other programming languages such as Java or C or
C++. Additionally, alternative embodiments of the Replikin recognizing algorithm
may identify the characteristics of a Replikin pattern in any order, and may alsc
traverse component amino acid sequences and subsequences using recursive
25  techniques, iterative techniques, parallel processing techniques, divide-and-

conquer techniques or any combination thereof.

Protein Search Engine

[0078] Returning to FIG. 6, the present invention may include a search engine

to access and interact with amino acid and protein databases, either locally or over
30 anetwork such as the Internet, to retrieve protein definitions. For example, protein

and amino acid research system 630 may accept protein search criteria from a

user, and may then access a plurality of on-line amino acid and protein database

search engines to retrieve protein definitions that match the supplied search criteria.

Protein database search criteria may comprise any text string that may form a valid
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30 a network such as the Internet, to retrieve protein definitions. For
exanpl e, protein and am no acid research system 630 nmay accept protein
search criteria froma user, and may then access a plurality of on-line
am no acid and protein database search engines to retrieve protein
definitions that match the supplied search criteria. Protein database
search criteria nmay conprise any text string that may forma valid 13

sear ch ter msbsircRnOh ahb@f @-dr-i RoeIrehriandho b %@a@ﬁle‘ﬂwgﬁﬁgr ghpieagi nes.
Typically, _these s criteria relate to text th ound in the
H{\;hét de

ot et SEar R Rt aghals B9t Bk s aiihd P PEiR L1085 user
suppl i ed t heasregiaehicqrbtery iFor eX amblbU¢mev9®pﬁed trenhediinenésa of the

present invention may forward this text strin to a Iurallt of | nt er net
protein and '3 eHéa&aed&’ssﬁgeﬂmﬁbw&e pr@é%"ﬁ Igen ‘g%&? ?‘ turn any

protein slesetingtd @@mrélwadln'temnétfpecbtéandaawainﬂﬁ@acaa @@ércﬁ@mgme@eébchfw whic®r ns
"influenza 'E%g A" %Bﬂg am no amgW g&uence scanner 640, each of the
returned pr WW@%WHBY ngigycrhdoRs nRSd el delrbasselbaheditareREsI i ki n
patterns. {eenaz%ﬂwxiattywl ebeghgenito &did E&RdPEE SeAYinel BY@ NHalcARf TRY

permt a user to 10 select. or de-select a plurality of ILnternet protein
search engi rebned arign digse! EPE‘PE%”’W E?E %@%@H@Wﬁtpé? eQCﬁHHRBPIB‘ﬂFbPﬁPer”éﬁ ri eval

bilit th [ ti f th | ect ed I
i1 sealafleno Adinal ubdRRen S o i et Myp o Sy RERRE T SRy Al vo
per i ]E 0 ussledtar aeesemt a plu@%iﬁ)lf ofh k@it rprcd@:h&ba&?a efh@g:eeranam? cm_ss:@rlalzyg a |
specific rotelin nltlon rec Xa e S.u Al ca
PPre 15 b St el b Bl et s vaPhp B e oo Bt R e o das e noun
in ][ he ar 'E chfgge ssfﬁgpgwnngfmmtammrcm ér@;r@fﬁpﬁr@@v@@rbbﬁl‘rﬁent&@ph}dﬂ nd t
An si s 0 ne S resen | oye no
oY To° | R R P B Pttt BROSS M il R AR B8 OB O o ct
Enbodi rrent ssum;ya aﬁbmaflmoﬂem disiedioh dirdetlye i ekaraple, ayladjgfﬁﬁngamdaaﬁiiati es in
t he st t tt i di f f t t
e S o Bl BB P30 SRS L P S PP oon,

tine. FIG ﬂ@plyfr@rpaeamﬂmrseto d¢enpautéradofiterard. | ustrating a Replikin "fixed
scaffol d" structure that was preserved in a "Bird Flu" influenza virus
over an 87 NeaL:.0elk from 1917 to 2004. Enbodi ments of the present

i nvention 25&%&? ass)%%ol e a nunber of discovered Replikin patterns in
proteins, i{pedopdi nEmieprhenks of patdredans indestbaveaebe empidet aot snipfo t he sane

B A B 8E e R W R BT BB ey
i dent i 20ed.aldhienushd ectiedvbyaral dreeersahieritie@m the structure of Replikin
patterns occurring in different proteins, or to analyze different Replikin patterns
occurring in the same protein over time. FIG. 10. for example, is a table illustrating
a Replikin “fixed scaffold” structure that was preserved in a “Bird Flu” influenza virus
over an 87 year period from 1917 {o 2004. Embodiments of the present invention
25  may assemble a number of discovered Replikin patterns in proteins, including
Replikin patterns discovered in variants of the same protein. Along with each
Replikin pattern, embodiments of the present invention may aiso associate a date
when each protein was first identified. When directed by a researcher, an
embodiment may sort and display a plurality of selected Replikin patterns according
30 to content, date or other criteria, in order to reveal substantially fixed amino acid
structures that have been preserved in Replikin patterns over time and which may
be present in different proteins as well as variants of the same protein. Further,
when directed by a researcher, an embodiment may employ known methods of
pattern analysis to compare a plurality of selected Replikin patterns in order to

35  identify such fixed amino acid structures automatically. As an example, in FIG. 10,
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enbodi ment may sort and display a plurality of selected Replikin patterns
according 30 to content, date or other criteria, in order to reveal
substantially fixed am no acid structures that have been preserved in
Replikin patterns over time and which may be present in different proteins
as well as variants of the same protein. Further, when directed by a
resear cher, an enbodi nent may enpl oy known net hods of pattern analysis to
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[ 00821 Enboﬁjlie%lfgc%ioﬁ)fof &fﬂgr Bétﬁ&%}sts -%t?c\ﬁe&t %gl%rig,ngrm)r%xiaﬁH%HaWBoxBﬁBé,iirk(i n
addition to enabling the development of therapies and vaccines that target Replikin
structures. Additional examples provided by the identification of Replikins include
the detection of infectious disease Replikins, cancer immune Replikins and

25  structural protein Replikins,

[0082] Embodiments of the present invention enable important Replikin
patterns of amino acids to be recognized, located and analyzed in manners that are
not found in the prior art. Using prior art capabilities, researchers have been limited
in by existing techniques for describing sequences of amino acids. Indeed,

30 limitations of the prior art have in some ways dampened research in this field, since
heretofore it has not been possibie to specify sequences of amino acids that
comprise non-linear attributes. Until the development of the methods and
embodiments of the present invention, descriptions of amino acid sequences were
limited to linear sequences containing, at most, repetitive substrings and logical

35  constraints on substring content. Embodiments of the present invention enable a
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patterns of am no acids to be recogni zed, |ocated and anal yzed i n manners
that are not found in the prior art. Using prior art capabilities,
researchers have been Iimted in by existing techniques for describing
sequences of amino acids. Indeed, 30 limtations of the prior art have in
sonme ways danpened research in this field, since heretofore it has not
been possible to specify sequences of am no acids that conprise non-Ilinear
attributes. nemtddsstdianteyadio pegrdnce$ td hedigeseests i@atkd @mcﬁtmﬂmmgf t he
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i nstructions”st iy subsystem
1110 may i nekyde a@M@fntemﬂusrtamr@meomulttpb)rpremasor&a(hohﬁmv irciheqiattosm
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FIG 11, the rrerm ste i ncl nenories ndom
access rrerm$tib§sstQIIG’O11é?nJhbuhmsmﬂt@gﬁstemzﬁO10m‘mmngiudsab$y@hbinatldnl@‘ not only

stores progL ht'fb%ta{ M%Howtélh({u?tg ﬁé{ﬁ&bg%%chl}%: Lg'ﬁl%tfﬁ Foggrg%rgggscri bed

herein but a s on Whi oper at e.
Net wor k24 nt%&ﬁfemﬁe é@ﬁwm ierhIG1 70, thaynqmm@ylsdﬁemrmammhﬂacread only

memories 1120, random access memories 1130 and bulk storage 1140. Memory
subsystem 1110 not only stores program instructions representing the various
methods described herein but also may store the data items on which these
methods operate. Network interface subsystem 1170 may provide an interface to
25  outside networks, including an interface to communications network 1190
comprising, for example, the Internet. 1/O unit 1180 would permit communication

with external devices, which are not shown.

[o084] Several embodiments of the present invention are specifically ilustrated
and described herein. However, it will be appreciated that modifications and

30 variations of the present invention are covered by the teachings of the present
invention without departing from the spirit and intended scope of the invention.
Additionally, the teachings of the present invention may be adaptable to other
sequence-recognizing problems that have heretofore been addressed using
sequential linear analyses limited to the identification of specific sequences of

35 component elements.
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25 outside networks, including an interface to conmunications network 1190
conprising, for exanple, the Internet. 1/Ounit 1180 would permt

comuni cation wth external devices, which are not shown. [0084] Several
enbodi ments of the present invention are specifically illustrated and
descri bed herein. However, it will be appreciated that nodifications and 30
vari ati esent invention are covered by the teachings of the
prese t%%thout departl ng fromthe spirit and intended scope of
the invention. Additionally, the teachings of the present invention may be
adapt able t o AJh#fdYne- f%%‘éﬁ%‘@%“'l“@é@é‘ﬁ?f“’f@ 'g?@BFéﬁ?“f%?ﬁ'”ﬁ%Eo’}?éP@t of ore been
addr ess @ghen ekeitedSGOLIDLEsabr, chiteahe paL3LELD rbédlinlz@@ daltednl® amtieddds cat i on

of speC|f| c.Sequences of 35 component elenments. 16 What is clainmed is: 1.
A machi nngr'S’ogabl e medi um havi ng stored thereon executable instructions
that when eksslinged ldept appr odegsonno aidissidubewiiios essistermped écbgni ze a
pattern %ﬁan%@bf‘@acﬂ%t@?m arF ORBRELS send LA iPadd rds@sd; @ pair of first

am no a residues wthin a predetermned first distance of each other in
an encoded sEGRENESSEPRARTHG a&@lrﬁs’?‘éﬁ‘s‘l"mg predstespinge) secogd disrcanf no acid

resi dueem';r{dﬁbmbarqsumgi;aﬁmgﬂad,m%mnds;du@g ance of each nenber of the pair
of first am no. e ent | strin resi dues,
Qi 0 string Renlhen Kb it Rino S Sfbqider Shid g afating B AT o he

second ammcabrledduwrdiuw selmnelamlnﬂawgirphleuger centage of first am no acid
residues in B&gmﬁlt’nﬁ%ﬂﬁpem age®F AR D Golesidilek G afidghgpat tern of ami no

acids if the percenta |rs amno acid residues 1n the string is at
| east a pred@%’?ﬁ'%@eﬁméﬁﬁ%@aﬁeﬂ‘ of iR AtidT the peEasr@omebiraiArHaY | ng

stored hhigr@aneeketdbabl @& atnedst 8 ptddoremhbaperceiege execut ed by a processor,
cause the processor to recognize a pattern of amno acids, conprising:

| ocating a sriginghe ﬁigb@%@o‘? fi$ia g#Qb%d‘iﬁer@&?&%eﬂtﬁﬁl%%s%g{b%@%a?” of a

sequence of ‘amno acid resi dues Ining a t he I'ng conform ng
to a reyhemexesyigd &g girserestorctaude iy riecdseRrde r%mﬂwas@ vatemof amind 2888 a second
am no aghfprisiigscarding the string of amino acids as not conformng to the
pattern Wnen the distance between a alr of currences of the s?cond

oc
anmino aci d i 'AC3RE AR AMDORFS RN gricpded ISPEFRTETMN HEPPUHYE

amino acid residues defining a protein, the sfring conforming to a regular expression
including at least a first amino acid and a second amino acid;

discarding the string of amino acids as hot conforming to the pattern when the
distance befween a pair of occurrences of the second amino acid in the string is outside a
first predetermined range;

discarding the string of amino acids as not conforming to the pattern when the
distance between an occurrence of the first amino acid and an occurrence of the second
amino acid is outside a second predetermined range; and

recognizing the string as the pattern of amino acids if the percentage of second

amino acids in the string is at least a predetermined percentage.

3. A machine-readable medium having stored thereon executable instructions that
when executed by a processor, cause the processor to recognize a scaffolding structure of
amino acids, comprising:

assembling a list of Replikin patierns occurring in a plurality of proteins; and
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di scarding the string of _.amno acids as not conformng to the pattern when
the distance between an occurrence of the first am no acid and an
occurrence of the second anmno acid is outside a second predeterm ned
range; and recognizing the string as the pattern of amno acids if the
percentage of second amno acids in the string is at |east a predeterm ned
percentage. 3. A machi ne-readabl e nedi um having stored thereon executabl e

i nstructi ons thtehtifyim@ﬁm seatadib@strirgura ap b patas of substntalytiived pmpoessior t o

recogni ze . fcalnfiﬂd}g o8t KE C;Sfﬂfn%a%m u‘?‘{ﬁerh ' r8|§ eady ﬁ%?fﬁéft?‘l en%ﬂem%? %rmtl Ing a

l'i st of Repl erns occurring in Ity O
identifyi rlﬁg"eth@éMfaaMhmgcmm@uwe as a patter n of substantially fixed

am no acid reaétehlﬁﬁm@%whéa ms{ z?s.ﬁ@%.dﬁgpégldésmtﬁﬁtat@rm aoau&rta;efrdna gt wherein
each Replikin pattern.in th Is recognized by a method conprising:

det er m ni AGFARASSHEregdYs ‘P@tS”P%“ﬁ%CBr‘EWLFan‘b@F"HB%S within 6 to 10 positions

froma SeCOﬂd:beSdéiﬁfyir@Sd s?lmg 1Y 13 50 LBARGURBCMIRS adidid’RIuBSIndhs esi dues; i f
so, identi f onsec r‘tll Ve yes in the

ubsequendiesparie b hEp 8¢ addieccm S50 G BEPRRHRaeTFE Tt Tysine
resi due, st@ndgsrentsiiuesande higsimnduesidied a hi stidine residue; calculating a

per cent age of bASIfpLiRIaEDe by LRE SId DR epgon Zing the string as

a Replikin pattern i ce sine re ues is at least 6
percent. 4. Th@cﬂﬁéﬁnm@eﬁ%’%%lﬁ@ i Qﬂﬁ%‘ﬁ if thedrenseptaogivd YA residiepisdtal ity
of protei @asgm@rMS variants of the sane protein. 5. The nmachi ne-readabl e
medi um of cI al m 3 V\/nerel n the plurality of proteins includes different

protelns d of nt he AN cine a lLing a
ot Sof o 1 K1 AT et T R SRS s Bl B B8 BIRERS o
with a di sarasts-of fwsiamg roeigani sm identifying a scaffol ding structure of

am no acids as a pattern of substantially fixed amno acid residues

occurringsin epemiBgid khdatRahb@lM df Blalhe, WHebdin tHegl@akt) BOprelefii®iigiesf the
scaf f ol di nﬁ structure, wherein said elenents are conserved over tine and

wherei n sYACRRENEREs are represented in a current variant of the protein:
and synthesizing a vaccine based on the selected el enents, wherein each
Repl i ki n fat t ek methedoheynthesizings: vasciogmomgdsibyg a net hod corrpri si ng:

assembling a list of Replikin patterns occurring in variants of a protein associated
with a disease-causing organism; '

identifying a scaffolding structure of amino acids as a pattern of substantially fixed
amino acid residues occurring in each Replikin pattern in the list;

selecting elements of the scaffolding structure, whearein said elements are conserved
over time and wherein said elements are represented in a current variant of the protein; and

synthesizing a vaccine based on the selected elements,

wherein each Replikin pattern in the list is recognized by a method comprising:

determining whether a first lysine residue resides within 8 fo 10 positions from a
second lysine residue in a subsequence of aming acid residues;

if so, identifying a string of 7 to 50 consecutive amino acid residueas in the
subsequence of amino acid residues, said string containing the first lysine residue, the
second lysine residue and a histidine residue;

calculating a percentage of lysine residues in the string; and

recognizing the stting as a Replikin pattern if the percentage of lysine residues is at

least 8 parcent.
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determ ni.ng whether a first lysine residue resides within 6 to 10 positions
froma second lysine residue in a subsequence of amno acid residues; if
so, identifying a string of 7 to 50 consecutive anino acid residues in the
subsequence of am no acid residues, said string containing the first |ysine
residue, the second |ysine residue and a histidine residue; calculating a
percentage of lysine residues in the string; and recogni zing the string as
a Repli Ki.n pdht erathddfof claen pewireein Mitredisfaskypsiigieg erganigdsinfidenga. | east 6
percent. 18 7. The method of claim®6, wherein the di sease-causing organi sm

is inflyenzaThg malshmem@&iab@enédaﬂﬁlabé:gnfmdwmncsfa.dcdaﬁiamot awae:im fedtied
pattern of amno a,CI Ses, a res first famno

f
aci d at GREPErHCAILe Bff aécgftrﬁt Eg!gip? ﬁ‘a éhﬂ‘eatewglﬂ%ﬂéc‘agf&m@aﬁng % P9¢e i no aci d
or a resatdifestamigeddt secesiduant sad seiodd atirbheidadt fher otbarteimus diaidai d
string. 9 gThe machi ne-r eadabl e medi um of claim 3 wherein each Replikin
pattern |n the list is recognized by said nethod further conpri si ng
identifying a |ysine resjidue at one termnus of said string and a lysin

resi due %r hit8e FEHeereadhbigaredium A RbVheraln rrAY Bedikingatigmep ts5t 10. The

met hod @éco@mé@eﬁma ﬁf@ﬂ@d\f@tﬂ@k a@n@is;rqd identfing Ipsine restiietht eacterRaps bki n
pattern _in. sai s reco hod_f.urt i sing

i denti fﬁf’ﬁgs“g'gl?glar%m eerff"gﬂ%o IStlonnée regg‘fen? tﬂﬁesmtg tgg?aﬁ S{;kesialr(lj;sqa d a lysine
residue or histidine residue at the other termnus of said string. 11. A
vacci ne 18y nt fbe methgdis) syrifeespingodcene ghylaigh@ wherelp) sgidfach Repligh pattem 2. The

machi ney @ﬁ(ﬂjﬁ?&?k&e%ﬂ!z@ﬂb?%a@Wetiﬁﬁlﬁuﬂﬁer%&ipﬂ’ﬁn%l:db@hfﬁng ﬁ%&fe&@&tdjlﬁal 4t\6nas
herein described with r ﬂgfrence g%w n 0

es .and/.or. .Fi gures
210 11 tRE G 5 Sha Al PRt G A B e I SR L PR s 1 o
5, 8 ors@ingsubstantially as herein described. 14. The method of claim6,
substantially as herein described with reference to any one of the

Exanpl eg1andh%oﬁegwn&%s&e& By éhl; nﬁélﬁa@&fany%ﬁe of QIim¥RY I?Naeh@f any one of
cl ai s 7 or substantially as herein described. 19

12. The machine-readable medium of any one of claims 1 to 3, substantially as herein

described with reference to any one of the Examples and/or Figures 4 to 11 thereof.

13. The machine-readable medium of any one of claims 1 to 5, 8 or 9, substantially as

herein described.

14. The method of claim 6, substantially as herein described with reference to any one of

the Examples and/or Figures 4 to 11 thereof.

15. The method of any one of claims 6, 7 or 10, substantialfly as herein described.
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