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REPL!KJN PEPTIDES AND USES Tl-JEREOF 

[0001] Replildns are a newly discov\lred class of peptides tbat share structural 

5 diarncterist:ics. Rcplikins have been found in vin1scs, bacteria, fungus, cancer 

associatwl proteins, plants and unicellular parasites and their use as targets in the 

devclopn-icnt of methods of treating or preventing diseases. Replikins are usefril in 

the ddcction of these disenses. Also this invention relates to the use of Rcplikins to 

stimulate growth of plants used tor food. 

10 

[0002] Rapid replication is characteristic of vinilenco in cortain bacteria, 

viruses and malignancies, but no chemistry common l:o rapid replicntion in diffore-nt 

organisms has been dcscribocl previously. This application describes a new class of 

protein stn1cturos related to rapid replication which tfa, applicants have discovered. 

15 This new family of conserved small proteins related to nipid rcplieation, narncd 

Replikins, can be used to predict and control rapid replication in multiple organisms 

and diseases and to induce ntpid replication in plant and ani1m1l lifo. 

10003] We constructed an algorithm to search for Rcplikins. ln applying the 

20 algorithm not only was tho function of the epitope revealed ~ rapid replication, but 

an entire family or homologucs whose fonction is related lo rapid replication was 

cliscovcrecl, which we nmned Replikins. 

[0004] The nlgorithm is based on the following: 1) Evidence that the imm.une 

25 system looks to pnrts rnt!W." t!ntn a whole protein in recognition. Protein chains arc 

first bydrolyzed by the immune system into smaller pieces, frequently six (6) to ten 

(JO) amino acids long, as part of the immune systems' process of recognition of 

foreign structures awiinst which it may mount an immune defom:c. By way of 

example, the immune system recognizes the presence of disease by chopping up 

30 proteins of the disease agent into smaller peptide sequences and reading them. This 

principle is used as a basis for the algorithm with which to search for homologues of 

the malignin cancer cpitope, once the structure of the cpitopc was known; 2) The 

specific structure of the malignin epitope, in which two of the three lysincs (K's) are 

eight residues apart is in accordance with the apparent 'rules' used by the immune 
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syst01n for recognition referred to above (6-10 amino acids long); 3) The fact tb~1t 

the rnalignin cancer cpitope was shown to be a very strong antigen, that is ·-· u 

generator of a strong immune response; that there are three Jysincs (K's) in the 10-

mer peptide gliorna Rcplikin and that K's are known to bind frequently to DNA and 

5 RNA, potential targets for the entry of viruses; and 4) One histidine (I-I) is included 

in the sequence of the m01lignin cpitope, between the two K's which are eight (8) 

residues apart, suggesting a connection to the m.etals of redox systcrns which arc 

required to provide tho energy for replication. 

10 [0005) Engineered enzymes and catJ.lytic antibodies, posscssmg tailon;d 

binding pockets with <lppropriately positioned functional groups have been 

s~1ceessful in catalyzing a m11nbcr of chemical transformations, sometimes with 

impressive efficiencies. Jttst as two or more separate proteins with specific and 

quite different fi.mctions arc now ofren recognized to be synthesized together by 

15 organisms, and then separately ck.aved to 'go about their separate' f:i.inctions', so the 

.Replikin structure is a unique protein with a unique function l/H1( appears to bo 

recognized sep1u·i1tcly by the imnmnc system and mi1y be now rati.onally cngineered­

e.g. synthesized to produce a functional unit. 

20 (0006] From <l prokomic point of view, this template based on the newly 

determined glioma peptide sequence has led to the discovery of a wide class of 

proteins with related conserved structures and a particular fonction, in this case 

replication. Examples of tho increase in Replikin concentration with virulonce of a 

disease appear in diseases including, influenza, HlV, caneer and tom.ato leaf curl 

25 vims. This class of structures is related to the phenomenon of rapid replication in 

organisms as diverse as ycnsl, algae, plants, the gernini curl leaf tomato virus, HJV 

and cancer. 

(0007] In i1dclition to detecting tll<'J presence of Rep Ji kins in rapidly replicating 

30 org<unsms, we found that 1) Rcplikin eoncontration (number o 1· Rcplikins per l 00 

amino acids) and 2) Roplikin compositions in specific functional states dependant on 

rapid replication, provide the basis for the finding that. Replikins arc related 

quantitntivoly as well as qualitatively to the rate of replication of the organism in 
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which tbey reside. Examples of these f.\Jnctfonal proofs .include the relationship 

found between rapid replication and virulence in glioblastorna cells, between 

Replikins in influenza virus and the prediction of influenza pandemics nnd 

()/)idemics, <Jnd the relationship between Replikih cnncontration and rapid replic<tlion 

5 in HIV. 

f0008] The first functional basis for Replikins' role in rapid replication was 

found in the properties of the glioma Replikin, a I OKD peptide called Malignin in 

brain glioblastoma multiforme (glioma) - a 250KD cell protein. Antimalignin 

10 antibody increased in concentration in serum (AMAS), moasurod by an e;1rly stage 

diagnostic test for cmwer now used for m.ost or all cell types. TV.falignin was so 

named because in tissu<' culture the expression of this peptide and ils concentration 

per milligram membrane protein extractable increased with increased rate of cell 

division per unit time. Not only is there an increase in the amount of 1m1lignin in 

rs proportion to the cell number increase but the amount ofmalignin is enriched, that is 

- increased ten fold whereas the cell number increased only five fold. 

[0009) The structure of malignin protein was determined through hydrolysis 

and mass spectrometry which reve<tled whl1.t proved to be a novel 16 mer peptide 

20 sequence. We searched for tho I 6 mer peptide sequence whkh we have named a 

Glionia Replikin protein in databases for the healthy hu1mm genome and found th,tl 

it was not present in these databases. 

[0010] As such, the fixed requirement algorithrn was used to search in other 

25 orgarnsms for the Gliormt Rcplildn protein or homologucs thereof. Over 4,000 

protein sequences in the "Pub Med" database were searched and homologucs wen: 

found in viruses and plant fi)Ims specifically assodated with rapid rqilication. 

f-fomol()gues of such Replikin proteins occurred frequently in proteins called 

'replicating proteins' by their investigators. 

30 

[0011] lfomologues of the Rcplikin sequence were found in all tumor viruses 

(that is viruses that cause cancer), nnd in 'replicating proteins' of algae, plants, 

l.\Jngi, viruses and bacteria. 

3 
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100121 That malignin is enriched te1Ffokl compared to the five-fold increase in 

cell number and membrane protein concentration in rapid replication of glioma ce!ls 

suggests an integral relation~hip of tlie Rcplikins to replication. When the glioma 

5 rcplikin was synthesized in vitro and administered <IS a synthetic vaccine to rabbits, 

abundant antimalignin antibody was producc;;cl " establishing iigourously the 

<lllligenic basis of the antinwlignin antibody in serum (AMAS) lest, and providing 

the first potential synthetic cancer vaccine and the prototype for Replikin vaccines in 

other organisms. 

10 

10013] The demonstration of tho relationship of the Replikins to re.plication 

and the natural inumme response to cancer Rcplikins (overriding cell type) based 

upon the shared specificity of cancer Replikins, permits passive augrnentation of 

immunity with antinrnlignin <lntibody and active augmentation with synthetic 

15 Rcplikin vaccines. 

(0014] A stti.dy of 8,090 serum specimens from cancer patients and controls 

has demonstrated that the concentration of antimalignin antibody incmases with age 

in healthy individuals, as the incidence of cancer in the population incronses, and 

20 increases forthcr two to three-fold in early malignancy, regardless of cell type. Jn 

vitro this antibody is cytotoxic to c;mcer cells at picogrnms (femlomoles) per cancer 

cell, and in vivo the concentration of antimalignin antibody relates quantit<ltively to 

the survival of cancer patients. As shown in glioma cells, the slnge in cancer at 

which coils only have been trarndonned to the immortal malignant state but re1m1in 

2S quiescent or dormant, now can be distinguished from the more nctive lifo­

threi1kning replicating slate which is clmracterizcd by the increased concentration of 

Roplikins. In addition, clues to the vi nil pathogenesis of cancer may be found in the 

fact that glioma glycoprotein I OB has a 50% reduction in carbohydrate residues 

when compared to the normal lOB. This 1wluction is associated with virus entry in 

30 other instances nnd so may be evidence of the <llfachrncnt of virus for the delivery of 

virus Replikins to the 1 OB of glial cells as a step in the transformation to the 

malignant state. 

4 
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(0015] The slmring of inm1unological specificity by diverse members of the 

class, as demonstrated with antimalignin antibody for the glioma and rebtcd cancer 

Roplikins, suggests that B cells and their product antibodies may rccogni7.e 

RcpJikins by menns of a similar recognition 'langnag(''. \Vith the discovery of the 

5 Rcplikins, this shared immunological specificity may explain what was previously 

difficult to underst(lnd: why the antimalignin antibcidy is eJGvated in all <;ancers, and 

is cytotoxic to cancer coJJs n.nd reh1ted to survival of cancer paticnts in most or all 

cell types. Thus antimalignin antibody is produced against cancer Replikins, which 

share immunological specificity and which arc related to the phenomenon of rapid 

10 replication, not to cell type. 

[0016] The recognition ()f the cancer Replikins, whether those in virnses 

known to cause cancer, or those in transforming proteins; or those isol!!led in cancer 

cell proteins (see Table 2, sections on cancer Rcplikins) is sufficiently gcnernl that 

15 the antirnalignin antibody in serum test (AMAS Test) is an dfoctive gc1wral cancer 

test Yet there is sufficient individuality and difference in the fin<:> slmeturc (primary 

amino acid seqnonce) of each of the cancer replikins that they can \J(, assayed 

specifically in tissues and in fluids by diagnostic methods common in the art .. such 

as mass spectrom.dry. Once the pitrticul:1r Repiikin i.s identified in the scquc,nces of 

20 th<:> cancer proteins by the methods discovered and described here, the Replikin is 

synthesized and acts us a standard for assays of tissues and fluids for the s;1me 

structure. For example, the definitive and highly specific mass spectrometry arn1lysis 

for one such cancer protein, the first definod cancer cell Replikin, the Glioma 

Rcplikin 'kagvaflhkk', is shown in Table J. This specific me<tsuremcnt of the 

25 cancer Replikins permits the diagnostic specification of the tissue or organ type 

;1ffoctcd by the cancer and its spccifc tre<1t1m,nt. Thus, for example, tho Glioma 

Rcplikin occurs only in glioblastoma multiforme, a malignant brain tumor, one of 

the most malignant of all turnors with a mortality of over 90%, for which no 

effective treatment is available. If its Glioma Rcplikin is measured in serum, the 

30 presence of brain tnalign:mcy is detected. His also now possible to target the Glioma 

Replikin specifically with chemical, radiologicnl and other treatments. The same 

novel c!iitgnostic and therapeutic methods are now available for ovarian cancer 

Replikin and the other cancer Replikins as listed, by example, only in Table 2. 

5 
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[00171 A second functional basis for the Rop!ikins' role in rapid replici1lion is 

the study of data from the past 100 years on influenza virus hcrnagglutinin protein 

sequ<;,nces and epidemiology of influenza cpilkmics and p<lndemics. To date, only 

5 serological hemagglutinin <111.d antibody clllssification, but no strain-spedfic 

conserved peptide ~oquonccs have previously been described in influem.a, und no 

changes in concentration and composition of any strain-speci fie peptide sequences 

have been dcsclibt:d prt:viously which correlate with epidemiologically documented 

epidemics or rapid replication. 

10 

[0018] A four to ten-·fold increase in the concentration of stn1in-spccific 

influen;w Replikins in one of CJach of the four major strains, influenza B, (A)H!Nl, 

(A)H2N2 and (A)H3N2 was found, and that such increase of Replikin concentration 

was related to influenza epidemics caused specifically by each strain from 1902 to 

15 2001. These increases in concentration were then shown to b(J due to the 

reappearance of at least one specific Rep Ii kin composition from l to up to 64 years 

after its disappearance, plus the emergence of new strain-specific Roplildn 

compositions. Pnwiously, no strnin-specific chmnical structures were known with 

which to predict which strains would predominate in coming influenza seasons, nor 

20 to devise annual mixtures of wholo-virus strains for vaccines. The recent sharp 

increase in l-l3N2 Replikin concentration (1997 to 2000), the largt:st in H3N2's 

history, and the reappearance of specific Replikin compositions which were last seen 

in tho high mortality H3N2 plutclcmic of 1968 and in the two high mortality 

epidemics of 1975 and 1977, but were absent for 20-25 yoars, together may be a 

25 warning of coming opidt:mics. 

[0019) Synthetic Replikins arc new vaccmcs. This high degree of 

conservation of Rcplikin structures observed whereby the identical structure can 

JK:rsisl for 100 years, or rcappcnr after nn llbsence of .from one to 64 years reappears 

30 indicates that what was previously thought to be change in virulence due to random 

substitution of nrnino acids in influenza proteins is more likely to be d1ange due to 

an org1mizod process of conservation of RepJikins. In fact, if random substitutions 

of each amino acid occunecl, th.e chance against 1m <lVt:rage length in1:1ucnza 

6 
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Rcplikin ~eq1Honce being conserved for one year (let alone 84) is calculated to be in 

the order of2 to the 27'11 power to 1. 

(0020] The significant conservation of Replikins is not unique to influenza 

5 virus, for example, it is also pres0nt in foot and mouth discast1 virus type 0 imd in 

HIV, as well us in wheat. More recently, significant conservation of Replilcins is 

present in coronavirns nucleocapsid proteins. 

[0021 J A third functional basis for Replikins' role in rapid replication is the 

10 increase in Replikin concentwtion shown to be minted to rapid replication in HIV. 

15 

20 

25 

The Replikin concentration in the slow-growing low-titre slniin of HIV (NS!, 

"Bru"), prevalent in early stage infi:Jction, was 1.imnd to be one-sixth of the Replikin 

concentration in the rapidlycgrowing high-titre strain of HIV (Sl, "Lai"), prevalent in 

late stage HIV i nfoction. 

[0022] Other examples arc given of the relation of Replildns to rapid 

replication. For exan1ple, in tomato curl leaf gemini virus, which devastates tomato 

crops, the first l6J innino ttcids of the 'replicating protein', which lmve been shown 

to bind to DNA, contain five Rcplikins. 

10023] In malaria, legendary for rapid replication, lrypanosomes arc released 

from the liver in tens of thousands from one trypanosorne, Multiple, novel, almost: 

'flamboyant' Rcplikin structures with concentrations of up to 111 overlapping 

Rcplikins per 100 amino acids arc found therein. 

[0024) The increase in Replikin concentration 111 inf1ucnw epidcni.ics is 

fimctionally comparable to the gliorna Rcplikin's incret1sc in concentration during 

rapid replication of 1m1lignant glioma cells and compan1ble to rapid replication in 

HIV and in 11 diverse range of otlwr organisms. Replikins thus are associated with 

30 and appear to be part of the stntclural bascos of rapid replication in different 

orgarnsms. 

7 
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[0025] Rcplikin concentration and composition therefore provide new methods 

to detect and to control the process of replication, which is central to the survival 

and dominance of each biological population. The discovery of thes<;0 new proteins 

related to rapid replication provides new opportunities 1) for detection of pathogens 

s by qualitative and quantitntivc dctenninations of Replikins, 2) for the control of a 

broad nmgc of disenses in which rapid repliC<llion is a key factor by targeting native 

Rcplikins w1d by using syntholic Replikins as vaccines, and 3) for the use of 

Rcplikins to foster grnwlh of algal and plant foods. 

10 (0026] There is 11 significant number of diseases and pathogens which have 

proved difficult lo detect and treat flncl for which there is no effective vaccine. Tims, 

for each disorder there is cl need for developing a target that will provide effective 

n1cthods of detecting, treating or preventing those diseases and pathogens. 

15 SUMMARY OF THE INVENTION 

[0027] The present invention provides a method frn- identifying nucleotide or 

amino acid sequcncr:s that include a Rcplikin sequence. The method is referred to 

herein as a 3-point-recognition method. By uso of the "3-point recognition" method, 

namely, peptides comprising from 7 to about 50 amino acids including (1) at least 

20 one lysine residue located six to tm1 arnino acid residues from a second lysine 

residue; (2) at least one histidine residue; and (3) at least 6% lysine residues 

(llcplikin) "" constituting a new class of peptides was revealed in algae, yeast, fungi, 

amoebae, bacteria, plant and virus proteins having replication, transformation, or 

rcdox functions. 

25 

[0028] In one aspect of the invention there arc provided isolated or i;ynthesizcd 

peptides containing a Replildn scquonce. The peptides cornprisc from 7 to about 50 

amino acids including (l) itt least one lysine n~siduo located six to ton amino ncid 

residues from a second lysine rcsicltws; (2) at least one histidine residue; and (3) at 

30 least 6% lysine residues. 

[0029) The present invention also provides methods for detecting the presence 

of a contaminating organism in a body sample or environmental sample comprising: 

8 
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[0030] 

(!) isolating nucleic acids from the body sample \Jr environmental sample; 

(2) screening the nudeic acids for the presence of a Replikin structure; ;1nd 

(3) correlating the presence ()fa Replikin structure with the presence ()fthe 

contaminating organism. 

lil another aspect of the invention thore is provided a process for 

stimulating the immune system of a subject to produce antibodie8 that bind 

specifically to a R.cplikin sequence, said process comprising administering to the 

subject an effective ;1mount of a dosage of" composition comprising at least one 

lO .Replikin peptide. One enibodimont comprises at least one peptide that is presont in 

an emerging strnin of the organism if such new strain emerges. 

[00311 Tho present invention also provides antibodies that bind specific;1Jly to 

a Replikin, as defined herein, as well as antibody cocktails containing a plurality of 

15 antibodies that specifically bind to Replikins. ln one embodiment of the invention, 

there are provided compositions comprising an antibody or Hnti6odics that 

specifically bind to a Replikin and a pharmaccutic<Illy acceptable c;.irricr. 

[0032] In one aspect of the invention there arc provided isolated, or separated 

20 from other proteins, recombinant, or synthesized peptides or other methods 

containing a viral Replikin seg\lence. The viral Replikin peptides comprise front 7 

to about 50 amino acids including (l) at least one lysine residue located six to ten 

amino acid residues from a second lysine residue; (2) at least one histidine residuo; 

and (3) at least 6% lysine residues. (viral Replikin). 

25 

[0033] The present <tpplication also provides isolated, or separated frorn 

nucleocapsid proteins, amongst others, recombinant, or synthesized peptides or other 

methods containing a viral Replikin sequence. The viral nuclcocapsid Replikin 

peptides comprise from 7 to about 50 amino acids incl1.1cling (1) <tl lei1st one lysine 

30 residtie located six to ten amino acid residues from a second lysine residue; (2) al 

least one histidine residue; and (3) at least 6% lysine residnes. 

9 
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J0034] The present invention also provides mothods for detecting the presence 

of a contaminating virus in a body sample or environmental sample comprising: 

[0035] 

(I) isolating nucleic acids from the body sample or environnwntal 

sample; 

(2) 

(3) 

screening the nucleic acids for the presence of a viral Replikin 

structme; and 

corrcb!ing the presence of viral Rcplikin 

concentration and composition, with the 

contaminating virus. 

structures, their 

presence of the 

In another aspect of the invention there is provided a process for 

stimulating the immune system of a subject to produce antibodies that bind 

specifically to a viral Replikin sequence, said procoss comprising administering to 

the subject an effect:ivo amount of a dos<1ge of a con1position comprising at lea:;l one 

15 Replikin peptide. One ernbodfrnent comprises at least one peptide that is present in 

an emerging strnin ofl:ho vin1s if such new strain emerges. 

[00361 The present invention also provides antibodies that bind specifically to 

a viral Replikin, as defined herein, as well as nntibody cocktails containing a 

20 plurnlity of antibodies that specifically bind to viral Replikins. In one embodiment 

of the invention, there are provided compositions comprising mi antibody or 

antibodies that specifically bind to a viral Replikin and a pharmaceutically 

i1cceptab le C<UTicr. 

2S 

30 

[00371 The present invention nlso provides therapeutic compositions 

comprising one or more of isolated virus peptides having from 7 to <tboul 50 amino 

acids comprising: (1) at least one lysine residue located six to ten residues from. a 

second lysine residue; (2) at least one histidine residue; and (3) al least 6% lysine 

residuc.s, and a pharmaceutically acceptable carrier. 

[0038] In anotht1r aspect of the invention there is provided an antisense nucleic 

acid molecule cornplenwntm·y to a virns .Replikin mRNA sequence, said Replikin 

rnRNA sequence denoting from 7 to about 50 amino acids comprising: 

JO 



5 

WO 2005/0 lOOJ2 PCT/US2004/0 l 7936 

[0039] 

(1) at least one lysine residue located six to ton residues from a second 

lysine residue; 

(2) at loast one histidine residue; and 

(3) at least M{, lysine rcsidu.os. 

In yet another aspect of' the invention there is provided a method of 

simulating the inummc system of a subject to produce antibodies to virnses, said 

method comprising: administering an cffoctivo arn.ount of <it least one virus Replikin 

peptide having from 7 to about 50 amino acids comprising (1) at lc;1st one lysine 

IO residue located six to ten amino acid residues from a second lysine residue; (2) nt 

lenst one histidine residue; (3) and at least 6'X, lysine residues. 

15 

20 

25 

30 

[0040) In another aspect, there is provided a method of selecting a virus 

peptide for inclusion in a preventive or thcntpcutic virus vaccine comprising: 

(l) obtnining nt least one isolate of each strain of a plun1lity of strains of 

said virus; 

(2) amtlyzing the mnino ~tcid sequence of the nt least one isolate of each 

(3) 

strain of the plnrality of strains of the virus for the presence and 

concentration of Rep Ii kin sequences; 

compnring the concentration of Replikin sequences in the mnino acid 

sequence of the at least one isolate of each strnin of tho plurality of 

strains of the vims to the concentration of Rcplikin sequences 

observed in the mnino acid sequence of each of th" strains <\! least 

one earlier tim.c period to provide lhc concentrntion of Rcplikins for 

at least two lime periods, said at least one earli.er time period being 

within about six months lo about three years prior to step (1 ); 

( 4) indentij'ying the strain of the virus having the highest increase m 

(5) 

concentration of Rcplikin sequences <h1r,ing the at least two time 

pc1fods; and 

selecting at least one Rcplikin sequence present in the strain of the 

virus peptide identified in step ( 4) as a peptide for inclusion in the 

virus vaccine. 

l 1 
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(0041] The present invention also provides a method of making a preventive 

or th6n1p0utic virus vaccine comprising: 

(0042] 

(1) identifying a strain ofa virus as an emerging strain, 

(2) selecting at least one Rq1Jikin sequence present m tho emerging 

strain as a peptide template fi.1r the virus vaccine manufacture, 

(3) synthesizing peptides having the amino acid sequence of the al least 

one Rcplikin sequence selected in step (2), and 

(4) combining a therapeutically effective amount of the peptides of step 

(3) with a pharmaceutically acceptable carrier and/or a<ljuvnnt. 

In another aspect, tho invention is directed to a method of identifying 

an emergmg strain of a vims for diagnostic, pr"vcntivc or therapeutic purpos\ls 

compnsmg: 

(0043] 

(l) obtaining at k<ist one isolate of each strain of a plurality of strains of 

the virus; 

(2) 

(3) 

analyzing the amino acid sequence of the al least one isolate of each 

strain of the plurality of strains of the virus for the presence and 

concentration ofl~cplikin sequences; 

comparing the concentration of Replikin sequences in the amino acid 

sequence of the at least one isolak of each strain of the plurality of 

strains of the virus to the concentrntion of Rcplikin sequences 

observed in the amino acid sequence of each of the stra.ins at least one 

earlier lime period to provide the concentration of Replikins for i1t 

least two time periods, suid at letisl one earlier time period being 

within about ~ix months to about three years prior to step (l); and 

(4) identifying the strain of tho virus having the highest incrcllsC In 

concentration of Rcplikin sequences during the at least two time 

periods. 

Jn yet another aspect of the invention, there is provided a prcv,:ntive or 

therapeutic virus vac:cine compiising at least one isolated Replikiu present in a 

proteii1 of an emerging strain of the virns and a phanm1ceutically ncceptable carrier 

ond/or adjuvant. 

12 
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[0044] Also provided by the present invention is a method of preventing or 

treating a virus infoction comprising adn'dnistering to a patient in need thereof a 

preventive or therapeutic virus vaccine comprising at least one isolated Rcplikin 

s present in a protein of an comcrging strain of the virus nnd a phanmJceutically 

acceptable cmTier and/or adjuvant. 

INFLUENZA 

[0045] Influenza is an acute respinitory illness of global importance. Despite 

IO international attempts to control influenza virus outbrenks through vaccination, 

influenza infections remain an importnnl cause of morbidity and mortality. 

Worldwide influenza epidemics and pandemics have occurred at irregular and 

previously unpredictable intervals throughout history and it is expected that they will 

continue to occur in the futtfre. The impact of both pandemic and epidemic 

15 influenza is substantial in terms of morbidity, mortality and economic cost. 

[0046] Influenza vaccines remain the most effective defense against influenza 

virus, but because of the ability of the virus to mutate and the avaih1bility of non­

human host reservoirs, it is expected that influenza will remain <lll emergent or ro-

20 emergent infection. Global influenza surveillance indic(ttcs that inJ.1uenza viruses 

may vary within a country and between countries and continenb; during an influenza 

season. Virological surveillance is of importance in monitoring antigenic shift and 

driii. Disease surveillance is also important in assessing the imp<lct of epidemics. 

Both types of infonnMion ln1ve provided the basis of the vaccine composition and 

25 the correct use of tmtivin1ls. However, to date there bas been only annual post hoc 

hematological classification of the increasing number of cnwrging influenza virus 

strains, and no specific chemic;li structure of the viruses h<lS been identified ;is an 

indicator of approuching influenza epidemics or pandemics. Currently, the only 

basis for annual classification of influenza virus as active, inactive or prevalent in a 

30 given year is the activities of the vims hemagglutinin and ncuraminirbso proteins. 

No influenza viral chemical strncturc has been identified pri()r to this application 

that can be used for quantitative waming of epidemics or pandemics or to design 

morn etfoctivc and safor vaccines. 

13 
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(0047] lkcauso of the ftmrnal administration of in f1ucnza vaccmcs and the 

short period of time when a vaccine can be ndministered, strategics dircckd at 

improving vaccine coverage are of critical importance. 

[0048) In one aspect of tho invention there ar[;) provided isolated or synthesized 

influenza virus peptides containing a RcpliJdn sequence. The influenza Replildu 

vims peptides comprise from 7 to about 50 mnino acids including (l) at kast one 

lysine residue located six to ten amino 01cid residues from a second lysine residue; 

10 (2) at least one histidine residue; and (3) at least 6%, lysin0 residues. (lnfiuema 

Replikin). 

[0049] In another <1speot <Jf the invention, there is provided " process for 

stimulnling tho im.munc system of a subject to produce antibodies that bind 

!5 specifically to an influenzn virus Replikin sequence, said process comp1ising 

administering to the subject an effective mnount of dosage of a composition 

comprising al least one influenza virus Replikin peptide. In il preferred crn.bodimont 

the composition comprises Hl least on p"'ptide that is present in an cm<;Jrging strain of 

in.lluenzlt vims. 

20 

[0050) The present invention also provides antibodies that bind specifically to 

nn influenza virus Replikin, as defined herein, as well as antibody cocktails 

containing a plurnlity of nnlibodies that specifically bind to influenza virus 

RG1Jlikins. Tn one embodiment of the invention, there are provided compositions 

25 comprising an antibody or antibodies that specifically bind to an influcnw Roplikin 

and a phannaceulically acceptable carrier. 

[0051] The present invention also provirfos therapeutic compositions 

comprising one or more of isolatt'd influenza virus peptides having from 7 to about 

30 50 amino ncids comprising: 

(!) at least one lysine residue located six to ten residues form a second 

lysine residue; 

(2) at least one histidine residue; and 

14 
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(3) at least G% lysine residues, and a pharmaceutical acceptable carrier. 

(0052] Iu another a$pect of the invicntion there is provided an 1111tis~nsc nucleic 

acid molecule complementary to an influenza virus bcmagglutinin Rcplikin mRNA 

5 sequem'.o, said Rcplikin mRNA sequence cknoting from 7 lo about 50 amino acids 

comprising: 

10 

[0053] 

(1) at leiist one lysine residue located six to ten residues from a second 

lysine residue; 

(2) 

(3) 

al least tlnc histidine residue; and 

at least 6%, lysine residues. 

In yet another aspect of the invention thi;ore is provided a method of 

simulating the imnn1ne system of a subject to produec antibodies to influenza virus 

comp1faing adn1inistering an effective amount tlf at least one influenza virus 

15 P.cplikin peptide having from 7 to about 50 amino acids comprising: 

20 

25 

30 

[0054) 

(l) nt 10;1st one lysine residue located six to ten amino 11dd residues frmn 

a second lysine residno; 

(2) at least tlne hfalidine rc~iduc; and 

(3) at least 6% lysine residues. 

In another aspect, there is provided a method of selecting an influc1v.a 

virus peptide for inclusion in a preventive or therapeutic influenza virus V<lcc.ine 

comprising: 

(l) obtaining at least one isolate of each strain of 11 plurality of strains of 

influenza virus; 

(2) 

(3) 

<ll1aly;r,ing the hcmagglutinin amino iie.id sequence of the at least one 

isolate of each strain of the plurality of strains of influenza vims for 

the pres(mce and concentration ofRcplikin sequences; 

comparing the eoncentration of Replikin sequences m the 

hcmagglutinin amino acid sequence of the at lenst one isolate of each 

Btrain of the plurality of strains of influenza virus to the concentration 

of R.cplikin sequence's observed in the hemagglutinin m11ino acid 

sequence tlf ench of the strains at kast one earlier ti.me period to 

15 
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(4) 

(5) 

[0055] 

provide the concentration of Replikins for at least two time periods, 

said at least one earlier time period being within ltbout six mo11ths to 

about three years prior to s!0p (l ); 

identifying the strain of influenza vims having the highest increase in 

conccntnition of Rcplikin sequences during the at least two time 

period$; 

selecting at least one Replikin sequence present in the strain of 

inf1uc1w.a virus peptide identified in step ( 4) as a peptide for inclusion 

in an influenza vims vaccine. 

The present invention also provides a method of making <> preventive 

or therapeutic influenw vin1s vaccine compiising: 

[0056] 

(l) identifying a strain of influenza virus as an emerging strain; 

(2) selecting at lenst one Replikin sequence present in the emerging 

$\rain as a peptide template for influenza virus vaccine nrnnufacturo, 

(3) synthesizing peptides having 1Jie iunino acid sequence. of the (\t least 

one Replikin sequence selected in step (2), and 

(4) combining a therapeutically effective amo1mt of the peptides of step 

(3) with a phannaceutically acceptable carrier and/or adjuvant. 

In another aspect, the invention fa directed to a method of ickntifying 

an emerging strnin of influenm virus for diagnostic, preventive or therapcntic 

purposes comprising: 

(1) obtaining at kast one isobtc of each strain ofu plurality of strains of 

i11fluen::w virus; 

(2) 

(3) 

analyzing the hcniagglutinin amino ticid sequence of the al le<!St one 

isolate of each stn1in of the plurality of strains of influenza virus for 

the presence nnd concentration of Replikin sequences; 

comparing the concentration of Replikin sequences m the 

hcmagg]ulinin amino acid sequence of the al least one isolate of each 

strain of the plurality of strains of influenza virus to the concentration 

of Rcplikin sequences observed in the hcmagglntinin amino acid 

sequence of each of the strains <l( least one earlier time period to 

16 



5 

WO 200S/Ol0032 

(4) 

PCT/US200~/0 l 79-16 

provide the concentration of Rcplikins for al low;t two tinie periods, 

said at kJ<1St one earlier l.ime period being within about six months to 

about lhrce years prior to step (I); and 

identifying the strain of influenza virus having the highest increase in 

concentration of Replikin sequences during the at least two time 

pe1iods. 

(0057] Tn yet another aspect of the invention, there is provided a preventive or 

therapeutic influenz.a vinis vaccine comprising at leltst one isolated Rcplikin present 

10 in the hen1Hggluti11in protein of an emerging strain of infiuenza virns and a 

plrnrmaccutically accoptable catTior and/or adjuvant. 

[0058! Also provided by the present i.nvcntion is a method of preventing or 

treating influenza virus intection comprising administering to a patient in need 

15 thereof a preventive or therapeutic vaccine comprising at k:ast one isolated Ikplikin 

present in the hemilgglutinin protein of an emerging strain of influenza virns and a 

pharnH1coutically acceptable carrier <ind/or adjuvant. 

TRYPANOSOMES 

20 [0059] In one aspect of the inwntion there <Ire provided isolated or synthc8ized 

trypanosorne peptides containing a Rcplikin sequence. The lrypanoson1c Rcplildn 

peptides compri~e .from 7 to about 50 amino acids including (1) at least one lysine 

residue located six to ten amino acid residues frorn a second lysine residue; (2) at 

least one histidine residue; and (3) at least 6% lysine residueH, (Trypanosolll(' 

25 Replikins). 

MALARIA 

[0060] One trypano~omc disorder which lms proved difficult to !rcat and fi.>r 

which them is no dfoctive vaccine .is rnnbria. Malaria causes much death, and 

30 physical and economic hardship in tropical regions. Malaria is caused mainly by 

Plasmoclitnn falcipannn, which has proved to be extremely resistant to treatment and 

to date, a vaccine for malaria lws remnined ehrnive, Thus there is a 1wed for 

effective malaria v11ccines and methods of treating or preventing the disease. This 

17 
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application provides the basis for such vaccines and methods of treatment and 

prevent.ion. All of the methods described above for production of and treatment 

with Replikin virus vaccines and Replikin influenza vims vaccines are applic<tblc to 

the production of and treatment with .Replildn malaria vacci.nes. 

[ 0061] In the present invention, there arc provid0d vaccines and methods fbr 

preventing or treating 1nularii1. Tho nrnlarin vaccines comprise at k>lSt one isolated 

Plasmodium falcipanun Replikin. The present invention also provides methods for 

treating or preventing malarh1 comprising administering to a patient an effective 

JO amount of preventive or therapeutic vaccine comprising fll: kast one isolated 

Plasrnodium falcipanl!lJ Replikin. 

[0062] Also provided by the present invention arc antibodies, antibody 

cocktails and compositions that comprise nntihodics that specifically bind to a 

15 Rcplikin or Replikins pruscnl in a malaria antigen of Plasm odium folcipannn. 

20 

[0063] Another example of a trypanosomc which may be treated under the 

present invention as is the caso for malaria, the Rcplikins of Trcponcma Pallidum 

(syphilis), can be used for detection, prevcnti.on, treatment of syphilis. 

HACl'ElUA 

[0064] In one aspect of tlm invention there ar0 provided is()!;1ted or synthesized 

peptides containing a Replildn sequence (bacterial Replikins). The bacterial 

bact(:rial peptides comprise fron1 7 to about 50 all!ino acids including (1) at least 

25 one lysine residue located six to ten amino acid residues from a second lysin0 

residne; (2) at lensl one histidine residue; and (3) at least 6% lysine residues. 

(bacterial Replikins). US Application Serial No. l()/105,232 filed March 26, 2002 is 

incorporated by reference in its entirety, including but not lirnif.ed to the bacterial 

sequence listing and information. 

30 

[0065] The present invontion also provides mothods for detecting the presence 

of a contaminating bacterial organism in a body sample or environmental s<llliple 

compnsmg: 

18 
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[0066] 

(1) isolating nucleic <tcids from the body sample or environmental 

sample; 

(2) screening the nucleic acids for the presence of l\ Replikin structure; 

illld 

(3) correlating tho presence of a Replikin strncture with the presence of 

the contaminating organism. 

In another aspect of the invention there is provided a process for 

stimulating the immmw system of a subject to produce antibodie~ that bind 

JO specific;1lly to a bncterial Replikin sequence, s;1id process comprising administering 

to the subject an effective amount of a dosage of a composition coniplising at least 

one bacterial Replikin peptide. One en1bodiment comprises at least one bacteri<ll 

peptide that is present in an emerging strain of the bacte1i<1l organism if such new 

strain emerges. 

15 

[0067] The present invention also provides nntibodies tbat bind specifically to 

a bacterial Rcplikin, as defined herein, as well as antibody cocktails conU1ining a 

plurality of antibodies that specifically bind to bacterial Replikirn. rn one 

embodiment of the invention, there (ll'C provfrkd compositions comprising an 

20 antibody or antibodies that specifically bind to a bacterial IZeplikin und <t 

phannaceutically acceptable carrier. 

[0068] The present invention also provides therapeutic compositions 

comprising one or more of isolated bacterial peptides luiving from 7 to about 50 

25 amino acids comprising: 

30 

(l) at least one lysine residue loc>lted six to ten residues from a second 

lysine residue; 

(2) 

(3) 

(4) 

at least one histidine residue; 

at least 6% lysine residues; and 

a pharmaceutically acceptable carrier. 

19 
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[0069] In another aspect of the invention there is provided an antisensc nucleic 

acid 1.nolccule complementary to a bacterial Replikin mP.NA sequence, said 

Rcplikin mRNA sequence denoting from 7 to about 50 amino acids comprising: 

(I) at least one lysine residue located six to ten residu.es from a second 

s lysine residue; 

(2) at lo,ist one histidine residue; and 

(3) at least 6'% lysine residues. 

[0070I In yet another aspect of the invention there is provided a method of 

10 siJnulating the immune system1 of a subject to produco antibodies to b<tctcria 

comprising administering an effective amount of at least one bacterial Replikin 

peptide lmving from 7 to about 50 wnino <lcids comprising: 

15 

(l) at least 01\c lysine residue located six to ten amino acid residttes from 

a ~econd lysine residue; 

(2) at least one histidine residue; and 

(3) at least 6% lysine residues. 

[00711 In another aspect, there is provided a rnethod of selecting a bacterial 

Replikin peptide for inclusion in ft preventive or therapeutic bacterial vaccine 

20 compnsmg: 

25 

30 

(I) obtaining at least one isolate of each strain of a plurality of strains of 

the bacteria; 

(2) analyzing the amino acid sequence of the at least one isolate of each 

slniin of the plurality of strains of the bacteria for tho presence and 

concentration of bacterial Rep Ii kin sequences; 

(3) co1.nparing the concentration of bacterial Rcplikin sequences in the 
' 

;trnino ;1cid sequence of the at least one isolate of e<wh ~train of the 

plurality of strains of the ln1cteria to the concentration of bacterial 

Rcplikin sequences observed in the amino acid sequence of each of 

the strains at least one earlier time period to provide the concentration 

nf bacterial Replikins tor at least two time periods, wid at least one 

earlier time period being within about six months to about three yMrs 

prior to step (1), or mu-lier in rapidly mutating bacteria; 

20 
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10072] 

( 4) indcntifying the strain of the ln1ctcria h;1ving the highest increase in 

concentration of bacterial Replikin sequences during the al least two 

time periods; <lJJd 

(5) selecting at Jeasl one bacterial Replikin sequence present in the strain 

of the bacterial peptide identified in step ( 4) as a peptide for inclusion 

in the bacterial vaccine. 

The present invention also provides a method of making a preventive 

or therapeutic bncterial vaccine comprising: 

[0073] 

(l) 

(2) 

idcnti fying a strain of a lnicleria as an emerging stniin; 

selecting at least one bact<0rial Replikin sequence present lrl the 

emerging strain as a peptide template for the bacterial vaccine 

manufacture; 

(3) synthesizing peptides having the amino acid sequence of the at least 

(4) 

one baclGrial Ikplikin sequence selcclt!d in step (2); and 

combining a therapeutically effective amount of the peptides of step 

(3) with a pharmaceutically acceptable carrier and/or adjuvant. 

In another aspect, the invention is directed to a method of identifying 

20 an emerging strain of baclc,ria for diagnostic, preventive or therapeutic purposes 

cornprisi ng: 

25 

30 

(1) 

(2) 

obtaining at least one isolate of each strain of a plurality of strains of 

the bacteria; 

analyzing the amino acid sequence of the at least one isolate of each 

strain of the plurality of strains of the bactoriit !or the presence and 

concentration of bacterial Rep Ji kin sequences; 

(3) comparing the conccntnttion of bacterial Rcplikin sequences in the 

amino acid sequence of the at least one isolate of each strain of the 

ph.1rality of strnins of the bacteria to the concentration of bacterial 

Replikin sequences observed in the amino acid scqu(mGe of each of 

the strains at least one earlier limo period to provide the concentration 

of bacterial Replildns for at least two tim.e periods, said at 10asl one 
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[0074) 

earlier time period being within about six months to about three years 

prior to step(!); and 

(4) identifying the strain of the bacteria having the highest increase in 

concentration of bacterial Replikin sequences during the at least two 

tim.o periods. 

In yet another aspect of the invention, there is provided a preventive or 

therapeutic bnctcrial vaccine comprising at least one isolated bacterial Rcplikin 

present: in a protein of an emerging strain of the bacteria and a pharmaceutically 

JO acceptable carrier and/or adjuvant. 

10075] Two important sub"specics of bacteria, classified under mycobactcria, 

arc Myvilrncterium lcprae (leprosy) whose 30-s ribosomal protein has a (>terminal 

R.eplikin and Mycobaclcrium tuberculosis (tuberculosis) whose ATPase has thxec 

15 Rcplikins. 

Replikin iu 30s ribosomal protein s6 of Mycobacterium leprne (l.cprosy) is: 

kvrn.rtdkh 

20 Rep!ikins in the ATPasc of Mycolmctcrium tuberculosis MC: 

hprpkvaaalkdsyrlk 

hprpkvaaalk 

ksi1qkwpdkflagaaqvah 

25 Replikins in the H-D-gahlctosidasc of E. coli: 

b;iwqhqgkll fisrk 

hqgktl fisrk 

Rcplikins in Agrobactcrium tumefaciens: 

30 hsdqqlavmiaakrlddyk 

hlldhpusvgqldlra111laveevkidnpvymck 

hpasvgq!cllramlaveevldclnpvymek 

kcvmakncnikcpaglttnqcafngdpralaqylmniah 
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kncnikcpaglttnqeafiigdpralaqylnmiah 

hhdtysicdlaqlihdakaarvrvivk 

hdtysicdlaqlihclakaarvrvivk 

hdakanrvrvivk 

5 kigqgakpgcggqlpspkvtvciaaarggtpgvclvsppphh 

kigqgakpgcggqlpspkvtveiaaarggtpgvclvsppph 

kaseitktlasga1nshgalvaaaheavahgtnmvggmsnsgeggeh 

Irnsoi tktlasgan1sl1galvaaahea v ah 

kascitktlasgainshgalvmiah 

lo kmeitkUi1sgamsh 

kryJ:IJnvktpvggvtfaviaqavaclwh 

hhiaaglgfgasavyplgvqfraeekfgad<tdlrnfkrfakaaekslrnk 

hhiaaglgfgasavyplgvqfoicekfgadadkafkrfakaaekslmk 

hhiaaglgfgasavyplgvqfraeek{gadndkaJkrfakaaek 

I 5 llhi aaglgJgasavyplgvqfnicckfgadadkaflnfak 

hhiaaglgfgasavyplgvqfhteokfgacladk 

hiaaglgfgasavyplgvqfracckfgacladkafkrfokaaekslmk 

hiaaglglgasavyplgvgfrneekfgadaclkafkrfakaack 

hiaag!gfgasavyplgvqfraeeklgadadkaJkrfak 

20 hiaaglgfgasavyplgvqfracekfgadaclk 

kfglyd<wfeksscgvgfitrkdgvqth 

P(:T/US2004/017936 

[0076] Also provided by the present invention is a method of preventing or 

treating a bacterial infection comprising administering to a patient in need thereof <t 

25 preventive or therapeutic vaccine comprising at least one isobted bacterial Replikin 

present in <t protein of an enierging strain of the bacteria imd a pharmaceutically 

acceptable carrier and/or adjuvant. 

FUNGUS 

30 (0077] Jn one aspect of the invention there are provided isolated or synthesiz.ed 

fungal peptides containing a Rcplikin sequence. The fungal Replikin peptides 

comprise from 7 to a.bout 50 mnino acids including (1) at least one lysine residue 

23 



WO 2005/0l0032 l'CT/l/S2004/0 l 79J6 

located six to ten amino acid residues from a se<;ond lysine residue; (2) at kast one 

histidimo residue; and (3) at least 6% lysine residues (fungal Rcplikins). 

[0078] All of the rnethods described above for production of and treatment 

5 with bacterial Rcplikin vaccines arc applicable to the ptoduction of and treatment 

with fungal Replikin vaccines. 

[0079] ln another aspect of the invention there is provided a process for 

stimulating the immune system of a subject to produce <lntibodies that 

10 bindspccifically to a fungal Replikin sequence, said process eompns1ng 

achninistering lo the subject an effective a.mount of a dosage of a composition 

comprising al least one fungal Replikin peptide. 

[0080] The present invention also provides antibodies that hind specifically lo 

15 a fungal Replikin, as defined herein, as well as antibody cocktails (:.cmtaining a 

plurality of itntibodies that specifically bind to viral Replikins. In one embodiment 

of the invention, there arc provided compositions comprising an antibody or 

antibodies that specilfoally bind to a fungal Rcplikin and a pk1nnaccutically 

acceptable carrier. 

20 

25 

30 

[0081] The present invention also provides therapeutic compositions 

comprising one or more of isolated fimgal peptides having from 7 to about 50 amino 

acids comprising: 

[0082] 

(I) at least one lysine residue located six to ten residues from a second 

lysine residue; 

(2) 

(3) 

(4) 

at least orw histidine residue; 

at least 6%, lysine residues; and 

a pharmaceutically acceptable carrier. 

In another nspect of the invention there is provided an anti sense nucleic 

acid molecule complementary to an f\mgal Rcplikin mRNA sequence, said Replildn 

rnRNA sequence having from 7 to about 50 amino acids comprising: 
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10083] 

(I) at least one lysine residue located six to ten residues from a second 

lysine residue; 

(2) at least one histidine residue; and 

(3) at least 6% lysine residues. 

In another aspect of tho invontion there is provkkd a process tor 

stimulating the inumuie syston1 of a subject to produce antibodies that bind 

specifically to a fongal Roplikin sequence, said process comptising administering to 

the subject an effective amount of a dosage of a composition comprising 111 least one 

10 Rep Ii kin peptide. 

INCREASING REPLICATION 

[0084) In yet anothcor aspect of the invention there is provickd fl method for 

increasing the replication rate of an organism comprising transforming a gene 

15 encoding an enzyme or other protein ht\ving a replication function in the urganisrn 

with at least one Rcplikin structure. 

DEFINITIONS 

(0085] As used herein, the term "peptide" or "protein" refers to a compound of 

20 two or more amino acids in which the carboxyl group of one is united with <lll amino 

group of another, fom1ing a pc:ptidc bond. The tenn peptide is also used to denote 

the amino acid sequence encoding such a compound. As used h0roin, "isolated" or 

"synthesized" peptide or biologically active portion thereof refers to a peptide that is 

substanli<tlly free of cell\l]ar material or other conhiminating peptides from the coll 

25 or tissue source from which the peptide is derived, or substantially free frmn 

che1nical precursors or other chemicals when chemic;tlly synthesized by any 

method, or subs((mtially free from contarninnting peptides when synthesized by 

recombinant gene techniques. 

30 10086] As nsed herein, a Replikin peptide or Replikin protein is an <imino acid 

sequence having 7 to about 50 amino acids comprising: 

(1) at least one lysine residue located six to ten amino ncid residues from 

a second lysine residue; 
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(2) at least one histidine re~idue; 

(3) at least 6% lysine residues. 

Sin1ibrly, a Replikin sequence is the amino acid sequence encoding such a peptide 

or protdn. 

[0087] As used herein, "emerging strain" as used herein refers to a strain of a 

virus, b1tcterium, fungus, or other organisms identified as h<1vi11g an increased 

increasing concentration of Replikin sequences in one or more of its protein 

sequences relative to the concentnition of Rcplikins in other strains of such 

JO organism. The increase or increasing concontral.ion of Replikins occurs over a 

period of ;1l least about six months, and proforably over a period of at least about one 

year, most prcterably over a period of at least nbout three years or monJ, for 

example, .in influcnw virus, but may be a much shorter period of time for bacteria 

and other organisms. 

15 

20 

25 

30 

[0088] As used herein, "mutation" refors to change in I.his structure and 

properties of an organis1n caused by substitution of amino acids. In contrast, the 

term "conservation" as used herein, refers to conservation of particular amino acids 

due to Jack of substitution. 

BRIEF' DESClUl'TION OF' Tll.E ORA WINGS 

[0089] Figure 1 is a bar graph depicting the frequency of occmTcnce of 

Replikins in various organisms. 

[0090] Figure 2 is a graph depicting tho percentage of malignin per rnilligran1 

tot;1l n1ernbnme protdn during anaerobic replication of glioblastorna coils. 

(0091] Figure 3 is a bar graph showing anrnunt of antimalignin nntibody 

produced in response to cxposr1ro to the rccognin 16-mor. 

[0092) Figure 4A is a photograph of a blood smear taken with ordinary and 

fluorescent light. Figure 4B is a photogniph of ;1 blood smear taken with ordinary 

nnd fluorescent light illustrating the presence of two leukemia cells. Figure 4C is a 
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photograph of a dense layer of glioma cells in the presence of antimalig11in antibody. 

Figure 4D and Figure 4E are photographs of the layer of cells in Figure 4C t:;\ken at 

30 and 45 minutes loll owing addition of antimalignin antibody. 

[0093] Figure 4F is a bar graph showing the inhibition of growth of small cell 

Jung carcinoma cells in vitro by antimalignin antibody. 

10094] Figure 5 is a plot of the amount of antimalignin antibody present in the 

scrum of patients with benign or 1m1lignant: breast disease pre-;m.cl post surgery. 

[0095] Figure 6 is n box diagram depicting an embodiment of the invention 

wherein a computer is usc:d to carry out the 3-poinl-recognition method of 

identifying Replikin sequence$. 

[009<i] Figure 7 is n grnph showing the concentration of Replikins observed in 

hcmagglutinin of intluenzn Band influenza A strain, HIN!, on a year by year basis 

fron1 1940 tl1rough 200 l. 

[00971 Figure 8 is a gntpb of the Replikin concentn1tion observed in 

20 beniagglutinin of influenza A strains, H2N2 and H3N2, as well as an emcrgmg 

strain defined by its constituent ReplikinB, designated I-l3N2(R), on a year by year 

basis from 1950 lo 200 I. 

[0098] Figure 9 is a graph depicting the Replikin count per year for specific 

·25 Replikin strains. 

[00991 Figure I 0 is a chart depicting the n1can Replikin count per year for 

nucleocapsid coronavirns isolates. 

30 [()100] Figure 11 is <l chart depicting the Replik:in count per year for H5NJ 

IIemaggluiinins. 
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DETAU,li:l> DESCRIPTION OF TUE INVENTION 

[0101] The identification of a new family of small peptides related to the 

phenomenon of rapid replication, refe1Ted to herein as Rcplikins, provides targets for 

detection of pathogens in a SAmple and developing therapies, including vaccine 

5 developn1ent. Jn general, knowledge of and identific~ation of this family of peptides 

enables development of effective tl1erapies and vaccines for any organism that 

harbors Rcplikins. Identification of this farnily of peptides also provides for the 

detection of viruses and virus vaccine development. 

10 10102] For example, identification of this family of peptides provides for the 

detection of influenza virus and provides new targets for influcnz<1 treatment. 

Identific<ition of this family of peptides also provides for example, for the detection 

of malaria and provides new targets for malaria vaccine development. Further 

examples provided by the identification of this family of peptides include the 

15 detection of inCcctious disease Rcpliki.ns, cancer immune Rcplikins and structural 

protein Rcplikins. 

(0103] Rapid replication is charnctcrislic of virulence in certain b:.ictoria, 

virnses and malignancies, but no cll\1mistry common to rnpid replication in different 

20 organisms has been described. We hf\VC found a .family of conserved small protein 

sequences related to rapid replication, which we have mimed Replikins. Such 

Rcplikins offer new tHrgets for developing effective detection methods and 

therapies. Tho first Replikin found was tho glioma Rcplikin, which was identified in 

brain glioblastoma multiforme (glioma) cell protein CHlled malignin. 

25 

30 

[0104] Hydrolysis and mass spectrometry of malignin revealed the novel 16 

mer peptide sequence which contains the glioma Rcplikin. This Rcplikin was not 

found in databases for the nonnal healthy human gcnorne in1d therefore appeared to 

be dciivod from some source outside the body. 

(0105] We have devised <ln algoritlnn to search for the glioma Replikin or 

homologue thereof Homologues were not comn1on in over 4,000 protein 
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sequences, but were frmnd, smprisingly, in all tumor viruses, and in the replicating 

proteins of algae, plants, fungi, viruses and bacteria. 

[Ol 06] We have irkntified that both I) Replikin conccntralion (number o C 

5 Replikins per 100 amino acids) and 2) Rcplikin composition correlate with the 

functional phenomenon of rnpid r(;)plication. Thcs<;; relationships provide fimctional 

basis for tho determination that Replikins arc related qu;mtitativcly as well as 

qualitatively to the rate of replication. 

10 [OJ 07] The first fonctional basis for Roplikins role to rapid replication is seen 

in glioma rcplico;1tion. The fact that glioma malignin is enriched ten-fold compared 

to the five-fold increase in cell number and membrane protein concentration in rapid 

replication of glioma cells suggests an integral relationship of the Rcplikins lo 

replication. When the glioma Replikin was synthesized in vitro and administered as 

15 a synthetic vaccine to rabbits, 11bundant antimalignin antibody was produced. This 

establishes the (intigenic basi.s of the antimalignin antibody in serum (AMAS) test, 

and provides the first potential synthetic cancer vaccine and tho prototype for 

Rcplikin vaccines in other organisms. With the demonstration of this natural 

immune relationship of the .Rcplikins to replication and this natural inuTmne 

20 response to cancer Replikins, which overrides cell type, based upon the sharnd 

speeificity of cancer Replikins and rapid replication, both 1nissive augmentation of 

this immunity with antirnalignin antibody and active augmentation with synthetic 

Rcplikin vaccines now is possible. 

25 10108] The relationship between the presence of antirnalignin ;intibody and 

survival in patients was shown in a study of 8,090 serum specimens from cancer 

p;1tients. The study showed that the conc(entration of antimalignin antibody 

increases with age, as the incidence of cancer in the population incre\1ses, and 

increases further two to throe·fold in early malignancy, regardless of coll typo. In 

30 vitro, the antimalignin antibody is cytotoxic to cancer cdls <lt picognmi.s 

(femtomoles) per cancer cell, and in vivo tho concentration of antimalignin antibody 

relates quantitativoly to the survival of cancer patients. As shown in glioma cells, 

the stage in cancer at which cells h<ivc only been transformed to the immortal 
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malignctnt state but remain quiescent or donn.ant, now can ho distinguished from the 

more active life-threatening replicating state, which is characterized by the increased 

concentration ofReplikins. b.i. ;1ddition, clues to the viral pathogenesis of cancer may 

be found in the fact that glioma glycoprotcin 1 OH hns a 50% reduction m 

s carbohydrate residues when compared to the nonm1l l OB. This reduction lS 

associated with virus entry in other instances, and so may be cvid<:.•nce of the;; 

attachment of vinis for the delivery of virus .Replikins to the 1 OB of glial cells as a 

stop in the transformation to tho malignant state. 

IO [0109] Our study concerning influenza virns henwgglutinin protein sequences 

and influenza epidemiology over the p<lS1: 100 years, has provided a second 

functional btlsis for the relations of Roplikins to rapid replic<llion. Only serological 

hcmagglutinin and antibody <Jlassificalion, but no strain .. specific consurvGd peptide 

sequences have previously been described in influcnw. Further, no changes in 

15 concentration and composition of any strain-specific peptide sl':qucnces have been 

described previously that correla1.c with epidemiologically documented epidemics or 

rapid replic;l!ion. Jn this study, a four to ten-fold innrease in the concentration of 

strain-specific in11ucn7.a Rcplikins in one of each of tho four major strains, influenza 

B, (A)HlNl, (AJH2N2 and, (A)H3N2 is shown to relate to influenza epidemics 

20 caused by each strain from 1902 to 2001. 

[Oll OJ W c then showed that those increases in concentration arc due to the 

reappearance of :11. least one specific l:Zeplikin composition from 1 lo up to 64 yearn 

after its disappearance, plus the emergence of new strain-specific Replikin 

25 compositions. Previously, no strain-specific ch<0rnical structures were known with 

which to predict lhe stniins that would prodmninatc in coming infiuenY.a seasons, nor 

to devise annual rnixtures of whole-virus strains for vaccines. Tho recent sharp 

increase in I-I3N2 Replikin concentration (1997 to 2000), the largest in H3N2's 

history, and the reappe<irancc of specific Rcplikin compositions that were last seen 

30 in t110 high mortality H3N2 pandemic of l 968, and in the two high mortality 

epidemics of 1975 and l 977, but were absent for 20 .. 25 years, together may bo a 

Wltrning of coming cpidem.ics. This high degree of conservation of Re.plikin 

structures observed, whereby the identical stiucture C<U1 persist for 100 years, or 
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reappc<i.r alkr an absence of from one to 64 yearn, indicate that what was previously 

thought to he clmngc due to random substitution of amino acids in influenza proteins 

is more likely to be change due to an organized pnlccss of conservation of Replikins. 

5 [0.1 ll] The conservation of Replikins is not unique to influcnz.a virus but was 

also observed in other sources, for example in foot and mouth disea~c virus, type 0, 

HIV tat, and wheat. 

[0112] A third functional basis for Rcplikins' role in rapid replication is seen 

10 in the increase in rapid rcplicittion in HIV. Repl.ikin concentration was shown to be 

related to rapid replication in HIV. We found the Replildn concentration in the slow 

growing low-titre strain of HIV (NS 1, "Bru"), which is prevalent in early stago 

infoction, to be onc··sixth ol'thc Rcplikin concentration in the rapidly-growing high­

titre strain ofHJV (SI, "Lai")(pnwalcnt in late stage HIV infection). 

J 5 

[0113) Further examples demonstrate the rel<ttionship of Replikins to rapid 

replication. In the "replicating protein," of' tomato curl leaf gemini virus, which 

devastates tomato crops, the first l 61 arn.ino acids, the sequence that has boon shown 

to bind to DNA, was shown to contain five Rcplikins. In malm:i(t, legendary for 

20 rapid replication when trypanosomes are released from. the liver in the tens of 

thousands from one trypanosome, multiple, novel, almost 'flamboyant' Replikin 

stnictures have boen !ound with concentrations of up to 36 overlapping Replikins 

per l 00 amino acids. 

25 [0114] The conservation of any structure is critical to whether that structure 

provides a stable invariant target to attack mid destroy or to stimulate. When a 

structure: i$ tied in some way to a lnisic $Urvival mechanism of the orgnnism, the 

structures tend to be conserved. A varying structure provides an inconstant target, 

which is a good strategy for avoiding attackers, such as ;mtibodics that Ju1ve been 

30 generated specifically against the prior structure and th.us are ineffective ag~1insl the 

modified form. This strategy is used by influenza virus, for example, S() that a 

previous vaccine may bo quito ineffective against the current virulent virus. 
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REPLIKINS AS STAHLE TARGETS FOR TREATMENT 

[OllS] Both lnictcria and HIV have both Rcplikin and non~Replikin ammo 

acids. In HIV, for example, there has been a recent increase in drug-resist:mcc from 

9% to 13% due to mutation, tha! is substilulion of non-Rcplikin amino acids. (Seo 

5 detailed analysis of TAT protein of HIV discussed herein). In bacteria, the 

d\Oveloprncnt of 'resistant strains' is due to a simiJar rneclvinfarn. However, we have 

found that Repl.ikin strnctures do not mutate or change to the same degree as non 

Replikin amino ~icids (see also discussion of foot and mouth disease virus 

conservation of Roplikins discussed herein; forth er see discussion of conservation of 

10 coronavirus Rcplikins discussed herein). The Rcplikin strncturos, as opposed to the 

non-Roplikin structures are conserved and thus provide new constant largets for 

trerttrnent, 

(0116] Certain structures too closely related to survival functions apparently 

15 cannot change constantly. Because m.1 essential component of the Replik.i.n stntcluro 

is histidine (h), which is know for its freqnont binding to metal groups in rcdox 

t:nzyrnes itnd probable source of energy needed for replication, and since this 

histidine structure remains constant, this structure rcrnains all the more :1ttnictivc a 

target for destmction or stimulation. 

20 

[Ol l7J From a protcomic point of view, inventors construction of a template 

based on tho newly determined glioma peptide sequence led them to the discovery of 

a wide class of proteins with related conserved structures and a particular fonction, 

in this case replication. Examples of the increase in Rcplikin concenlration with 

25 virulence of ft disease include, influenza, HIV, cancer and tomato leaf curl virus, 

This newly recognized class of st:ruGtures is related to the phenomenon of rapid 

replication in organisms ;1s diverse as yeast, algae, plants, the gcrnini curl leaf 

tomato virus, HIV nnd cancer. 

30 (OJ 18] Replikin concentration and composition provide new quantitative 

methods to detect and control tho process of replication, which is central to the 

survival and dominance of each biological popubtion, The sharing of 

imnrnnological specificity by diverse members of the class, as demonstrated with 
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antirnaJignin antibody for the glioma and related cancer Rcplikins, suggests that B 

cells and their product antibodies may recognize Rcplikins by means of a similar 

recognition language. 

10119] Examples of peptide sequences of cancer Replikins or as containing a 

Rcplikin, Le., a homologue of Uw gliorna peptide, kagvaflhkk, may be found in such 

cam;ors of; but not limited to, the lung, brain, liver, sofl-lissue, salivary gland, 

nasopharynx, esophagus, stomach, colon, rectum, gi1llbladder, breast:, prostate, 

uterus, cC'rvix, bladder, eye, forms of melanoma, lymphoma, leuke1J1ia, and kidney. 

(0120] l~eplikins provide for: l) detection of pathogens by qualitative and 

quantitative determinations of Replikins; 2) treatment <uld control of a broad range 

of di.seases in which rapid replication is a key factor by targeting native Rcplikins 

and by using synthetic Rcplikins as vaccines; and. 3) fostering increased growth rates 

IS of algal and plant foods. 

[0121] Tho first Rcplikin sequence to be identified was the cancer cell 

Replikin found in a brain cancer protein, rnnlignin, which was demonstrated to be 

enriched ten-fold during rapid anaerobic replication of glioblastorna multiformc 

20 (glioma) cells. (Figure 2) M:1Jignin is a l OKDa portion of the 250 KD;1 glycoprotein 

JOB, which was isolated in vivo and in vitro from membranes of glioblaslmna 

multiformc (glioma) cells. Hydrolysis and mass spectrnscopy of malignin revealed 

a l 6-rn.er peptide sequence, ykagvaflhkkndidc (SEQ ID N0.:4), which is referred to 

herein as the glioma lZcplikin and which includes the shorter peptide, kagvaflhkk 

25 (SEQ ID NO.: l), both of which apparently ~\re absent in the normal htiman genome. 

30 

35 

33 



5 

WO 200~/0 l 0032 PCT/llS2004/0 l 7<J36 

Table J 

16-nwr peptide sequence ykagvallhkkndide obtained 
from nmlignin by hydrolysis and mass spectrometry 

_B~q_ .J1.~~0i~.!~[=1'!!t!:_ ~~~,P.~~,~~~-~== ,}l~:l~.id-Ji11 \\'hich F1
tagn1eui ()blaincd 

ID Identified (rmit:s) Auto.. Auto- Micro- Micro .. 
NO. hydrolysis hydrolysis of waved wavod 

of n1alignin 5 S(~~:onds 30 s~~conds 
nialignln ilnn1obiliz(~d 

free in on 
solution brornnacetyl 

cdiulCJsc 
1----j------+--~---------1------+-"'"-""""""'"'" --~~"""~~-~-- --·-·~""~--~------

19 1-3 381.21 ()yb(g) + 

.,,.,r~----~•·· ~"'"""""~~-----~•""' ''"•"•"-'"'~·"'''''"''~- ~-~~-----•''"'""""•"- ~"'"'""·""~·"'"''·'~'°"~ w. ••• ··----·,··-.·-----+----1--------1 
21 2 .. 6 445,28 (y)kagva(l) 1-

22- ·'}:7-···---- 59r3s · (y)kagvai'(i)-·- --··----·- ........ _____ ,,_" __ ---- _,, __ ,, .. __ _ 

1------l _____ , ____ , ______________ ------· -·-~~-····"·~·-·~-""'~-~"~' 

23 4-l l 899.55 (a)gvafJlikk(n) 1-

,.,.,.,_ ---------------· 
+ 

+----------1----1---~-----+-------r----···-----~---··-, .. ._ ..... 
24 5-7 336,19 (g)vaf(l) 

' --2-9 - -(;:-12-·--i--8-57-.5-0_1_(-v)_a_l1_1k,_b~ d) ,,_ -:,~--------·-+-------4----- ---·---·--------

30 
279' 17 ( a)fl(hr----.. --------+-----.--+-+ ·--·----· ,., _________ ,, ____ ,_,. 

31- -1-0--1-6--~ -86--1-.43- +--(h-)l-d,--n-d-id-c(_)_, _______ ~·----.. - -------. -. .. ...... "'---------------

32 J ( .. J4 
489.27 (k)lo;;h(d) --- ______ ., __ , ____ _. .. _._ .. ~--·- .-..-----------~ 

[0122] When the 16-mcr glioma Rcplikin was synthesix.cd and injected as a 

synthetic vaccine into rabbits, abundant antimalignin ;mtibody was produced. 

10 (Bogoch ct <iL, (\mcer Detection imd Prevention, 26 (Suppl. l): 402 (2002)). The 

concentration of antimalignin antibody in scrum in vivo has been shown to relate 

quantitativdy to the survival of canc<n· patients. (Bogoch ct al., Prntides of 

Biological Fluids, 31:739-747 (1984). In vitro antimalignin antibodies have been 

shown to be cytotoxic to cancer cells :it a conccntrntion of pico grams (fcmlomolar) 

15 per cancer cell. (Bogoch ct al., Cancer Detection and Prevention, 26 (Suppl. l): 402 

(2002). 
34 



WO 2005/0!0032 PCT/!JS2004/0179:l6 

(0123] Studies canied out by the inventors showed that the glioma Replikin is 

not represented in the normal healthy human genom"'. Consequently, a search for 

the origin and possible homologucs of the Replikin sequence was undertaken by 

5 analysis of published sequences of vmfous organisms. 

101241 By u.~ing the 16-mcr glioma Replikin sequence as a template and 

constructing a recognition proteomic system to visually scan the amino acid 

sequences of proteins of several different organisms, ;1 mow clMs of peptides .. the 

10 Rcplikins, was identified. The present invention provides a method for identifying 

nucleotide or arnino acid sequences that include a Replikin seqnence. The mothod 

is referred to herein as a 3"point-recognition method. The three point recognition 

method comprises: a peptide frorn 7 to about 50 amino acids including (1) at least 

one lysine residue located six to I.en amino acid residues from a second lysine 

15 residi1c; (2) al. least one histidine residue; and (3) at least 6% lysine residues. 

(Replikin). These peptides or proteins constitute a new class of peptides in spedes 

including algae, yeast, fungi, amoebae, bacteria, plant, virus and cancer proteins 

having replication, transformation, or redox fonctions. H.cplikin peptides have been 

:found to be concentrated in larger 'replicating' and 'transforming' proteins (so 

20 designated by their investigators, See Table 2) and cancer cell proteins. No 

sequences were found to be identical to the malignin l 6-mer peptide. 
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Table 2 

Examples of Replikins in various organisms 
Jrngvaflhkk 

prototype: Glioma Rcplikin* 

(SEQ ID No.:l) 
............ "'"'""~""-~ 
Algae~ 

Yeast: 

Fungi; 

A111oeb:i: 

llactcth1: 

Plants: 

Viz·uscs:: 

--- SE(Di5-N1S -------·-----------~·-,,··-- -~-~--·~-----

34 Cal dophcra prolifcra kaJ:i!<llkh 
35 l<ol 
36 Sch 

!ei.~t~!~~~U.'?.r~----,~~ ... ·"····~-·-~~"'""~''"·~----~-----"1"'<J~~~~-~ 
izcsaccharon1yce:i ponibl~ ksf'kypkk'.lik 

37 Ory io. i;;;Hiva kkuygne!hk 

~~~~---~"~'" Sac ~"~}:~!'.£'J:~J~~gili.£..~.~~'?_Q__?i1~di~~ILJ~~~tein _llsil~~.~-~C.i if d.!~---·--
38 
39 
40 

41 

42 

10 
43 
90 
91 
92 
93 
94 
95 
9G 

97 

98 
44 
'·15 
46 
9 

II 
12 
47 

:J 
5 
7 

99 
100 
IOI 
102 
103 

Iso ci tnltC ly::1sc ICI liPc11icilliun1 maJ'J1cffci kvdivthqk 
DN A-dependent RNA poly111erase 11 1 DJ~;cula dcsti'UCliva kleedaayhrkk 

1iost(l1na novo-u 1 rn 1.1.~NA in i)utch ehn disease l<vilp!rgnikglffld1 Opt 
fun Jr:!.~'"'·"--''"'"~~°'""•~~--•m~"~""'"--~-------1--.~----
En ti.Jl11Qeb<\ invadci\s, histone H2H klilkgdlnkh 

Pri bO~G;;~,;~rp;.~-t~l~~-~CPTf~-~i'\"iO-i;~fr(t;,~~;:J-f~}-iTCOG;;ct-,-,. -PY_'_"_r1_,._k-sv-h;fik'~·~~~----' 
Rep lication .. associatcd protein Staph. aurcus 

cop!as1na pu!Jnonic, chrainoso1nc replication 
c;rophagc infCcUvUy potclltiator, L. k~gionella 

My 
M'1 
Bae illus anthrt~Ci.':i 

tllus anthrti.cis 
Hlus anthracis 
illus wHhn1cls 
illus anthracis 
d lus anthracis 
'/lus nnthr.ricis 

Hae 
Hae 
Bile 
Bae 
Bae' 
na()l 

Hae 11\us anthracii; 

kkektthnk 
kvhffqlkk 
kihli,vkk 
hvkkckcknk 
khivkievk 
kkkkiJ(diygkdallh 
kwekikqh 
kldqipppicpkkddi ih 
hnrynsnivesnyllilncw .. 
knniqsd!ikk 
havddyagylldknqsdlv­
tnskk 

Bae lllus unthnwis ___ __,_J~~lcr~~~~51~~~~E!< ___ _, 
)idopsis th<.~liana, pn;!Tf:Ei'.;'"~-~--~~-~ kdhdfdgdk Arni 

Arnl >idopsis tludbna, cytop!asinic riboso111al kinkglkqkk<ih 
Ara ~idop:-:it> th,~U~~ l)t!6_~~in(!L~lJ3 p1·ol·t~ln .,1~~~1s.~,~!·.9f:!~~~-~---
Rep !icatio1l associated protein A. [Maize stri::ak virus] kckkpskdci1nrdi1sh 
llov ine herpes virus 41 DNA replication protein h!dnitngqk 
Mc! cagrid hcrpcsvitus J 1 reptlc:lt.ior1 binding protein hkdlyl'lhnk 
Fcli1 1c ln1n1uno<k:fi~:icncy hlkdyklvk 
Foot and M.outl1 Disease(<)) hkqkivapvk 
HIV TypC' I kcfncgkegh 
HIV l~ypc 2 k(:wncgkcgh 
Sina II Pox Virus (Variola) khynnitwyk 
Sn·w 11 P<JX Vil'u8 (Vo1fola) kY>'ligkeliih 
Sina II Pox Viru.s (Variola) hyddvriktH\ivvHrck 
Sn1a ll Pax Virus (Variola) hrflc\ild:::ki 
Srna ll Pox Vii·us (Vndola) kcrghnyyfck 

·--- ······----~"-'"''"''"""~ .. ·-·-···--
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•--·~-• ,,____ '"'h~-~-"~~'""'~·~~""Y•~--·-----••-·w·•"·"-~~~·~-~-wM•"•"---. 

Tut1u11· '18 Rou:l :.·Hl\'C()/1\a vitLI$ tyrosin<..~ .. protcin kin;1se kkll'hck 
Vil'Us(~S: 49 v-yc5 1 avian sarcon1a kklrhdk 

50 c"ye:s, cohn1c.fu\cer1 111alignut1t Jnel111101na kklrhdk 
51 Y-fi/'C(;, avian ::;atco1na kkfrhck 
52 c-.src 1 coloni 1nan1n1ary, panrcrcatic ~:<1.nccr kk!rhck 
.53 Ncurobbstt)nia EAS viral (v-ras) oncogene kqahclak 
54 VPI (11i1:\jor cap~id protci11) [Polynrrmvitus :;p.J kthrJ":o;kh 
55 Sindbis krt!hckik 
56 El [Human papillonmavinis typo 71] khrpllqlk 
57 v-crbB fr()n1 AEV and cycrb kspnhvk 
58 vgfn1$ (feline s~rco1na) Ju1ih\ckk 
59 c-fl11s (~1cutc and chronic niyclo111onocytic tun1ors) knihlckk 
60 lat·gc t"antigen I [Polyoinavirus sp.l kphlaq;.;1ck 
61 111iddlc t"antigen [Polyo1navin1s sp,l·· kqhnilkdk 
62 .sinai! [-antigen LPolyotTHlYinis spJ, kqhrelkdk 
63 v-abl; n111rinc acuh.~ lcukcn1ia kvpvlisptlkh 
64 I-Iu1nan T~ce!l ly1nphotropic virus typo 2 kslllcvdkdbh 
()5 cNkit1 Ol tulnors, snl1111 cell lung carcinon1a kagitin1vkt·cyh 
J 8 lJ1~pnbtis C hyppkpgcivpak 

"7i~~;~;;::-.,,m~~ ~·~~--"~,·-.-,,~-(j()- --;-1\:a11sfor111i11g protci11 111yb --~-------·~--N"'"~ .... ,, . ._.,.~ ksikh~·------·· 

For·n)h1g (i7 'l'ntt)Sfi.ll'llling pro(ein rnyc, nurkHJ lyrnphon1J krreqlkhk. 
Pf'oh~ius: (i8 R<l!:i-rd~\llld <J0l'P-biodinz protein ksfevikvih 

()uu.:ct 
Cdl 
Proteins: 

10125] 

69 Tra118forn1i.ng protein ras (tcratocarci110111n) kkk.htvkk 
70 TRAF-associatcd NF•kll nclivator TANK kaql<dhlsk 
71 H.1~·p tn1n~fQrniing ptotci.o hlkrvkd!kk 
72 Tnln$fon11ing pn.1tcio [) (S.C.) kygspkhrlik 
73 Papi!lonnt virus type I l, 1Tansfonning protein k!khilgkarfik: 
74 Protein try<)sine !dn:ir-;c (EC 2.7. I .ll2slk kgdhvkhykirk 
75 'fra11sforn1ing protein (ax!(-)) kcklrdv1nvdrhk 
76 Tnmsfom1ing protein (N·rnyc) klqarqqqllkkich 

__ ___]_'/ Fibroblast ({!:_OWth factor 4 (Kaposi "'!:coma) -· J.<!~¥lr:'!.~!!'.:,'.t_h -·~····--· 
78 M.atl'ix. 111l~taloprot~inasc 7 (utcl'ilH\) keiplhfrk 
79 'I'ransc.ription factor 'l"tikc kkk.phikk 
80 Breast cancer antigen NY.,J3R~87 ktrhdplnk 
81 BH.(;A~ 1-·Associ;itcd fting lJ00111in Pl'otein (bl'east) khhpkd11lik 
82 'Auto::1ntigi::11 frorn a brcas1.11u11or1 khkrkkfrqk 
83 <.JH0111a E.cplikin (this study) kagvaOhkk 
84 ()varian cancer antigen khk:rkkfrqk. 
85 EH L k~uken1h\ kkkskkhk.dk 
86 Proto-oncogene tytosinc~p1·otcin kinkt;c C-ABLE hksekpalprk 
87 Adenomato,is polyposis coli kkkkpsrlkgd11ck 
88 (}as\l'ic contcl' tr::insfonning protein ktkkgnrY.sptn1kvth 

-·~-39 ~!X~~1-ifOJ'~!ling 11_l"Ot~~in (l(r~f.S 2l~:h!.~1:.!lif __ ~·--~----· khkekinskd kkkkkksk 

Identification of (ln amino acid sequence ns a Roplikin or as containing 

a Rcplikin, 1.c., a homologue of the glioma peptide, kagvaflhkk, requires that the 

5 three following requirements be met. According to the three point recognition 

systern the ~eqLtoncBs have three ele1monts: (1) at least one lysin" residue located six 

to ten residt1es from another lysine residue; (2) ;1! least one histidine residue; and (3) 

a composition of at least 6°/r, lysine within an amino acid sequence of 7 to about 50 

residues. 

IO 

(OJ26J Databases were searched usmg the National Library of Medicine 

keyword "PubMcd" descriptor for protein sequences containing Rcplikin 
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sequences. Over 4,000 protein sequences were visually examined for homologucs. 

Sequences of all individual proteins within each group of PLlhMed·classificd 

proteins were visually scanned for peptides meeting the three above-listed 

requirements. An infrequent occorrcncc of hornologues was obserwd in "virus 

5 peptides" as a whole (I .5%) (N=953), and in other peptides not designated as 

associated with tmtligmmt transformation or replication such as "brain peptides" and 

"ncmopeptides" (together 8.5%) (N,,845). However, surprisingly, homologues were 

significantly more frequently identified in large "replicating proteins," which were 

identified <ls having an establislrnd function in replieation in bacteria, algae, and 

10 viruses. Even more surprising was the finding that Rcplikin hornologucs occurred in 

100% of"tumor viruses" (N=250), in 97% of"cancer proteins" (N=40l), and in 85'Vi, 

of "transforming viruses" (N~,248). These results suggest that there aro shared 

properties of cancer pathogenesis regardless of cell type and suggest a role of viruses 

in carcinogenesis, i.e., conversion of cells from a transformed albeit dormant state to 

15 a more virulent actively replieating state. 

[Ol27] ll.omologues of the following amino ncid sequence, kigvaflhkk, as 

defined by the three point recognition method, were found in such viruses, or viral 

peptides, as, bul not limited to, adenovirus, lentivirus, a"virus, retrovirus, andeno-

20 associated vims, human imnmnoddicicncy virus, hepatitis virns, influenza virus, 

maize streak virus, herpes virus, bovine herpes virus, feline inununodefo;iency vints, 

foot and mouth disease virus, small pox virus, rous sarcoma virus, neuroblastoma 

RAS viral oncogene, poly<unavirus, sindbis, human papillonm virus, 

myel.omonocytic tumor vims, murinc acute leuk<:mia, T··ccll lymphotropic vims, and 

25 tmnato leaf curl vims. 

[OJ 28] Furthermore, homologucs of the amino acid sequence lG1gvaJl1kk arc 

present m known classes of coronavirus, which are members of a family of 

enveloped viruses that replicate in the cytoplasm of host cells. Additionally, the 

30 homologue of the amino acid sequence kagvatlhkk are present in the recently 

identified class of coronavirus responsible for severe acute respiratory syndrome, or 

SARS. The rcplikin is located in the nudoocapsid whole protein sequence of the 

SARS coronovin1s. In addition, the location of the replikins is present in other 
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members of the coronavirus class and, more specifically, an: also present in the 

nucleocapsid protein sequences from these corona.viruses. 

f0129] Replikins arc present in s11c.h bacteria as, but not limited to, 

5 Acutobacter, Achrornobacter, Actinomyccs, Acrobactcr, Alcaligenes, Arthrobacter, 

Azotohacter, Bacillus, Brcvibacterium, Chainia, C!ostridium, Corynebactmium, 

Erwinia, Escheria, Lcbsiolb, Lactobaci!lus, Haemophilus, Flavobact0rium, 

Mothylomonas, Micrococcus, Mycobactcrium, Micronomspora, Mycoplasma, 

Ncisscria, Nocarc!ia, Proteus, Pseudomonas, Rhi7.ohillln, Salmonella, Serratia, 

IO Staphylococcus, Streptocossus, Strcpto1nyces, Stroptosporangiurn, Strcpto­

virticillimn, Vibrio peptide, and Xanthomas, 

[0130) Rcplikins arc present in such frmgi <ts, but not limited to, Penicillium, 

Diseub, Ophiost0111H novo-ulim, Mycophycophta, Phytophthorn infoslans, Ahsidia, 

15 Aspergillus, Candida, Ccphalosporium, Fusarium, llniwmula, MLtcor, Paccilornyccs, 

Pichia, Rhizopus, Torulopsis, Trichoclenna, :ind Erysiphc. 

[0131) Replikins are present in such yeast as, but not limifod to, 

Sacdwromyces, Cryptococcus, including Cryptococcusncoformas, Schizo-

20 saccharomyces, and Oryza. 

[0132] Repli!dns are present in algae such as, but not limited to, Caldophent, 

Isolcpisprolifora, Chondrus, Grncilaria, GGlidiurn, Canlerpa, Laurencia, Cladophexa, 

S;irgassurn, Penicillos, Halimeda, Laminaria, Fucus, Ascophylh.11n, Undari, 

25 Rhodymenia, Macrocyslis, Euchcuma, Almfeltia, ttnd Pteroc!asia. 

(0133] Replikins are present in amoeba such as, but not limited to, Entamoebn 

(including Entamocha invaclens), Amoebidac, Acanthmnoeba and Nacgleria. 

30 [0134] Replikins nrc present in plants such as, but not limited to, Arabidopsis, 

wheat, rice, and maize. 
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AUXILIARY SPECIFICATIONS 

[0135] To permit classification of subtypes of Replildns, additional or 

"auxiliary specifications" lo the basic "3-point-recognition" requirements may be 

added: (a) on a structural basis, such as the common occmTcncc of adjacent di- and 

5 polylysines in cancer coll proteins (e.g., transforming protein P21B(K-RAS 2B), 

lung, Table 2, SEQ ID NO.: 89), tllld other adjacent dki.mino acids in TOLL-Jil;:e 

receptors, orb) on a functional basis, snch as exhibiting ATPasc, tyrosine kinase or 

rcdox activity as seen in Table 2. 

10 .FUNCTIONAL DERIVATIVES 

[0136) "Functional derivatives" of the Rcplikins as described herein arn 

fragmonts, variants, analogs, or chemical derivatives of the Replikins, which retain 

at least a portion of the iimnunological cross reactivity with an antibody specific for 

the Rcplikin. A fragment of the Rcplikin peptide refers to any subset of the 

15 molecule. Varii1nt peptides nniy be made by dir<;1d cbeinical synthesis, for example, 

using methods well known in the art. An analog of a P.cplikin to a n01Mrntural 

protein substanfoilly similar to either the entire protein or a fragment thereof. 

Chemical deriv,1tives of a Replikin contain additional chemical moieties not 

normally a part of the peptide or peptide fragment. 

20 

(0137] As seen in Figure 2, during anaerobic respiration when the rate of cell 

replication is increased, malignin is enriched. That is, malignin is found to increase 

not simply in proportion l:o the increase in c01J number and total nwmbrane proteins, 

but is enriched as much as tcn-fbld in concentration, starting with 3% at rest and 

25 reaching 30% of total. membrane protein, This clear demonstration of <l marked 

increase in Replikin concentration with glioma coll replication points to, and is 

consistent with, the presence of H.cplikins identified with the 3-point recognition 

method in various organisms. For example, Replikins were idcntifa~d in such 

proteins as "Saccharomyces cerevisiae replication binding protein" (SEQ ID NO.: 

30 2) (hsikrclgiifi:lk); the "replication associated protein A of mai:w streak virus" (SEQ 

ID NO.: 8) (kyivcarcahk) and (SEQ ID NO.: 9) (lrnkkpskdeimrdiish); Uw 

"r<:~plicatio1H1ssooiated protein of Staphylococcus imreus" (SEQ ID NO.: 10) 

(kkcktthnk); the "DNA roplication protein of bovine herpes virus 4" (SEQ ID NO.: 
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11) (hkinitngqk); and the "Mealigrid herpes virus replication binding protein" 

(SEQ TD NO.: 12) (hkdlyrllmk). Previous studies of tomato leaf curl gcmini vims 

show that the regulation of virus accumulation appears to involve binding of amino 

acids I .. 160 of the "replicating protein" of lhn! virus to leaf DNA and to other 

5 replication protein molecules during virus replication. Analysis of this sequence 

showed that amino adds 1-135 of this "rcplipting protein" contain a replikin count 

(concentration) as high as 20.7 (see section on tomato leaf curl Gemini virus.) 

[0138] Table 2 shows that Rcplikin .. containing proteins also arc associated 

10 frequently with redox functions, and protein synlhGsis or elongation, as well as with 

cell replication. The association with metal-based redox functions, the enrichment 

of the Replikin-containing glioma malignin ccmccntration dming an<wrobic 

replication, and the cyt:ot:oxicity of antinwlignin at low concentrations 

(picograms/cell) (Figure 4c-f), all suggesl that th0 Replildns arc related to central 

15 respiratory survival fonctions, have been found less oftcm subj<OclGd to the mutations 

characteristic of 11011-Rcplikin amino acids. 

[0139] Of particular interest, it was obscrwd that at: least one Rcplikin per 100 

amino acids was found to be present in the hemagglutinin proteins of almost :.tll of 

20 the individual strains of influenza viruses examined. The Rcplikin sequences that 

were observed to occur in the hemagglutinin proteim of isohttcs of each of the four 

prevalent strains of influenza virus, influenza B, I-llNI, H2N2, and H3N2, for each 

year that amino acid sequence data arc availabe (1902-2001), are shown in Tables 3, 

4, 5 and 6. 
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Table 3 

Replikin Sequences present in hemagglutinins oflnt1ueIJ.Z2 B viruses in each year for \Vhich anti.no :ac]d sequences v.'ere available (1940·2001 )-

kshfanll< (SEQ ID NO. !04) 

kshfanlkgtk (SEQ ID N 0. 105) 

kshfanlkgtktrgkkpk (SEQ ID N 0. 106) 

hekygglnk (SEQ ID h-0. i07) 

hekygglnksk (SEQ ID NO. 108) 

he!..;rggln.1.;:s!..-pyytgehak {SEQ ID }; 0. 109) 

h akai.gn.cpi \Wk (SEQ ID NO. 1 IO) 

hakaigncpiwvktpHJangtk (SEQ ID NO. 111) 

hakaigncpiwvktpl!Jangtlqi:ppak (SEQ ID NO. 112) 

hakai gncpi M' ktplklangtkyrppa!Jlk {SEQ ID NO. 113) 

k(alv)s1!hevk (SEQ ID NO. 119) 

kvwcasgrs!..;ikgslpligeadclh (SEQ ID NO. 123) 

kpyytgehak (SEQ ID NO. 124) 

hgvavaadlkstqeaink (SEQ ID NO. 128} 

h_g\'avaadlkstqeainkdtistqeaink {SEQ ID N 0. 129) 

Influenza B Reolikins ~{ear Detected in Influenza B s:rain 

Peak in Figure 7: ];_ 
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1940, 4 3,51,59 ,7 5,7 6, 77 ,89,90 ,93,97 ,98 ,99, 00, 01 

1940,4 3 ,51,59 '7 5,7 6,77 ,89, 90,9 3,97,98,99' 00, 01 

1940,4 3 ,51,59, 7 5 ,7 6,11,89 ,90,93,97 ,98 ,99, O{LQ 1 

1940:4 3,5] ,59 ,7 5i 7 6~77 ,89 ,90,9 3 i 97 ,98,99, DD;O l 

1940,43,51,59,75, 76,77,89,90,93,97 ,93,99,00,01 

1940,43,51,59,75,76,]289,90,93,97,98,99,00,01 

1940 ,4 3,51}59 ,7 5 ,76,77. 89 ~9-0 ,93 ,97: 98~99 ,00, 01 

J 940,43,51,59,75,76,]2,89,90,93,97,98,99,00,0 l 

1940 ,4 3,51,5 9 ,7 5 ,76,77 ,89 ,90,93 ,97 ,98 ,99, 00, 01 

1940,43,51,59,75,76, 77 ,89,90,93,97 ,98,99,00,01 

1940, 59~ 90,93 

1940,4}, 59,75,76,77,89,90, 98,99,00 

1940, 

1940, 

1940 

59, 

59, 

89,90,93,97,98, 

00 

DJ 

::;: 
0 
N 
0 

:B; 
0 -
"' N 
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~ 
rn 
"' e 
e .. 
e 
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hsdneiqmvkl ygdsk {SEQ ID N 0. 116) 

hsdneiqdkmvklygdskpqk {SEQ ID NO. 117) 

kygg Ir.ks kpy,tgeh (SEQ ID "0. 122) 

kcmgtipsakasilhevk (SEQ ID NO. 125) 

kiygdskpqkftssangvtth (SEQ ID NO. l 30) 

hsdne<qmalJygdsh;:iqk (SEQ ID NO. 13 l} 

hfanlkgtqtrgk (SEQ ID NO. 132) 

hfanlkgtktrgk (SEQ ID NO. l 14) 

hfanlkgtktrgklcpk (SEQ ID NO. 115) 

kprsalkckgfh (SEQ ID NO. 133) 

kctgtipsakllsilhevk (SEQ ID NO. 121) 

hnvinaekapggpyk (SEQ ID NO. 126) 

hsdrretgmaklygdsk (SEQ ID NO. i 27) 

hsdneiqrnvklygdskpgk {SEQ ID 'NO. 118) 

kctgtipsakasilh (SEQ ID NO. 120} 

kslq1yytgehakai(g/a}ncpiwvk (SEQ ID 'NO. 134) 

1. In.i-CJ:uenza B has not been responsible for any human pandemic. 

2 .. 4.bbrcviation for years: e.g.,. '~43'~ = 1943~ ':Oi'' =2001. 

1943, 

1943, 

75,76,TL 

75,76,77~ 

93 

93,97, 00 

1943, 75,76~ 93 

1959 

1976, 89,90, 

1976, 90 

1988 

99,00,0i 

00,01 

1993 

1993,97, 00 

1993,97, 00 

1997,98, 00 

2000 

2000 

3. The fir-st year that a given Replikin appears is indicated at t.1ie begironing of the s.eries of years in \Vh.i.ch that Replikin has beer~ found. 

4_ Overlapping Rep!ikin sequences are Ested sep&-ately. 

5. Retu."TII ofrepli.k.ins, absent for several years, in theti.-vo years before the epidemic of 1977, underlined~ correlates 1.vifu 

increased total Repli.\:in concentration (Replikin Count = numberof Replikins per l 00 amino acid residues}. See Figure 7. 
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HlN1 Rep-hk.i:D Sequences present in HTh-1 h-em.agglutinios oflnfluenza vi•..;s-es ~n eacb year for \'.'h~ch amino acid sequences \liere a-,,.·aii;;;;;ble (l91 S:-2000) 
Hl-~'J 1?.eJJlikin}~ear Detected in Influenza 

HlNl Strain 

Peak in Figure? : Pl El El.l, L2. L3 El.4 ) 

hp(vfi}tigecphy,,,·(r/k)(s/t){t1a)k (SEQ ID NO. 135) 

hdsnvkn!y(e.'g)kv{k/r)(r./s}ql(k/r)nnak (SEQ ID NO. 13£) 

bdsnvknl)·(elg)kv(k!r)(nls)qik (SEQ ID NO. 137) 

l 918,2S. ,28,30 ,3 1.35, 47,4S ,S 1,52,55 ,56 ,57 ,59 ,fil;.!], 7>' ,80,81,85 ,87 ,8 8,89, 91,92,95,96,97 ,9&J9,00 

h kc( nPJd d)(a-tte );:::me::;v{r/k}ngty·<lypJ ... 1-s-eesklnre{ e/k}ld gi.'k (SEQ ID NO. ! 3 8} 

hkc(rm/d<l)(a:'tle}:rr.:-esv(rlk)ngty·dypkysee.5k (SEQ ID NO. 139) 

1918, :28,30,} l~ 77.79,8\J~ 

1918:, 28,30,lL 77~79,SO, 

l918~ 30, 35, ~ .sn, L.!., 

i91 a, 30, 35, '77 SO, ...!...!..~ 

bqn(e/g)qgsgyaadqkstqnai(d.fn)gtmJ ... --..:nsvi~kmntqftavgkefuk1ek (SEQ ID NO. 140) ]9i 8 28,30.31,35, 59, 79~ 

hqn(e/g)qgsgyaadqkstqn•i{<l/n)giml.'\nsviek (SEQ ID NO. 141) 

bqn(e/gjqgsgyaadqkstqnai{<l/n)gitnk (SEQ 1D NO. \42) 

l<fei fpktsswpn b (SEQ 1D NO. l 4 3) 

kg{n/s/£).i}pk!(n-'s)ksy(v/!)nnkgkevlvhvgvh (SEQ ID KO. 144} 

ksy(v/t);inkgkevlvh~·gvh (SEQ ID XO. 145) 

hkcnnecrn~'\•kP.gtydyykyseesk!nrekdgvl• {SEQ ID NO. 146) 

hkcnnec:r.esvk.r.gtydypkyseesl~ (SEQ ID NO. 147) 

hkcnnecmesvkngtydypk (SEQ ID 1"0. 143) 

hkcnoecmesvk (SEQ ID NO. 149) 

lmgkssfW<ir)n!lwlt(e-'g)knglypnlsks;ynn.l;,ek (SEQ ID NO. 150) 

hngkssfy(kfr)nllwit(eig)knglwnlsks )'\omk (SEQ ID KO. 151) 

1918, 

1918 

19l8;, 

1Yl8, 

1918, 

28,30,ll,35, 

28,30~31.35, 

35, 

35, 

1928, n, 

1928, 31~ 

192f, 31, 

1928, 31, 

!928~ 

1928, 31. 

59, 

.59, 

79_ 

79, 

T1 

i'"i 
.L.L, 

""if 
~ 

88, 9], 95, 98 

8S, 9!, 95, n 
98 

gs 

95 

95 

95 

96 

96 

95 

95 

95 

95 

95, 00 

95, 00 

~ 
~ -
~ 
·;_:;:; 

:: 

"' N 

~ 
:; 
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? 
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:: 
-..> 
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hngkssfy(kir)ollwlt(e!g)kngiypnlsk {SEQ lD NO. 152) 

ilngkssfy(k/r)nU\;,.it(e/g)k (SEQ !D NO. [53) 

kssfykrJ!w·ltek1.gb-'])fl.lsksyvn .. 11kekevlvhvgvh {SEQ ID KO. 154} 

knlli-vltek.11glJ·prJsks}'\T,r;kek~vh·h~'g'i.'h (SEQ ID NO. 155) 

knglypnlsks)'·nnkekevivlwgvh (SEQ ID NO. \56) 

ksy{ \'/a)onkekev(l/-)( v/-)l wgvh (SEQ ID 1' 0. ] 5 7) 

kesswpohMk {SEQ ID 1'0. 158) 

het(tln]kv1a<cpyagassfymllwlvkkensypklsksyvnnk (SEQ ID NO. i59) 

het(tfn}kgvtaacp:y.a52ssf_yrnl1\\'lvkkensypk1sk (SEQ ID NO. 160) 

kfeifpktsswpnevl\·l wgvh (SEQ ID NO. 161) 

kerswpkll (SEQ ID NO. 162) 

:';; klsksyvnnkekevlvlwqvh (SEQ lD NO. 163) 

knokekevMwqvh (SEQ !D NO. 164] 

h(kln)(g/q)kssfy(r/k)nllwltekng{lts)yp(no't)isksyannkek (SEQ ID NO. 165) 

h(kin)(g/q)kssfy(r/k)rulwltek (SEQ ID NO. 166) 

hakkssfyk (SEQ ID NO. 167) 

lmgklcrikgk (SEQ ID NO. I 68) 

byldnn(qfg)kk (SEQ ID NO. 169) 

hdiyt<leillnnrfq!qgvkltqgyk (SEQ ID NO. 170} 

kgngcfeifhk (SEQ lD NO. 171} 

klmliektndkyhqtek (_SEQ ID NO. 172) 

klm1iek:nrll<yh (SEQ ID NO. 173) 

kcbtdkgslsttk {SEQ ID NO. 174) 

kinng-dyaklyj\vgvh (SEQ ID NO. 175) 

192&, 31, 

i922, 31. 

1928, 31, 

l92S, " .di..· 

\928, 31~ 

1928, JL 51, 

\J28, 31. 

1930, 35 

1930, 35 

1930 

:1947, 51,52,55,56, 

1947~ 51 

i947 

1948 

J9d8 

1951, 

79, 82 

79~ 

79, 

57,59 

1951 52,.55,56,57,59, 79. 

89, 

89, 

95, 

95, 

95 

95 

95,2.Q, 

95.2§, 

95 

% 

% 

00 

0[.i 

00 

9" "> 00 

1956, G-0 

1956 

1956 

1956 

1956 

1956 

1956 
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b"gklcrkgiap!qlgk (SEQ JD NO. 176) 

hetnrq\1aacpyaga.'1sffrrJ~·Nlvkk-essypkJsk {SEQ ID f{Q. 177) 

hetnrqvtaacpy:2gansffmliv.·lvkkessypk (SEQ ID NO. 178) 

hpptstdqqslyqoa<laiofvgosk;m!u'k (SEQ ID NO. 179) 

hpptstdqqsly:qn2:riayffvgsskynrkfkpeia (SEQ ID NO. ! 80) 

hd i}Tdeaimrrfqiqgvkitqgyk (SEQ ID NO. i 81) 

h-qn-eggsgyaadqk..~qna~d~tnk"\TiS\1iefu-r::.ntqtavgk (SEQ ID NO. 182) 

hqneqgsgyaadqkstqnaidgitnk;nsviek (SEQ ID NO. 183) 

hqn-eqg.:.5)"aadqkstqr~aingitnkvnsvtek..•11ntqft:avgkefnklek {SEQ lD NO. 184) 

hngklcrlkgia?lq \gk (SEQ ID NO. 185) 

bkcP.riecrne5vk {SEQ JD NO. ! 86) 

;S: kfeifpka;sw;mli [SEQ ID NO. 187) 

h<lsnvlmiyokm~lrrmak (SEQ ID NO. 188) 

kvnsvikkmr1tqfaavgkefuh (SEQ ID 1\10. l 89) 

khngkkk (SEQ ID NO. 190) 

kk['"Gypkisksy!hnkgkevlvh~'g_-.,:h {SEQ ID NO. 191) 

kgtsypklsksytbnkgkevlvlv1gvb {SEQ ID NO. 192) 

klsks;thnkgkevlviwg;.•h (SEQ JD NO. 193) 

ksytbokgkev\vlwgvh (SEQ ID NO. 19~) 

kg-~tascshk (SEQ ID NO. 195) 

kg-vtascshkgrssfymth;.."! teknglypnlsk {SEQ ID ~ Q _ 19 6) 

kgnsypklsl<S)~Tinkekevlvlwgih (SEQ ID NO. !97) 

kefuhlek (SEQ ID NO. l 98) 

hpptstdqqslyqn2dayvf.•gsskynkkI1qJeiatrpk (SEQ lD NO. 199) 

195,, 5'2 

19-63, 81 

1%3 81 

19G3, 81 

;963. 81 

\97712, 

1977 

1977 

1979. 

1979 

1979 

1981 

)981 

1981 

198J 

1981 

i93J 

1981 

198 i 

1985,87 

1985,27 

1988 

1988 

1988 

9! 

91 

~ 
0 
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hpptst:iqqslyqn~<layvfi;g§h'}nkkfu (SEQ ID 1'~0- 200) 

hegkssfym[hvltekegsypk!kns)'"\'T,k (SEQ ID NO. 20 [} 

li<gkssfyrnllwltekegsypk (SEQ ID NO. 202) 

hkodnecrnesvmgtydypkyseesk {SEQ TD NO. 2D3j 

kesswpohtvtk (SEQ ID NO. 204) 

k.Jll\v]teknglypnlsksyvr1nkekeilvl,vgvh {SEQ ID NO. 205) 

lmg!mfy(k.'m)(n/-}llwlt(eig)(-/k)knglypn!sk (SEQ TD NO. 206) 

hngkssfyknHwltek {SEQ ID NO. 207) 

ht1/tkgvtascshr.igkssfytnll-•.'iltelu1glypnlsks}"'Th'1kekev]1,·hvg\•h (SEQ ID }fQ_ 2D8) 

ht\--t{k/ g)gv(tls )ascsbngkssf)'( 1.::/rr~}(n/-) U\-.·lt( efg)k(-nlk)gl yµn~sk (SEQ ID NO- 209) 

ht'iitkgvtascshngkssfykJ1lh,,·!tek (SEQ ID NO. 2l 0) 

kyvtstklrmvtglrni?siqsr_glfgaiag~eggi.vtgrr-id~'ygyh (SEQ ID NO. 211) 

bqr.ieqgsgyaadqk...c:tqn~ingltnkvnsiiekrri-.. 11~qfuYgk (SEQ ID NO. 212) 

h~neqgsgJ'ladqkstqnaingitnkvnsiiek (SEQ ID NO. 213) 

bq neqgsgyaadqkstqnaingitrJ k (SEQ ID NO. 214) 

hsgar•f;mllwivkkgnsypk (SEQ ID NO. 2 ! 5) 

hsgarsfymHv.·ivkkgnsypkln k (SEQ ID NO. 2 l 6) 

hsgarsf}mliwivkkgnsyp!<lnksytndk (SEQ ID NO. 217) 

hsgarsfymH',i.ivkkgnsypkL~ksytndkgk {SEQ JD NO. 2l 8) 

htvskgvttscshngk (SEQ ID NO. 219) 

katswpn netlk (SEQ ID NO. 220) 

kqvttscshnqk (SEQ ID NO. 221) 

kgnsypklnksytndkgkevlviwg-.•h (SEQ ID NO. 222) 

kJnksytndkgkevi viwgvh (SEQ ID );Q _ 223) 

193-S 

1991 

1991 

199! 

1991,92 

1991,92, 96 

l99i ,92, 96, 

1991.92, 96 

1995 

1995, 

1995 

1995 

1995 

1995 

1995 

1996 

1996 

1996 

1996 

i996 

!996 

19% 

19% 

1996 

00 

00 
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ksytrtdkgkevlviwgvh (SEQ ID NO. 22'-) 

hnqkssfymilwt(elq)kng!ypnlsksy(via)annkek (SEQ ID NO. 225) 

bpitigecpkyvrsak (SEQ iD NO. 22£) 

bqneqgsgyaadqkstqnair1gltnJ ... -i,mvtekJ> .. r:1tqftavgk (SEQ ID NO. 227) 

hqrr~gsg;-'2.::idq~qna]ng!trJ .. '1T.sviek (SEQ ID NO. 228) 

hngkssf}'mlhvltekng1ypn!sksyvnnk~k (SEQ ID NO. 22~) 

L I:Jl uenzz HJ N l \Vas respons;b!e for the hurr~an pandemic (glob-al distribution) of 191.8. 

2. Abbrevi~~~on for years: eg. "96" = 1996. 

3. T!l.e first year that a given Re;.·:liJ...in :appears js indicated at tJ1e beginning oftbe s-eries of yea.rs i:n •.-..•hich ~hat Replik:in has been fou .... 1d in this \~'ork.. 

4 . Overlapping Rev!ikin sequences are [isted separately. 

1996 

1997,98,99 

1997 

l99:S 

i998; 

1998 

5. Increase in nurnber ofne-r11 Replikin structures occurs in _vear.s o_r eplde;;lics (underlined-): eg. J9j8 and 1977 a11d c.orrelaies ·t~--l!h htcreas£d totai Replifdn concentraci-011 (nranber of 

Replfkfns per JOO c.niino acid residues). See Figure 7. 
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Table5 

Rep!i1::..in Sequences presen~ Lr. bem.2.gglurln:ins oflnf~nenza H2N2 viruses in yeG;rs 1957-2000 

khfekvkil?k (SEQ ID NO. 230j 

khHss;·khfekvk (SEQ ID NO. 231) 

b.:::(k/~.frrr)(dfn}El~kth'1gk (SEQ ID l'-10. 232) 

ha(kiqim)(d-'n)i!ek~h"gkk(kir) (SEQ ID XO. 233) 

hnvhplrigeq:iky·vksek (SEQ ID NO. 234) 

bp!tigecpkyvksok (SEQ ID NO. 235) 

khiissvkhfek··vkJ!p:k {SEQ lD NO. 236} 

krqssg]mktegtlencetkcqtp lgainttlpt"W.vh {SEQ ID NO. 23 7) 

kgsny:-....(v/i)ak(g!r}synI1tsgeqmlii\;,.'G(Vli)!:J (SEQ ID NO. 238} 

httlgqsra-:.av~gnp-sffrnm'i,.,,_.,..ltek~nyp•lak (SEQ ID NO. 239) 

kh fek~'k {SEQ ID i'fO. 240} 

k.iskrgssgi.mkLegti e'1cetkcqtp~g2.intt'.p!11 (SEQ ID NO. 241} 

krgssglmktegtle~ce(kcqtplga~nttlpili (SEQ ID NO. 242) 

ktegtler.;cflkLqtplgainttlpfh (SEQ ID NO. 243) 

kiskrg.ssgimk'"...-egtlencetkcqtplgainttipfh (SEQ ID 1\0. 244} 

ktegdencetkcqtp!gc~ntdpfun{v/I)b (SEQ ID NO. 245) 

kl~krgssglrrJ..Legtlencetkcqtplgainttl?fh (SEQ ID NO. 246) 

k(e'g)snypv.=::kgsyuntsgeqrr-Jii\'lg\'h {SEQ ID NO. 247) 

fnfluen7.a H2i\'2 Renlikin s l"+ear Detected in 1 n.fii~enm HZiV2 strain 

(f'e(d: i"n Figure 8: P] EJ 

19 57,53,59 ,60, 61,64,22,6S, 

I 957 5 &,59 ,60_.6 l, 

1957.53~9,60,61,64.65,6&, 

1 Y57 ,5 8~59, 60~6 I, 64,65, 68, 

1951,58;;9, 65,6S 

) 

78,83,34,91 

83,84,91 

7~,83,84,91, 95 

7g,83,g4~91, 95 

1957 5S,59, 22,6S,64,65,68,7S~83,84,91 

1957.5&,59,60,61,64,Q,2~68, 78 

1957, 59, 83. 

1957 .5 &,59, 61, 83, 91, 95 

1951 

1957, 59, 65 

1'>57, 59, 65. 91 

1957, 59~ Qi. 91 

1957, 59, 65, 91 

1957, 59, 65, 91 

1957 59, -65, 91 

1957, 59, 0~ 91 

J957, 60, 65 
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hpltigecpk1-~·ksek (SEQ ID NO. 248) 

krqtplgalktt1ptll {SEQ ill NO. 249) 

hhsnrlqgsgyaadke..=;tqka{ fli)dgltnl-. .... ,:ns•:iek-

-mntqfeavgklf(r/s)nlddeninkk (SEQ JD NO. 250) 

hsndqgsg-;aadkestqka( t}C)d~trJ .. ..., TISYiek-

-mT1.tqfeavgk1f(n/s}n]eklenL11kk (SEQ ID NO. 251) 

bsndqgsgyaadkestqka(f/i)dgirnk {SEQ ID NO_ 252) 

hdsnvrnlydkvrmqblnak (SEQ JD ?m. 253) 

hkcddecrrmsvlmgtyd ypkinrneikgvk (SEQ ID NO. 254} 

hkcddecmnsvbgtydypkJnmeik (SEQ ID NO_ 255) 

hkcddecmnsvkngtydypk (SEQ ID NO. 25-5) 

hkcodecmmvk {SEQ ID NO. 257) 

kgsnypva kgsynntngeqiiiiv.'gvh (SEQ ID NO. 258) 

hsndqgsgy-~dkestqk:avdgitnk"".nsviek:Tm:Lqfeavgk (SEQ ID NO_ 259} 

krgssgimktegtlenee"J<cqtplgaintllpih (SEQ ID NO. 250) 

hp!tigecpk]'vksek (SEQ ID NO. 26!) 

hakdilekthngklck (SEQ ID NO. 262) 

1957. 

1957 

j_ Irifluenza H 2N2 i.v~ responsible for the human ~r.;derric- { g!o bal distribution) of 19 57. 

2_ i• ... bb-revi-atlor.i for years: eg. "58" =I 958. 

60, 65 

65 

1961~ 65,68, 83,84 

196L §2, 68, 83~84 

1961, g 68, 83,~4 

1964, 68,76, &4,91 

1964,65,60,76, 83,84,91 

1954,65,68,76, 23~&4,91 

1964,~68,76, 83,8~_91 

1964,fil~68, 76~ 83,&4_.9 [ 

!976,78 

1976~ 91 

1976,78, 83,84 

l976 

1976 

3. n~e first year that a given Repiikin appears is ir:dic3:ted at the- b~-inniog of th-e series of yea'5 in \;,!hich tI:iat Rep[ikin h-as be-en found. in th Cs \'<'ork. 
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4. 

5. 

Overl:apµing Replikin sequences are listed separate1y. 

Increase. in numb-er of new Rep1ikln srructures. occurs in years of e;.-idemics (underlined): eg. l 9-57 zn-d 1965 and co.-r~iates 1,.i;'ith increased total Rep~W-jn cone.en trativr. (number -of 

RepHk.ins per 100 amino acid resEdu es)- See Figure S. 
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Table6 

H3N2 Replikln Sequen.ces present in H3N2 hemagg1ut1ni:;1s oflnfluenza -vir1:..>ses in ec:ch ye=;r fer \'<'hict :::::rnhJa ::;:c[<l sequences \Vere available (1968-2DOH} 

Jaflue.aza H3N2 Replikins-\'ear Detected in lnfln-enza H3N2 strain Influ-enza Rep!ikins: 

{Peak in Figure 8: P3 E3 

hdvyrdeclnmfqikgvelksgyk (SEQ ID NO. 263) 

htidltdsemnklfertrk (SEQ ID NO. 264) 

kfhqiek (SEQ ID NO. 265) 

ktnekJh(gl q)iek (SEQ ID NO. 266) 

klnr(v.•1)ielnnekfu (SEQ ID NO. 267) 

~ hqiekefsevegriqdlehy·vedtk (SEQ ID N 0. 268) 

kicnnphk (SEQ ID NO. 269) 

1968,ll: 

1968 

1968;72, 

!968 

1968,R 

1968,ll, 

75 

1i, 

75, 

1975 

1975 

77 

77 

klnrvikkrnekfil (SEQ ID NO. 270) 

hd(i,v)yrdealnmfqik(g/q)ve(r/k)s(q/g}yk (SEQ ID ;-;o. 271) 1975.76Jl. 

hqiekefsevegriqdiekyvedtk (SEQ ID NO. 272) 1975 

1975 kyved1kidlwsy=ellvalenqh (SEQ ID NO. 273) 

kyvkqnslklatgmmvpekqtrglfgaiagfiengwegmidgwygfrh (SEQ ID NO. 274) 1975 

kef~evegriqdlekyv-edtkidl\\'SJna-ellvalenqh (SEQ ID NO. 275) 

hqn( &.'e )( e/q)g( t's) g( q/y)aad(liq)k-

1975 

1975 

86 

86 

96,97,98 

96,97,98 

93 

97,98 

93 

-stq ( ,,..'n)a(iil)d( qlg)l(n·'t)(g/n)k{liv)n{ r/s )vi( e/c )k (SEQ ID NO. 276) 

hcd(g.'q)f(q,r)nekwd!f(v,/i)er(s/t}k (SEQ ID NO. 27T) l 97 5. 7 6 ,77.78, 80,81,82 ,83 ,84, 85 ,86,SB, 89 ,90,9 I ,92,93 ,94 ,95,96 ,97 ,% 

E4) 

2000 

2000 
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htidltdsemnkklfortrk (SEQ ID N 0. 278} 

ksgstypvlk·vtrnpnndnfdklyiwgvh (SEQ ID NO. 279) 

klnwltksgn.typvlnvtrripnndnfdkhiwgvh (SEQ ID NO. 280) 

htidltdsemnl<lfektrk (SEQ ID NO. 28 i) 

klnrliektnekfbqtek (SEQ ID NO. 282) 

htgkss;mrsdapidfcnsecit;:n1qsipndk'jlfqrrvnkitygacpk (SEQ ID NO. 233) 

htgkssvrnrsdapidfcnsecitpnqsipndkpfqnvnk (SEQ ID NO. 284) 

hpstdsdqtslyvrasgrvt\cstkrsqqtvipk (SEQ ID N 0. 285) 

kywdtkidlwsynaellvalenqh (SEQ ID N 0. 286) 

klfertrkqlrenaedmgngcfkiyh {SEQ ID NO. 287) 

~ krrsiksfurlnwlh (SEQ ID NO. 288) 

hpvtigecpk·y(v/r)kstk {SEQ ID NO. 289) 

kgnsypklsklsksyiinkkk.evlviwgih (SEQ ID NO. 290) 

klsklsks(v/y)iinkkkevhiwgih (SEQ ID NO. 29i) 

klsks(\•/y)iinkkkevhiwgih {SEQ ID NO. 292) 

1977, 

1977 

L Influenza H3N2 was responsible for tb.e human pandemic (global distribution) of 1968. 

2. ~4.bbreviation for ·years: eg. ~=77" = 1977. 

1982 

1986 

1987 

1994 

1994 

1994 

3. 

4. 

The first year that a given. Repli':.cin appears is indicated at the ~beginnii1.g of the series of years in 'rvhich that Replik.in bas been fow--id. 

Overlapping RepH.ki.n sequences are listed separately. 

1997,98 

1998 

1998 

2000 

2DOO 

2000 

2000 

.). Inc:rea.se in number of nev: Repli..l.ci.:n structures occurs i.ri ye::ns of epidemics ( u..rider lined) : eg. 19 7 5 and. correlates ,,,.i.;.J:i ~ncre2sed total Rep 1L1ci.n. concentration 

(number of RepEkins per 100 amino acid residues). See Figure 8. 
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f0140] Both the concconlration and type, i.e., con1position of Replikins 

observed, wc.rn found to relate to the occurrenct1 of influenza pandemics and 

epidemics. The concentration of Replikins in infl.ucnza viruses was examined by 

visually scanning the hcmagglutinin amino acid sequences published in the National 

5 Library of Medicine "PubMed" data base for influenza strains isolated world wide 

from human and animal reservoirs year by year over the past century, i.e., 1900 to 

200 l. These Rcplikin concentrations (number of Rcplikins per I 00 amino (lcicls, 

m.can +/ .. SD) were then plotted for each strain. 

10 f0141J 'I'he concentration of Replikins was found to directly rdale· !o the 

occuiTencc of influenza pandemics and epidemics. The concentration of Rcplikins 

found in influc1u;a J3 hemagglutinin and influenza A strain, HlNl, is shown in 

Figure 7, and the concentration of Replikins Jound in the two other common 

influenza virus A straine, B2N2 and H3N2 is shown in Figure 8 (H2N2, I-J3N2). 

15 The data in Figure 8 also clcn1onstnilc~ an emerging new strain of influenza virus as 

defined by its constituent Replikins (H3N2(R)). 

[0142) Each influenza A stn1in has been rcsponsibk for one panckrnic: in 

1918, 1957, and 1968, respectively. The data in Figures 7 and 8 show !foil at least 

20 one Replikin per 100 amino acids is present in e<lch (if the influenza hemagglutinin 

proteins of all isolates of the four common influenza viruses examined, suggesting a 

fimction for Rcplikins in the rn.aintcnance of survivnl levels of replication. Jn the 

1990s, during the decline of the H3N2 strain, there were no Rcplikins in many 

isolates of H3N2, but a high concentration of new Replikins appeared in I-l3N2 

25 isolates, which define the emergence ofthe H3N2(R) strain. 

[0143] Several properties of Rcplikin concentration arc seen in Figure 7 and 

Figure S to be C<Jrnm.on to all four influenza virus strains. First, the concentration is 

cyclic over the years, with a single cycle of rise and foll occurring over a period of 

30 two to thirty years. This rise lllld fall is consistent with the known W<lXing and 

waning of individual influenza virus st.min predominance by hcmaggl\ltinin inld 

ncuraminidase classification. Second, pe;ik Replikin concentrations of each 

influenza virus strain previously shown lo be responsible for a pandemic were 
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observed lo relate specifically and individually to each of the three years of the 

pandemics. For example, for the pandemic of 1918, where the influenza vims strain, 

H!Nl, was shown to be responsible, :l peak concentrntion of the Replikins in HlNJ 

independently ocnirn:d (Pl); for the pandemic of 1957, where H2N2 emerged and 

5 was shown to be responsible, a peak concontration of the Rcplikins in II2N2 

occmnid (P2); and for the pandemic of 1968, where HJN2 emerged and was shown 

to be the cause of the pandemic, a peak concentration of the Rcplikins in H3N2 

Oc<mrred (P3). Third, in the years immediately following each of the ubove three 

pandemics, the specific Replikin concentration decreased markedly, pcrhnps 

10 reflecting the broadly distributed immunity generated in each case. Thus, this post" 

pandemic decline is specific for HlNl innnediately following the pandemic (Pl) for 

which it was responsible, and is not a general properly of all strains at the time. An 

increase of Replikin concentration m influenza B repeatedly occurred 

simultaneously with the decrease in Rcplikin concentration in HIN!, e.g,, EBl in 

15 195 l and EB2 in 1976, both aswciatcd with influenza B epidemics having the 

highest mortality. (Stuart-Hards, ct al., Edward Arnold Ltd. (1985). Fourth, a 

secon<bry peak concentration, which c:xceeded tbc primary peak increase in 

concentration, occurred 15 yearn after each of the three pandemics, and this 

secondnry peak was accompanied by an epidemic: 15 years aflcr the 1918 pandemic 

20 in an HIN! 'epidemic' year (El); eight years after the 1957 pandemic in an lI2N2 

'epidemic' year (E2); and occurred seven years after the 1968 pandemic in nn HJN2 

'epidemic' year (E3). These secondary peak concentrations of spedfic .Replikins 

may reflect recovery of the strain. Fifth, peaks of each strain's specific Replildn 

concentrnti()n frequently appear to be associated with declines in Replikin 

25 concentration of one or both other strains, suggesting competition between strains 

for host sites. Sixth, there is an apparent overall tendency for the Rcplikin 

concenlrnlion of each strain to decline over a period of 35 years (H2N2) Vi GO years 

(influenza B). This decline cannot be ascribed to the influence of vaccines because 

it was evident in tlw cnse ofinfJuenzil. B frorn 1940 to 1964, prior to common use of 

30 influenza vaccines. In the case of influenY:a B, Rep Ii kin recovery from the decline is 

seen to occur after 1965, but Replikin concentration declined again between 1997 

and 2000 (Figure 7). This correlates with the low occurrence of influenza B in 

recent case isolates. HJ.NJ Replikin conccn!ration peaked in 1978-1979 (Figure 7) 
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together with the reappearance mid prevalence of the HlN I strain, and then peaked 

in 1996 coincident with an Hl NI epidemic. (Figure 7). HJ Nl Rcplikin 

concentration also declined between 1997 and 2000, and the presence of Ill N 1 

strains decreased in isolntcs obtained during these years. For H2N2 Replikins, 

5 recovery from a 35 year decline has not occurred (Figure 8), and this correlates with 

the absence of H2N2 from recent isolates. For H3N2, the Rep likin concentration of 

many isolates fell to zero during the period from 1996 to 2000, but other H3N2 

isolates showed a significant, sharp increase in Replildn concentration. This 

indicates the emergence of a subsl.rain of H3N2, which is designated herein as 

10 H3N2(R). 

[0144] Figures 7 and 8 demonstrate that frequently, a one to three yc;ir 

stepwise increase is observed before R<!plikin concentration reaches a pe<±k. This 

stepwise increase proceeds the occurrence of an epidemic, which occurs 

15 concurrently with the Rcplikin peak. Thus, the stepwise increase in concentration of 

a particul(tr strain is a signal that particular strain is the niost likely candidate to 

cause an epidemic or pandemic. 

(0145] Currently, Replikin concentration in the H3N2(R) strain of influenza 

20 virus is increasing (Figure 8, 1997 to 2000). Three similil.r previous peak increases 

in H3N2 Replikin conccntnition arc seen to have occurred in the H3N2-based 

pandemic of 1968 (Figure 8), when the strain first emerged, and in the H3N2-basecl 

epidemics of J 972 and 1975 (Figure 8). Each of these pandemic and epidemics was 

associated with excess mortality. (Ailing, ct al., Am J. Epidomiol., l 13(1 ):30"43 

25 (1981). The rapid <1scent in concentration of the H3N2(R) subspecies of the H3N2 

Rcplikin~ in 1997-2000, therefore, statistically represents an early warning of an 

approaching scv,~rc cpide1nic or pandemic. An H3N2 epidemic occurred in Russia 

in 2000 (Figure 8, E4); and the CDC report of December 2001 states that currently, 

H3N2 is the most frequently isolated strain of influenza virus worldwide. (Morbidity 

30 and Mortulily Weekly Reports (MMWR), Center for Disease Control; 50(48):1084" 

68 (Dcc,7, 2001). 
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f0.14ii} Jn cnch ca~o of influenza virns pandemic ()r epidemic now Rcplikins 

emerge. There has been no ob8crwrtion of two of the same Rcplikins in a given 

hemagglutinin in a given isolate. To what degree the emergence of a new Rcplikin 

represents mul:ntions versus tn1nsfcr from another animal or avian pool. is unknown. 

5 In some cases, each year one or more of the origimtl Replildn structures is 

conserved, while at the same time, new Rcplikins mncrgc. For example, in influenza 

vin1s B hemagglnlinin, five Replikins were constantly conserved between 1919 and 

2001, whcrei.1s 26 Replikins came and went during the same period (some rocurrecl 

after several years absence). The disappcanmco and n>omcrgoncc years later of a 

10 particular Replildn structure suggests that the Replikins rdurn from •mother virus 

host pool rather than through de novo rnutati()n.' 

[0147) In the case of HlNl Rcplikins, the two Rcplikins present in the Pl 

peak associated with the 1918 panckrnic were not present in the recovery El peak of 

15 1933, which contains 12 new Rcplikins. Constantly conserved Rcplikins, lhcrefore, 

are the best choice for vaccines, either alone or in combination. .However, even 

recently appearing Replikins accompanying one year's increase in concentration 

frequently persist and increase Jbrther for an adclitional one or more years, 

culminating in a eoucenlrntion peak and an epidemic, thus providing both an early 

20 warning and time to vaccinate with synthetic RcpliJdns (sec for example, HlNl in 

the early 1990's, Figure 7; sc;c also, for example, HSN! !995··2002, FlGtn<E 11, 

"Replildn Count" (number of Replikin~ per 100 amino aci.ds) refers to Rcplikin 

concentration). 

25 [0148] The data in FIGURES 7, 8 and 11 den1onstratc a direct relationship 

between the p1Tsence and com;cntration of a particular Replikin in influenza protein 

sequences and the occurrence of pandemics and q1idemics of influenza. Thus, 

analysis of the influenza virus horn agglutinin protein sequence for the presence and 

concentration of Rcplikins provides a predictor of influenza pandemics ;md/or 

30 epidemics, as well as a target tor inllucnza vaccine formulation. It is worth nothing 

again (sec lnlragraph [Ol 091) with reference to this data, previously, no strain" 

specific chemical structures were known with which to predict the strains that would 
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predominate in coming influen:ca sGasons, nor to devise annual mixtures of whole" 

virus slntins for vaccines. 

[0149] Similar to the findings of strai1H;pecific R<0plikin Count increases in 

5 the influenza group one to three yoars prior to the occurrence of a strain-specific 

epidemics, lh"1 inGrmise in .Replikin Count of the col\mavims nucleooapsi cl protein 

has also been identified. Replikin Counts of the coronavirus nnclcocapsid protein 

has incrcast1d as follows: 3.l (+1.8) in 1999; 3.9(±:!.2) in 2000; 3.9 (::cl.3) in 2001; 

and 5. J (±3.6) in 2002. This pre-pandemic increase supports the finding that a 

10 coronavinis is responsible for the n1rrent (2003) SARS pandemic. (Sec Table 7) 

[0150) Thus, monitoring Replikin structure and Replikin Coimt provides a 

means /or developing synthetic strain-specific preventive vnccinalion and antibody 

therapies against the l 9 l 7-1918 Goose Replikin nnd its rnodificd and accompnnying 

15 Roplikins as observed in both influenza and coronavinis strains. 

[0151] Figure 10 depicts the automated Replikin analysis of mtcloocapsid 

corona virus proteins lor which the protein sequence is available on isohttcs collected 

from 1962 to 2003. Each individual protein is represented by an accession number 

20 and is analy;-.ed for the presence of Rcplikins. The Rcplikin Count (number of 

H.eplikins per l 00 amino acid) is auto1mtlically <;;1lculatcd ns part of the autonmtod 

Replikin analysis. For ef1ch year, the mean (± Standard deviation (S.IJ.)) Replikin 

Count per year is automatically calculated for all Replikin Counts that year. This 

exampk of early warning of inc1w1sing replict\lion, before an epidemic, of a 

25 particular protein (the nuclcocapsid protein) in a particular virus strain (the 

coronavirus) is comparable to tho increase seen in st.rains of influenza virus 

preceding inJluerv;a epidemics and P'mdcmics (FIGURES 7, 8 and 11). It may be 

seen that the Rep!ikin Count rose from 1999 to 2002, consistent with Uw SARS 

coronavirus pandemic, which emerged ;1t the end of 2002 and has persisted into 

30 2003. Figure 9 provides a graph of th0 Roplikin Counts for several virus strains, 

including the coronavirus nuclcocapsid Replikin, from 1917 to 2002, 
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Table 1 
'l\·ln~tt-:=:..' ~-0 ·.of~ 

; Rep1il.Jn Seq;:.:ence R:tc-Etias: L'ntxateO ORGA....'"1S~,.~ J.~ 
· Le~,[th MortalltY ~ 

lli~ll!l1!2222222222 ~= 

1 2 3 4 5 6 7 8 9 0 t 2 3 4 5 6 7 8 g 0 1 2 3 4 5 -6 7 8 9 Amino .~cid posit-on -j_ 

· ,...,,_, . .,...,._ " ....,_,, ~ ' r--r• ~or ~ ~- · ;;;--· .... ¥~ 
...;:_ lil'i' .... u£.1,·"ZA, ,J..-:?-..S .11?·!D •JkHL~ • ..._.Oho,,•AJ·f;. 'JSi:.S ..,_, ~ 

l 917-1 & Gc-ose Repbkin (SEQ lD ,; 
k k g t s ~· p- k l s k s y t ~ n k g k e v l v ! •r,- g v h h 29 NO. 743} :f~ 

1918 Hurr,;m lnflue;iza {SEQ ID ~i 
Ii: k g t s y p k l s k s Y t n n k z k e -..: l v l -...v g v b h 29 2.5 NO. 744) qj 

1919-200! H!Ni, H1N2 (SEQ ID ! 
~ k e d l y p k t ~ k s v v h n k k k e v 1 v i ·,v g t b h 29- i NO. 745} ---- . -1 i 

l k e n s y p k ! r k s ~ i i n k k k e v l v i \V g i b b I r H3-N2lnftueriza(SEQIDNO. 74G) 

I 2001 H1N2 lrifl-:.ien:zz {SEQ ID NO. 
k k s t s y p k 1 s k s. y t n n k k k c y· 1 -..: l •J.' g v h 13 · 29 741) 

I 19Y6-2C>Jl H:Sf~! ir:J1uenn {SEQ 

k k n s a y p t I k r -5- v n n r n g e d l v i v..· -e- ~ h h . >37 ID NO. 7-48-} 
i 2{1{1(1 Huma."1: coronav~r.Js 229E 

k k S- 2: k t g t p k o -5. -r- n q s p il: s s q ~ s a k s ! :a fl 1 >37 (SEQ ID :\'0. ;94 )1 

I
; I 2003 C.s-r;cine c.JrOTI2:\oiru:;. (SEQ lD 

k k i g v d e k q q q r -5- k s k e r s n s k t r -d t ~ p >37 i "NO. i~s/· 
' I 

k n g 1 y p n l s k s y a n n k ~ k e ~-I l -...~· g v b h I 2g ] ] 2002 HlN2 (SEQ ID t~O. 749) 

. I .A. -o;,iar. bronchiIB co;-onav::.rus (SEQ 
! k k i r:: s D k f e s a- o:r· u d n e n 1 k r s G b 27 JD NO. 715) 

Porcine epid~c d!a-.hea 

k t E n a k l q r k k e k k r~ k r e t t l q q h 24 cor-onavirus (SEQ ID NO. 716) 
2003 Hum.an S A..ltS rt..ccleocap-3!d 

k IJ. d a y k ~ f p p t e p k k d k k k k 21 (SEQ ID 1-.tO. 1 ~1) 

1 Human coronavfrus 229E 2000, SEQ lD NO. 794: kksaf<tgtpk9srnqsµassqtsakslarsqssetkeqkh 

'Canine coronav;rus 2D03, SEQ ID NO. 795: kklgvdtekqqqrsrsks~ersnsktrdttpknenkh 
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2003- Hurr.zri. s.~ ..... ~s .spike pre-teiii-! k h r e f ~.· f k n k d :?. f ! y ~, y J.:: l 9 {SEQ ID NO. 7! !J ·---.:-r. ~ 
2-1}1)3 H::.:i:r.a.L s ......... rzs si:.:ke '!)I.;)te~.-,._,[ ~ e i d k y f k n h 

Ii (SEQ JD NO. 713) - . ;J; 
J0{!:3 Hu;:".f!an SARS s::::.ike pro-k:i~'. k v r "' l r h z k 

9 (SE lD NO- 719} J; 

2003 SARS en~·e1o;ie p.ro,ein {SEQ:j k k 2' a k l l h l~ 
9 55 ID I"-:'0. 72;)) , _[ 

. 2!l!J3 Buman SA.RS nu-cteocap~.d..-~ k h ; d a v k 
i 55 I rotein (SE-Q ID NO. 743} _.:f 

w 
~ 

'Jf 
B. OTHER VIRUSES, BAC1ERIA, MALAPJA AND CANCER J?.EPIJKINS ---------- - -----r--- -i 

: h I v c 2 k k 0 1 o i s 2 r k k I l!i ' HIV-TAT (SEQ ID NO. 613) I j ! Monkeypox ''irns (SEQ ID NO. k k i t n i ' t k f e q I e k c c k h , 19 i 721' 
! L_l<_k__!_ k k s l k 1 1 s f y h n k k ' _ I i African S'>line feveninJs (SEQ ID ! l 1 \ NO. 72?} 

k n r 
i e r l k k e y s s t w h I' ! -\Vest Nik Vin;s (SEQ JD NO. 16 172>} 

k s r 
g i p i k k g h . 

1
• N_ 'i?ah •irus, v-protein -{SEQ ID 

i 1 - 00. _?2<f) 
Her.<lra -;,.-UUs, \i-protein (SEQ ID ! k s r i mp k k 2 h l l NO. 725) 

-
10 Sindbis vilU5 (SEQ IDNO. 726) 

!kkflnq f k h h 

j 10 i i EEL Leukemia (SEQ ID 'NO. 85) i 
1kkkskk h k d k 

k h h n k d n 1 i k 
[ - -T BRCA-1 Bre<st oa.~c<r -(SEQ ID 

10 ' i NO . . SJ} k h k I k k f r a k 10 l ) Ovarian caw..er {SEQ ID 'NO. 84) k a " " a f 1 h k k i lo [>90% I Giioma ReplikCT {SEQ ID NO. S3] k i h I i s ,.- k k f 9 f _ f Sm~ox >irtlS (SEQ ID NO 727) 
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" k 1 i s i h e k 3 Smalloox ,.ir"' (SEQ ID NO. 723]. r 
B. arrthracis, R".TPase (SEQ IDJ; 

k l I ~ e h e k 8 ~1'°0. 729) ':=;~ 
Plasm. hiciparmn ATPase (SEQ;j{ 

k h k k i v k 8 ID NO. 75D) 'cf; 
'k k h a t v k 

k k e d d e k h 

[khkek ms k 

!k k r h e k 

k k r h e k 

I k k r h d k 

Ebola vfrus polymer.se (SEQ lD'.c· 
8 >9D~S XO. 730 ·:;~ 
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!s 
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r· p _ t"'a tcioa..-um b iood 1r01::·hozoite:::~l I {SEQ ID NO. J - ·..;· 
(K-P~'l.S 2B} lung cancer (SEQ lihl°! 

>90% NO. 731) \.i] 
! Rous sarcoma virus (SEQ ID NO .(J; 

48) 

ii ·i' c-src, colon, breas' cancer {SEQ rb-1· 
NO. 521 

r ~;~ 112 ~'.;"~~ colon cancer 1 
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SARS and H3N2-Fu.iian influenza virns replikius traced back to a 1918 
pandemic replikin 

[0152) The origin of the SARS virus is as yet unknown. We report evidence 

that certain SARS virus peptides can be traced back throngh homologous peptides 

in several strains ofinnuenza vim$ isolates frorn 2002 to a sequence in the strain of 

the 1918 influenw pandemic responsible for the deaths of over 20 million people. 

[0153] By quantitative :malysis of primary protein sequences of influenza 

vin1~ and other microorgm1ism~ recorded through the l:ist century we have found a 

new class of peptide structures rich in lysines and histidine, related to tho 

phenomenon of rapid replication itself and to epidemics, rather than to the type of 

organism (cg. Table l) and named tlwm Replikins. We have found a new cbss of 

15 peptide structures with the following obligatory algorithm: it( least two lysines 6 to 

J 0 residues apart, lysine concentration 6% or greater, one histidine, in 7 to 50 

amino acids. Because these peptides rc!ate to the phenomenon of rapid replication 

itself <lnd to epidemics, we named them Replikins. We hnvc found a quantitative 

correlation of slrain-·spccific rcplikin c:oncentrntion (rcplikin count "' number of 

20 replikins per JOO amino acids) in the homagglutinin protein with influenza 

cpidernics and pandemics (Figure 7). No previous correlation of inflnenza 

epidemics with strain-sped.fie viral protein chemistry lwvc boon roportcd. 

Conservation, condensation and concentration of replikin structure also has been 

found in influenza (cg. in Table 7n), HIV and ma!arht. Tho detection ofreplikins in 

25 SARS coromwirus, in addition to tracing its possible evolution, has permitted the 

synthesis of small SARS antigens for vaccines. 

[0154] We huvc found a quantitative correlation of strain-specific roplikin 

concentration (count) in the innucnza hemagglutinin proteins with int1ucnza 

30 epidemics and with each oflhe three pandemics of tlw last century, in 1918, 1957, 

and 1968. A similar course was observed for e;1ch of these three panckmics: after a 

slrnin-specific high rcplildn count, an immediate decline followed, then a 'rebound' 

increase with an accompanying epidemic occurred. Also, a 1 to 3 year warning 

increase in count preceded most epidemics. 

35 
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[0155] We found that the replikin in the hemagglutinin of an influenza virus 

isolated from a goose in 1917 (which we mlmed the Goose Replikin) apJ)\~ared in 

the noxt year in the HIN! strain of influenza responsible for the 1918 pandemic, 

with only two substitutions as fiJllows: kkg(t/s)sypklsksy(!/v)nnkgkevlvlwgvhh. 

5 Table 7i1 shows that the inOuonza 1917 Goose Replikin (GR) then was essentially 

conserved for 85 years, despite nni!tiple minor substitutions and apparent 

translocations to other inlhwnza strains. We have found that the 1917 influenza GR 

demonstntted appnrent mobility betwe"'n several inflnenw strains, appearing in 

HIN! (the pandemic of 1918), in H2N2 (pandemic of 1957-58), in H3N2 

10 (pandemic <lf 1968, epidemic in China :tnd Russia 2000, Ft\iian strain epidemic 

2003) and in HSN! (epidemic in China 1997). In 1997 its structure was reWlred in 

HlN2 exactly to its 1918 structure kkgssypklsksyvnnkgkev!vlwgvhh. 

[0156] The SARS coronavirus first appeared in the 2002-2003 influenza 

J s season. The dual origin in 2002 of SARS rcplikins, front influenza GR and 

coronavirus rcplikins (or from some unknown shared precursor) is suggested by tho 

following events, ~di of which occmred in 2002: l) a condens<ttion for the first time 

in 85 years is seen in the Cm_."HlN2 Replikin soquonce from 29 to 28 amino adds 

(Table 7a)(A sin1ilar condensation was found in H3N2 Fujian from 29 to 27 amino 

20 acids in the curront epidernic (Table '7f1)); 2) the rcplikin count of GR-HlN2 

showed a marked decline consistent with GR moving out of H1N2; 3) the replikin 

count of coronavirns nncleocapsid proteins showed i1 marked increase; and 4) 

SARS coronavirus appeared in 2002-2003 with rcplildns containing the following 

motifs: 'kkg' and 'Id\', previously seen in GR 1918 and GfZ+IlN2 2001; 'k-kk', 

25 'kk' and 'kl' seen in influenza GR-I-l1N2 2001; 'kl•' seen in the avian bronchitis 

coronavirus rcplikin; and 'kk-kk-k', 'k-k', 'kk', 'kl' and 'kf seen in the rqJlikin 

of porcine epid<;imic diarrh<;ia cororwvirus (Tabk 7a) (SARS is believed to have 

made its Jirst appearance in humans as the epidemic pneumonia which erupted in a 

crowded apartment house where there was a severe back-up of fecal sewf.tgc, which 

30 was then airborne by ventilating fans). 
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'tahl<\ 7 ''· 

Goose Replikin (GR) SN\IH'nc"s in tlifl'.,rcnl. inlluenza strains from 1917 to 2003; 

SA.RS a1ul ll3N2-Fujian appearance 2002-2003. 

Rcplildns .-elated to the Goosc.JleplikitE 
c:ontinuous an1ino acid sequences 
Slwred motif and/or position·- ~li8ii:1ii:il 
An1iil() 1~cid sub::;titutions--· ck~a;:{)~~~i~ground 
'(~ondonsecl1 indicates condens:1tion of acid~) 
s~qucncc length in HlN2 m1d l-l:JN2-Fujian 

gcJJlildu Virns or other otga11ism 
Length CQllt:liolng replikin 
(Number (Complete 1'cplikins 
of umin<) except for Fuji,m strain) 

754 27 
27 

756 
755 20 

14 
20 
14 

1)4 

11 
9 
9 
7 

11 
11 
10 
10 
10 
JO 
10 

9 

1917 HlN __ lnllumzn Goose ncplikin (GR) 
191.8 GR in HJNlHnm:m lnlluenia 
1958 GR H2N2 Influcnw 
1964, 1965, l 968 GR in H2N2 Influenza 
1976,'77,'80,'81,'85 GR in HlN1 lnfluenz" 
l 996"200 l GR in ll5N l Influenza 
1996 GRinH!NI hifh.ten~n 
1997,1998 GR.in HlNl lnflucnw 

1999 GR in HJN2 lnfluenza 
2000 GR in HlN2 Influenza 
2001 GR in HJN2 [nfluenza 

200 l GR in H1N2 lutlncnr.a 
2002 GR in lllN2 Intlucnza (c.011dcns<1d) 
2002-3 Ihmum SAllS nuclcocapsid l'rotdll 

1%8-200.I GR in H3N2 lnfh1011w (complete) 

1996 H3N2 Fujian Inflnm1za (Incomplete) 

2003 llJN2 Fuji~n(comknsed,incomple!c) 

J>orcine epidc1nic di\-:1,1xhea coronaviru$ 
Avian bronchitis ooronavirus 
2000 shrimp white spot syndrome viru~ 

Avian bronchitis coronavirus 

2()02"3 Human SARS spike protein 
2002,3 Human SARS nuclcncapsid protein 

2002-3 Human SARS spike protein 

2002-3 Humun SARS nuclcocapsid protein 

2002-3 l-lumnn SARS spike prNcin 
2002.<l l-luman SARS envelope protein 

201)2 .. 3 Human SARS spike prntein 
2002,3 Human SAP.S nueleocapsid protein 

Nipah vims, v"protcin 

Hcndrri virus, v"protein 
Sindbis virns 
EEL leukemia 
BRCA-1 bre'1st cuncci' 
Ovarinn cancer 
Glioma Rcp!ikin 
Srnallpox viru:-; 
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9 HIV TAT protein 
8 Smallpox virus 
8 !3.anthracis, l-IATPasc 
8 Ebola vin1s polymerase 

[0157] The recent increasingly high rcplikin count peaks of tho 1917 Goose 

R0plikin (Figuro 7), now in II1N2 (Tablo 7a), approaching the 1917 rcplikin count, 

could be a warning of a coming pandemic which may already have b<0gun since the 

10 SARS virns and the H3N2"Fujian virus are the current carriers of the short rcplikin 

derivatives of the Goose Replikin seen in Table 7 mid 7a to be associated with high 

mortality. 

[0158] Since the Goose Replikin has at least an 85 y<>ar history involving most 

15 ()r all of the A"slntins of inJluem;a arnJ SA.RS, it and its compon<>nts arc C()nserved 

vaccine candidates for pan-strain protection. Condensed short SARS replikins, 7 to 

21 amino acids long, enridi.ed in % lysine and histidine compared to tl10 Goos<:J 

Rcplikin, occurred in association with the higher 1.nortality rate of SARS (10-55%) 

when compared to that (2.5%) of the Goose Rcplikin, 29 amino acids long. Short 

20 replikins here mixed with long replikins in SA.RS may be responsible for high 

mortality. This is also the case for replikins of oth<>r organisms such as the cbola and 

snutllpox viruses and :lntlmix bacteria (Table 7a). These short SARS replikins 

showed surprising homology with short rcplikins of other organisms such as 

smallpox, anthrax, and cbola which are associated with even higher untreated 

25 rnortality rates (Table 7a). 

[0159] Short synthetic vaccines, besides being much more rapidly produced 

(days rather than month~). and for less expensive, should avoid the side effects 

attendant on the contamination and the immunological interfrn·encc eng<>nderecl by 

30 multiple epitopes of 1housands of undesired proteins in cmwnt whole virus vaccines 

in g<>neral. In any C<lSC for influenza, current whole virus vaccines are ineffective in 

moro than half of the ekkrly. But would short replikins be sufficiently 

immunogcnic? The short glimnn replikin 'ka.gvaflhkk' proved to be a suc<><>ssfi.11 

basis for a sy11thetic anti-glioblastoma multiforn1e and anti"bronchog<>nic carcinoma 

35 vaccine. It prodtwed anti"malignin antibody, which is cytotoxic to cancer cells a1. 
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picograms/c.ell and rd<Jtcs quantitatively to the survival of cancer patients. In <Jrdcr 

to prepare fi:Jr <l recurrent SARS attack, which appr;,ars likely because of the surge we 

found in the coronavi111s nucleocapsid nip Ji kin count in 2002, W c sy:nthosizcd four 

SARS short rcplikins, found in nucleocapsid, spike, and envelope proteins. We 

s found that these synthetic short SARS replikins when injected into rabbits itlso 

produced abundant specific antibody. For example, the 21 amino acid SARS 

nuclcocapsicl replikin antibody binds at dilutions greater than I in 204,800. Because 

of previous unsuccessful attempts by others to achieve with various small peptides a 

strong immune response without the unwanted side effects obtained with a whole 

JO protein or tlw thousands of proteins or nucleic acids us in smallpox vaccine, the 

ability of small synthetic replikin antigens to achieve strong immune responses is 

significant for the efficacy of these SARS vaccines. 

[0160) We oxarnined the rolatk>nship of Rcplikin structure in influenza imd 

15 SARS viruses to incrnascd mortality, with resnlls as shown in Table 7 Tho relation 

of high mortality to short or condensed Replikin sequences is seen in the high 

mortality 01og<misn1s shown in Section B of Table 7, in viruses other than influenza 

and SARS, and in bacteria, malaria and cancer. In rnpport of tho unifying concept 

of Replikin structure and of tho relation of R.eplikins to rapid replication rather than 

20 any cell type or infectious organisn1, in nddition to the prevalence of the basic 

Replikin s1:rncture in a broad range of viral, bacterial, malarial and cancer organisrns 

in which replication is crucial to propagation and virulence, the following 

homologous sequemies have been obsNvec\: note the "k"s in positions l and 2, note 

the alignment of "k"s as they would present to DNA, RNA or other receptor or 

25 ligand for incorporation or to stimulate rapid replication, note the frequency of 

"double k"s and "multiple k"s , note tho frequency of "g" in position 3 and the 

occurrence of the triplets "kkg", "hek", "hdk" and "hkk" in the most condensed 

shortened Replikins associated with the highest mortality organisms, cnncer cells 

and genes as diverse as tho s111allpox virus, the anthrax virus, Rous sarcoma virus 

30 and glioblastomo multiforme (glioma), c-src in colon and breast cancer, and c .. yes in 

melanoma and colon cancer. Note also the almost identical Replikin structure for 

two recently emerging high mortality viruses in Australia and Southeast Asia, Nipah 

and Honclrah viruses. These two viruses arc;: reported to have similar or identical 
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antibodies f(1rmed against them but no structural basis lws been known for this up 

till now, with our finding of their two almost identical Replikins, for this similar 

antibody. Table 7 <llso shows the relationship of five SARS Replildns of 2003 

whfoh we hove found both to the influenza Goose Replikin of 1917 and to two 

5 coronaviruscs, the avian bronchitis coronavirus f1nd the porcine epidemic diarrhea 

virus. The first 2003 human SARS Replikin in 'fable 7 shows wrtain sequence 

homologies to the influenza virus goose 1917 and Jmman 1918 Replikins through an 

intermediary strncturc of influenza III N2 in 2002 (e.g., see Replikin "k" in positions 

1, 18 and 19). The 1917 Goose Replikin sequence is seen in 'l\1ble 7 to have been 

JO largely conserved despite many substitutions in amino acids which arc not crncinl to 

the definition of Replikins through 1999 (substitutions arc show in italics). The 

origin<tl 29 arnino acid 1917 lZcplikin sequence was then found to have been almost 

exactly restored to its structure of 1917-1918 in the 2001 H1N2 Replikin. Howewr, 

the 2002 HI N2 influenza Rcplikin has been shortened from 29 to 28 amino ncids 

15 and the "shift to the Jdt" of an1ino acids Jrnvl(i/v)wg (v/i)hh is clearly evident. Jn 

200'.l, one Replikin was farther shortened (or compacted) lo the 21 amino acid 

Rcplikin of tho first listed 2003 human SARS virus. The 'Yc, k of tlm 2003 SARS 

Rcplikin is now 38.1 % (8/21) in co111pi1rison lo 20.7 % oftl1e Goose Rcplikin and 

tho 1918 Human Pandemic Replikin. Compared lo the influenza 29 amino acid 

20 Replikin, three SARS Rcplikins were found to be further shorl.cned (or compacted) 

to 19, 11 and 9 amino acid long sequences, respectively. In the SARS 9 amino acid 

sequences shown, the % k is 44.4% ( 4/9). With tho shortening of tho SARS 

Replikin, the SARS mortality n1te in humans rose to 10% in the young and 55.5 % 

in the elderly compared to the 2.5 % mortality in the 1918 influenza pandemic. 

25 

[0161] The amino acid sequences are shown in Tabla 7 to emphasize the 

degree of homology and conservation for 85 years ( l 9 l 7"2002) of the influenza 

Replildn, for which evidence has first been observed in the 1917 Goose Replikin. 

No such conservation has over been observed before. Table 7 <llso illustrates tlrnt 

30 the Replildns in the 2003 human SARS virus, in addition lo lmving homologies to 

the influenza Replikins which first appeared Hs the 1917 Goose Replikin and the 

1918 Human Pandemic inl1ucnw Replikin, show certain sequence hornologies to 

both the coronavirus avian bronchitis virus Replikin (e.g. "k" in positions 1 and 2, 

67 



WO 200~/010032 PC'f/US2004/0 l 7•>J<• 

end in "h") and to the coronavirus acute diarrhea virus Rcplikin (e.g. "k" in positions 

1 and 11, "h" at the end of the Rcplikin). This <evidence of relation to both influenza 

and corona virus Replikins is of interest because SARS arose in Hong Kong as did 

several recent influcnw epidemics and earlier pandemics, and the SARS virus has 

5 been classified as a new coronavirus partly because of its structure, including 

nucleocapsid, spike, and envelope proteins. Certain epidemiological evidenc<J also 

is relevant in that SARS made its first appearance in humans iw the epidemic 

pneumonia, which erupted, in a crowded Hong Kong apartment house where there 

was a severe bi1ck-np of fecal sewage, which was airborne by ventihiling fans. 

IO 

[Ol 62] Con1position of Replikins in Strains of Influenza Virus B: Of a total 

of26 Rcplikins identified in this strain (Table 3), the following ten Replikins are 

present in every influenza B isolate examined from 1940-·2001. Overlapping 

Rcplildn sequences arc listed separately. Lysincs and hi,tidinos mo in bold type to 

15 demonstn1te bo1nology consistent with the "3-poinl recognition." 

20 

kshfanlk (SEQ ID NO. l 04) 

kshfrmlkgtk (SEQ ID NO. l 05) 

bbfonlkgtk.trgklcpk (SEQ ID NO. 106) 

hekygglnk (SEQ ID NO. 107) 

hekygglnksk (SEQ JD NO. 108) 

hekygglnkskpyytgchak (SEQ ID NO. 10) 

hakaigncpiwvk (SEQ lD NO. 110) 

hakaigncpiwvvkklplldangtl( (SEQ ID NO. 111) 

hakaigncpiwvktplklangtkyrppak (SEQ JD NO, J 12) 

25 lrnkaigncpiwvklplklm1gtkyrppakllk (SEQ ID NO. 113) 

· [0163] Tables 3 and 4 indicate that them appears to be much greater stability 

of the Replikin structures in intlucm.a B hcmagglutinins compared with H.lNJ 

Replikins. Influenza B has not been responsible for ;my pandemic, and it appears 

30 not to have an w1imal or avian reservoirs. (Stuart-Harris et al., Edward Arnold Ltd., 

London (1985)). 
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[0164] Influenza H!Nl Replikins: Only one Rcplildn "bp(v/i)tigccpkyv" 

(r/k)(s/t)(t/a)k" is present in every HlNl isolate for which sequences are r1w1ilable 

from l 9 l 8, when the strain first appeared and caused the pandemic of lhal year, 

through 2000. (Table 4). ("(vii)" indicates that the amino acid v or i is present in the 

5 same position in different years.) Although HIN! contains only one p(:rsislcnt 

Rcplikin, H!Nl 11ppe11n; to b(' more prolific than influenza B. There arc 95 diftbront 

Replikin stn1cturcs in 82 years on HIN! versus only 31 different Replikins in 62 

years of influenza B isolates (Table 4). An increase in the rnunber of new Replikin 

structuws occurs in years of epidemics (Tablcs 3, 4, 5 and 6) and correlates with 

10 increased total Replikin concentration (Figures 7 and 8). 

[0165] Influenza H2N2 Rcplikins: Influenza H2N2 waB responsible tor the 

human paudemic of l 957. Three of the 20 Rcplikius identified in tlu1l slntin for 

1957 were conserved in each of the H2N2 isolates HVailablc for examination on 

15 PubMcd until 1995 (Tabkl 5). 

20 

25 

[OHi<i] 

ha(k/q/m)(d/n)ikkthngk (SEQ ID NO. 232) 

ha(k/q/m)(cl/n)ileklhngklc(k/r) (SEQ JD NO. 233) 

kgsnyp(v/i);1k(g/r)synntsgeqniliiwq(v/i)h (SEQ ID No. 238) 

However, in contrast to H.l Nl, only 13 additional Replikins have been 

found in H2N2 beginning in 1961. This paucity of appearance of new Rcplikins 

correlates with the decline in the concentration of the H2N2 Rcplikins and the 

appcanmce of H2N2 in isolates over the years. (Figure 8). 

[0167] Inflnenz~t H3N2 Rcplikins: Influenza H3N2 was responsible for the 

huJJtan panclornic of 1968. Five Rcplikins which appeared in 1968 disappeared after 

1977, but reappeared in the 1990s (Table 6). The only Roplikin structure which 

persisted for 22 years was hcd(g/q)l{q/r)nekwdltrv/i)or(s/l)k, which appe<lrod first in 

1977 and persisted through 1998. The emergence of twelve new H3N2 Replikins in 

30 the nlid 1990s (Table 6) correlates with the increase in Rcplikin concentration at the 

same time (Figure 8), and with tho prevalence of the H3N2 strain in recent isolates 

together with the concnrrent disappeuranco of all Rcplikins from some of these 

isolates (Figure 8), this suggests the emergence of the new substrain l-1"3N2(R). The 
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cw-rent epidemic in November - December 2003 of a new strain of H3N2 (F•\\iian) 

confirms this prediction made first in the Provisional Application US 60/303,396, 

filed July 9, 2001. 

[0168] Figures 1 and 2 show that influenza epidemics and pandemics correlate 

with the increased concontratic1n of Roplikins in influenza virus, which is due to the 

reappearanrn of at least one Rcplikin from one to 59 years after its disappearnnce. 

Also, in the A st.rain only, there is an emergence of new strain-specific Replikin 

composition:; (Tables 4-6, sec also increuso in number of new Replikins, pre. 

JO epidemic for HSN! in Figm·" 11). Jncre;t$e in Rcplikin concen!ration by repetition 

of individual Replikins within a single protein appears not to occur in influenza 

vin1s, but is se:c;n in other 01-g<misms. 

[0169] It has been believed that cln1nges in the activity of different intlucnza 

15 strains arc related to sc:quoncc changes in influon;;a hemagglutinins, which in turn 

arc the products of substitutions effected by one of two poorly understood processes: 

i) antigenic drift, thought lo be clue to'the accumulation ofa series of point mutations 

in the h1;miagglutinin moloculo, or ii) antig<:mic shift, in which the changes are so 

great that genetic rcassortment is postulated to occur bdween the viruses of human 

20 and non-ln1rnm1 ho~ts. First, th0 present data suggests that the change in activity of 

difforent influc;nza strains, rather than boing related to non-specific sequence 

changes, are b:1sed upon, or relate to the increased conc<:,ntration of strnin··specific 

Replikius and strain-speci fie increases in the replication assodakd with epidemics. 

Jn addition, the data wero examined for a possible insight into which sequence 

25 changes arc due to "drift" or "shif.l", and which are due to conservation, storage in 

reservoirs, and reappearance. The data show that the cpidemic-relatecl increase in 

Replikin concentration is not due; to tho duplication of existing Replikins per 

hcmagglutinin, but is due lo the reappearance of at least one R.cplildn composition 

from I to up to 59 yem·s after its disapp(oarance, plus in the A strains only, the 

30 emergence of new strain-sp"'cific. Rcplikin compositions (Tab!<:Js 3-6). Thus the 

increase in Replikin concentration in the influenza B cpid(Jmics of l 95 J and l 977 

arc not associ;1tcd with the emergence of new Replikin compositions in the year of 

the epidemic but only with the reappearance of RepJikin compositions which had 
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appeared in previous years then disappeared (Table 3). Jn contmst, for the A strains, 

in addition to t!rn reappearance of previously disi!pp<Xtred virns Replikins, new 

compositions appear (e.g. in HlNl in the year of the epidemic of 1996, in addition to 

the reappc:mmce of G cnrlic.r Rcplikins, J 0 new compositions emerged). Since the A 

5 strains only, not inllmmza B, have access to non-lrnman aninwl and avian reservoirs, 

totally new compositions probably derive from non-human host reservoirs rnther 

than from mutations of existing hurnan Rcplikins which appear to bear no 

resembl11nce to the new compositions other than the basic requirements of "3-point 

recognition" (Tables 2-5). The more prolific nature of HI NI compared with B, and 

lO the fact that pnndemics have been produced by the three A stniins only, but not by 

the B strain, both may also be " function of the ability of the human A strains to 

receive new Replikin cmnpositions from non-hmmm viral reservoirs. 

[O.l 70] Some Replikins have appeared in only one year, disappeared, and not 

IS reappeared to date (Tables 3-6). Other Replikin$ disappear from ono to up to 81 

Y''ars, when the .identical Replikin sequence reappears. Key Replikin 'le' and 'h' 

amino acids, and the spaces between them, m·e conserved during the constant 

presence of parlicular Rcplikins over many years, :1s shown in Tables 2 and 3-6 for 

the following strain-specific Replikins: ten of influenza B, the single Rcplikin of 

20 H.IN l, and the single Rcplikin of H3N2 <ts well as for the reappearance of identical 

Replikins <lfter an absence. Despite the marked replacement: or substitution activity 

of other amino acids both inside the Replikin structure and outside it in the rest of 

the hemngglutinin sequences, influenza Replikin histidine (h) appearn never to be, 

<tnd lysine (k) is rarely replaced. Examples of this conse1vation arc seen in the 

25 H1Nl Replikin "hp(v/i)tigecpkyv(r/k)(s/t)(tla)k," (SEQ lD NO. 135) constant 

between 1918 and 2000, in the H3N2 Rcplikin ''hccl(g/q)J\q,r)nekwcllf{v/i)c;r(s/t)k" 

(SEQ JD NO. 2T/) constant between 1975 and 1998 and in the l-I3N2 lZc:plikin 

"hqn( s/c )( e/ q)g( tis )g( q/y )aacl(l/ q)kstq( a/n)a(i/l)d( q/ g)I( n/t)(g/n )k,(l/v )n(r/s) vi( el c )k" 

(SEQ JD NO. 276) which first Hppe<1red in 1975, disappeared for 25 years, and then 

30 reappeared in 2000. While many amino acids were substituted, the basic Rcplikin 

structure of2 Lysines, 6 to lO residues apart, one histidine, a minimtnn of 6% lysine 

in not more than approximately 50 mnino acids, Wils conserved. 
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(Ol7l] Totally ntndo.m subslilution would not pern1it the persistence of thes(; 

HINl and H3N2 Replikins, nor from 1902 to 2001 in influenza B the persistence of 

10 Rcplikin strl1cturcs, nor the reappearance in 1993 ofi1 1919 !8mer lZcpJildn aJkr 

an absence of 74 years. I:Zather th<ln a random type of substitution, the constancy 

5 suggests an orderly controlled process, or in the least, protection of the key Replikin 

residues so that they are fixed or hound in some way: lysincs, perhaps bound to 

nucleic acids, and histidines, perhaps bound to respiratory redox enzymes. The 

1nechanisms, which control this conservation, ~ire at present unknown. 

10 CONSERVATION OF REJ>LIKJN STRUCTUHES 

[0172] Whether Rcplikin structures arc conserved or are subject to extensive 

natural mutation also wa~ examined by ~canning the protein sequences of various 

isolates of foot and mouth disease virus (FMDV), where mutations in proteins of 

these vin1ses have been well documented worldwide for decades. Protein sequences 

15 of FMDV isolates were visually examined for the presence of both tho entire 

Replikin ;ind oach of the component Rcplikin amino acid residues observed in a 

particular Rcplikin. 

llll73] Rather than being subject lo extensive substitution over time as occnrs 

20 in neighboring amino acids, the amino acids which comprise the Rcplikin structure 

are s\ibst:itut()d little or not ;1t all, that is the P.cplikin structure is conserved. 

[0174] For example, in tho protein VP! of FMDV typo 0, the Replildn (SEQ 

J.D NO.: 3) "hkqkiwljwk" was .found to b~ conserved in 78% of the 236 isolates 

25 reported in PubMcd, and each amino acid was found to be conserved in individual 

isobtcs as follows: his, 95.6%; lys, 91.8%; gin 92.3'%; lys, 84.l %; ile, 90.7%; val, 

9l.8%; ala, 97.3%; pro, 96.2%; ala, 75.4%; and lys, 88.4%_ The high rate of 

conservation suggests structural and functional stability of the Replikin structure <ind 

provides constant: targets for treatment. 

30 

(0175] Similarly, sequence conservation Wi!S found in different isolates ofHlV 

for its Rcplikins, such as (SEQ ID NO.: 5) "kcfocgkegh" or (SEQ ID NO.: 6) 

"kvylawvpnhk" in HIV Type I and (SEQ ID NO.: 7) "kcwncgkegh" in HJV Type 2 
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(Table 2). Further examples of sequence conservation wen~ found in the HIV lat 

proteins, such as (SEQ ID NO.: 613) "hclvckqkkglgisygrkk," wherein the key lysine 

and histidine amino acids are cOn$ervcd. (Sec Table 8). 

5 [0176] Similarly, sequence conservation was observed in plants, for example 

in wheat, such as in wheat ubig11itin activating onz.ymc E (SEQ ID NOs. 614-616). 

The Rcplikins in wheat even pr()vided a reliable. target for stimulation of plant 

growth ns described within. Other examples of conservation are seen in the constant 

presence of malignin in successive generations, over ton years of tissue culture of 

JO gliorna cells, and by the constancy of affinity of the glioma J.<.oplikin for 

antimalignin antibody isobted by irnmunoadsorption from 8,090 human sera from 

the U.S., U.K . ., Europe and Asia (e.g., Figure 5 and U.S. Patent 6,242,578 Bl). 

[0177] Similarly, conservation was observed in trans-activator (Tat) proteins 

l 5 in isolates of HJV. T;~l (tnms-activator) proteins are emoly RNA binding proteins 

regulating kntiviral transcription. These proteins are necessary components in the 

life cycle of all known lcnt:ivirases, such as the human immw10deficicncy viruses 

(HIV). Tat is a transcriptional regulator protein that acts by binding to the trans .. 

activating response sequence (TAR) RNA element and activates transcription 

20 Initiation and/or elongation from the LTR promoter. HJV cannot replicate without 

tat, but the chemical basis of this has been unknown, In the HIV tat protein 

sequence from 89 to 102 residues, we have found a Rcplikin that is associated with 

rapid replication in other organisms. The amino acid sequence of this Roplikin is 

"hclvckqkkglgisygrkk." In fact, we found that this Rcplikin is present in every I-UV 

25 tat protein. Some tat amino adds are substituted frequently, as shown in Table 9, by 

alternate amino acids (in small size fonts lined up below the most frequent amino 

<lGid (Table 8), the percentage of conservation for the predominant Replildn 

"hclvcl'qkkglgisygrkk"). These substitutions have appeared for most of the 

individual iunino acids. However, the key lysine and histidine amino acids within 

JO the Replikin sequence, which define the Replikin structure, are conserved 100% in 

Ow sequence; while substitutions arc common elsewhere in other amino acids, both 

within and outside the Replikin, none occurn on these key histidine mnino acids, 
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[0178) As shown in Table 8 it is not the case that lysincs arc not substituted in 

the tat protein <lmino acid sequence. From the left side of the table, the very first 

lysine in the immediate neighboring scqtwncc, but outside the Replikin sequence:\ 

and the second lysine (k) in the sequence inside the Replikin, but "extra" in that it is 

5 not essential for the Replikin fonm1tion, itrc both substituted frequently. However, 

the 3rd, 4th <iml 5th lysines, and the one histidine, in parentheses, which together set 

up the .Replikin stmcturc, are never substituted. Thus, these key i1mino acid 

seqnenccs aro 100% conserved. As observed in the case of the influenza virus 

Rcplikins, random substitution would not permit this scled:ive substitution and 

10 selective non·substitution to occur due to chance. 
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Table 8 

'X. Rcplikin CONSERVA'flON of each coustituent amino acid in t:he first 117 

different isolates of HIV fat protein as reported in Pub Med: 

08(101)).57 86(100)(101)) 6676(100) 99 5749 (100) 9,1 (100) 97 98 S5 97 99 (100)(100)(100)% 

Neighboring 
Amino acids tat Rcplildn 
k (c) s y ((h) (c) I v (c) f <] k (k) g (I) g i s y g (r) (k) (k)) 

below arc the amino acid s11bsHt11t.ions obscncd for each amino acid above: 

h c f q i h t a a I y It q ,. wp I I j h q v 
y s 8 I Ill r ,,, 

s Ill s 
s r II 

v 

fl 

f 
p 
q 

[0179) Tho conservation of the Replikin structure suggests that the RepliJd11 

structure has a specific survival fi.mction for tho HJV virus which must be preserved 

and cons<:rved, and ca11not be sacrificed to tho virus 'defense' maneuver of amino 

acid substitution created to avoid antibody and other 'attack.' These 'defense' 

fonctions, although also essential, cannot 'compote' with the virus surviVHl fonction 

30 ofHJV replic<ition. 

35 

[0180] Further conscrv<llion was observed in different isolates of HIV for its 

Rcplikins such as "kcfocgkegh" (SEQ JD NO. 5) or "kvybwvpahk" (SEQ ID NO. 6) 

in HIV Type I :ind "kcwncgkogh" (SEQ ID NO. 7) in HIV Type 2. 

[0181] The high rate of conservation observed in FMVD and .HIV Rcplildns 

suggests that conservation also observed in the Replikins of influenza Rcplikins is a 

general property of viral Rcplikins. This conse1vation makes them a constant and 

reliable targeted .for either desttuclion, for example by using specific Replilcins such 
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as for influc1w.a, FMVD or HIV vaccini::s as illustrated for the glioma Replikin, or 

stimulation. 

[0182] Similarly, as provided in examples found in viruses including in!luenza 

5 viruses, FMDV, and HIV, where high rates of conservation in Replikins suggest that 

conservation is a general property of vi.ral Replikins and thus making Replikins a 

constant and reliable target for destruction or stimulation, consorvntion of Replikin 

strudures occurs in plants. For eX<nnpk1, in wheat plants, Rcplikins arc comerved 

and provide a reliable target for stimulation. Examples of conserved Replikins in 

lo whent plants ubiquitin activating enzyme E include: 

15 

E3 hkdrltkkvvdiarevakvdvpeyrrh (SEQ ID NO. 614) 

E2 hkcrldrkvvdvarevakvevpsyrrh (SEQ JD NO. 615) 

El bkerldrkvvdwrevakrncvpsyrrh (SEQ JD NO. 616) 

[0183] Similarly to conservation found in the HIV tat protein, the Replikin in 

the wheat ubiquitin <tdivaling enzyme E is conserved. As with the 1-UV lat protein, 

substitutions of amino acids (designated with <In'*') adjacent to the Rcplikin variant 

forms in wheat ubiquitin activating enzyme E are common. The key k and h amino 

acids that form the Rcplikin stn1cturo, however, do not v;1ry whereas the 

20 'unessential' k that is only 5 amino acids (frmn the first k on the left) is sub:;titutcd. 
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ANTI-RJ<:PLIJ(lN ANTlHODJES 

[0184] An anti-Rcplikin antibody is an nntibody against a Rcplikin. Dat<1 on 

anti-Replikin antibodies also support Rcplikin class nnity. An anti-Rcplikin 

antibody response bas been quantified by i1nmunoadsorption of scrum antimalignin 

5 antibody to imn1obilizcd malignin (sec Methods in U.S. Patent No. 5,866,690). The 

abundant production of antimalignin antibody by administration to rabbits of the 

synthetic version of the 16-mer peptide whose scqt1encc was derived from malignin, 

absent carbohydrate or other groups, has established rigorously that this peptide 

aJonc is an epil:opc, that is, provides a sufficient bitHis f(lr this immune n;;sponsc 

10 (Figure 3). The 16··me1~ peptide prodt1ced both IgM and lgG forms of the antibody. 

Antimalignin nntibody was found to be increas\1d in concentration in serum in 37% 

of 79 cases in the U.S. and Asia of hepatitis B and C, early, in the first five years of 

infection, long before the usual observance of liver cancer, which develops about 

fifleen to twenty.five years after infection. Relevant to both infectious hepatitis and 

15 HIV infections, transfonned cells may be one form of sitfe haven for the virus: 

prolonging cell life and avoiding virus eviction, so that the virus rcnrnins 

inaccessible to anti-virnl treatment. 

[0185] Because adminisl.ration of Roplikins stimulates the irnnrnne system 

20 toproduce antibodies having a cytotoxic effect, peptide vaccines based on the 

particular infltwnza yirus Rcplikin or group of Replikins observed to be most 

concentrated over a giwn time period provide protection against the particular stntin 

of influenz<t most likely to cause an outbreak in ft given influenza season., e.g., an 

emerging stn.rin or re-emerging strain For oxrunpk, analysis of the influenza virus 

25 hemagglulinin amino ;1dd sequence on a yearly or bi-yearly basis, provid% data 

which are useful in l:i:inm1h1ting a specifically targeted influenza vaccine for that 

year. It is understood that such analysis may bo conducted on a !'<lgion-"by-region 

basis or at any desired time period, so that stniins emerging in different <Jreas 

throughout the world can be detected and specifically targeted vaccines for each 

30 region can be formulated. 

Tl 



WO 2005/010032 l'CT/US2004/0 l 793<• 

INli'LUKNZA 

[OJ 86] Currently, vaccine fi.1111mlations are changed twice yearly at 

international WI-IO and CDC meetings. Vaccine formulations arc based on 

5 serological evidence of lhe most current preponderance of influenza vims strain in a 

given region of the world. However, jJl'ior to the present invention there lulS been no 

correlation of influcn:z,a virus strain specific amino acid sequence changes with 

occ\mencc of inlhwnza epidemics or pandemics. 

lO [0187] 111e observations of specific Replikins and their concentrntion in 

influenza virus proteins provides the fiml specific qu:mtitativc early chomical 

correbtes of inflnem.a pandemics and epidemics and provides for production and 

timely administration of influenza vaccines tailored specifically to treat the prevalent 

emerging or re-emerging strain of influenza virus in a particular region of the world. 

15 Hy analyzing the protein sequences of isolates of strains of influenza virus, such as 

the henwgglutinin protein sequencoe, for the presence, concentration and/or 

conservation of Roplikins, influenza virus pil!ldemics and epidemics can be 

predicted. Furthermore, tho severity of such outbreaks of influenza can he 

significantly lessened by administeri11g an influenza peptide wccinc based on the 

20 Replikin sequences found to he most abundant or shown to be on the rise in vims 

isolates over a given time period, such as abont one to about three years. 

10188] An influenza peptide vaccine of the invention may include a single 

Replikin peptide sequence or may include a plun1lity of Replikin sequences 

25 observed in influenza virus strains. Preforably, the peptide vaccine is based on 

Replikin scquencc(s) shown to he increa~ing in conocntrntion over n given time 

period and conserved for at least that period of time, However, a vaccine may 

include a conserved Replikin peptide(s) in combination with a new Rep!ikin(s) 

peptide or nrny be b<lsod on new Replikin peptide sequences. The Rcplikin peptides 

30 can be synthesized by any method, including chemical synthesis or rcc(m1binant 
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gene technology, and nrny include non"Rcplikin sequences, although vaccines based 

on poptidcs containing only Rcplikin sequences are preferred. Preferably, vaccine 

compositions of the invention also contain a phmmaccutically acceptable carrier 

and/or adjuvant. 

[0189] The influenza vaccines of the present invcr.iti.on can be adrninistered 

alone or in combination with tmtiviral drugs, such as gancyclovir; interferon; 

interleukin; M2 inhibitors, such as, mnantadino, rimantadinc; neuraminidHsc 

inhibitors, such as zanamivir ;md oseltaniivir; and the like, ;ts well as with 

1 o cornbinations of nntiviral drugs. 

RJi:PLIKIN DECOYS IN MALARIA 

[0190] Analysis of tho primnry structure of a Pl:tsmodium farciparum malaria 

antigen located at tho 1nerozoi10 surface and/or within the pnrasitophorous vi1cnolc 

15 revealed that this organism, like influenza virus, also contains numerous Replikins 

(Table 9). However, there nro several differences between the ()bservation of 

Rcplikins in Plasn]()dium falcipannn and influenza virus isolates. F()r example, 

Plasmodium falciparum contains several partial Replikins, referred lo herein tt5 

"Rcplikin decoys." These decoy structures contain an abundnnce oflysine residues, 

20 but lack the histidine required of Replikin structures. Specifically, these decoys 

contain many lysines 6 to l 0 residues apart in overlapping fashion, similar to the 

true malaria recognins but without histidine residues. It is believed that the decoy 

structure maximizes the chancces that nn anti-malarial antibody or other agent will 

bind lo the relatively less important structure containing the lysincs, i.e., the 

25 Replikin <kcoys, rnthcr than binding to histidine, which is present in Rcplikin 

structure, such as Rcplikins in respinttory enzymes, which could 'result in destruction 

of the trypanosome. For example, an incoming antibody, with specificity for 

Replikin structures, might <ltlacb to the Replikin decoy structure, leaving the true 

Replikin structure remains untouched. 

30 
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[0191] Therefore, anti"Replikin tre;1(ment of nrnlaria requires two phases (dual 

treatment): i) preliminary treatment with proteolytic enzymes that cleave the 

l~eplik.in decoys, permitting 'safe passage' of the specific anti"Rcplikin treatment; 

and ii) attacking malaria Replikins either with specific antibodies or by cellular 

5 immunity engendered by synthetic mnlaria Rcplikin vaccines or by organic rncans 

targeting the malaria Rcplikins. 

REPETITION AND OVERLAPPING OF REPLIKIN STRUCTURJ~S 

(0192] Another diJforencc seen in Plnsmodiurn falciparum is (t frequent 

JO repetition of individual l{eplikin structures within a single protein, which was not 

observed with influen:r.a virus. Repetition may occur by (a) sharing of lysine 

rcsidties between Replikins, and (b) by repetition of a portion 01'<1 Replikin sequence 

within another Replikin sequence. 

15 (0193] A third significant difference between Replikin structures observed in 

influenza vims isolates and Plasmociium. falciparnm is a marked overlapping of 

Replildn structures throughout malarial proteins, e.g., there arc nine overlapping 

Replikins in the 39 amino acid sequence of SEQ ID NO. 393 (Replikin 

concentration = 23. J /lOO amino acid8); and 15 overlapping Replikins in the 4 l 

20 amino acids of SEQ ID NO. 467 (Rcplikin concentration '' 36.6/100 amino acids). 

Both of those overlapping Rcplikin structures 00ct1r in blood stage tropbozoitcs and 

schizonts. fn contrnst, influenza virus Roplikins are more scattered throughout the 

protein and the maximum Replikin concentmtion is about 7.5/100 r1mino acids 

(Figure 7); and tomato leaf curl gemini virtts, which was also observed to have 

25 overlapping Rcplikins. 

Rep Ii kins of tomato leaf curl gcmilli virus 

[0194] Tomato le>lf curl Gemini virus has dovastuted tonu1to crops in China 

and in many other parts of the world. Its rcplikins reach high counts because of 
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overlapping replikins as illustrated below in a virus isolated in Japan where the 

replikin count wits 20.7 

Replikin Analysis 

5 10195] Description: The first occurrence of tonrnlo yellow leaf curl virus in 

tomato (specific host Lycopernicon osculentum Mill.), in Japan 

Isolated: 1998 Sourcc:Tomato yellow leaf curl virus·[ Aichi] 

Stntin: Aichi 

10 Protein sequence; an1ino acid positions 1to135 

ml q2 p3 s4 s5 p6 s7 t8 s9 hlO ell sl2 ql3 vl4 sl5 il6 kl7 vl8 q19 h20 k21 i22 

1123 k24 k25 k26 p27 i28 r29 r30 k31 r32 v33 u34135 d36 c37 g38 c39 s40 y4l 

y42 143 1144145 1146 c47 114811491150 g51 f52 153 h54 r.55 g.56 t.57 h58 1159 c60 s61 

s62 s63 r64 c65 w66 r67 f68 y69170 g711172 k73 q74 s75 p76 177178 q79 d80 

15 1181 r82 t83 q84 p85 e86 a87 i88 s89 n90 c91 p92 r93 h94 h95 f96 h97 s98 d99 

ldOO ilOl ql02 p!03 ql04 hl0.5 q106 cl07 gl08 tl 09 gl lO di 11 sl 12ql13ml14 

fl 15sl16 ql l 71118 pll9111201121 dl22dl23i124 t125 al26 sl27 dl28 wl29 

sl30 fl 31 1132 k133 sl34 il35 

20 Amino-tcn11inal rnp I ikins 

h 1 O_cl l_s 12_q 13_ vl4_sl5_il6_kl 7_vl8_ql 9J120J'21J22)l23)'24 (SEQ ID NO. 757) 

1110 .. cl l_sl2_q 13.,v14.sl5_i ! 6_k 17 _vlS_ql 9J120_k2 !_i22 .. a23_k24_k25_(SEQ ID NO. 758) 

25 h I O_cl l_sl2_ql3 _vl 4_sl5_il6_kl 7_vl8_ql 9_h20_k2 l_i22_a23_k24J'25J'26..(SEQ ID NO. 759) 

bl O_c l l_s 12.,CI 13 _vl 4_s l 5_i 16)<17,,vl 8_q 19_h20_k2 U22 .. a23)'24 __ k25_k26Ji27 __ i28 

1"29_dO_k31..(SEQ JD NO. 760) 
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kl 7_vl 8JJ l 9 _h20_k21)22 .. a23_lc24_k25 _k26 Jl27 J28_r29 _d0 .. k3 l)-32_v33 _n34_135 

d36_c37_g38_c39_s40_y4l_y42143J144J45}146 c47 _n48 __ u49_h50_(SEQ ID NO. 761) 

Analysis of this sequence showed that amino [tcids l-163 of this "replicating 

5 protein" contain five R('plikins, namely: (SEQ ID NO.: 13) kfrinaknyfltyph, (SEQ 

ID NO.: 14) knletpvnklfiricrdh, (SEQ JD NO.: 15) hpniqaaksstdvk, (SEQ ID NO.: 

16) ksstdvkayni.dkdgdvldh, and (SEQ ID NO.: 17) kasalnilrekupkdfvlqfl1.q19_h20 

1{2 ! _ i22 .. a23 _ k24 .. k25 .. k26 __ p27 __ i2 8 .r29 __ r30_ k31 .. r32_ v33 __ n 34 _13 5 _ d36 _ c3 7 J;3 8 .. c3 9 

s40_y4l_y42_143_h44_145.n46_c47_n48_n49_h50_g5 l_f52J53 _1154 (SEQ JD NO. 762) 

10 

kl 7 _vl S_ql 9_h20_k2 IJ22_a23_k24Jc25 _k26Ji27 _i28_r29 .. rJO)d1 .. r32_ v33_n34_135 

d36_c37_g38_c39 .. s40_y41 __ y42J43)144J45..1146 .. c47 __ n48_n49_h50_g51J52_t53)154 

r55.g56J57)158_(SEQ ID NO. 763) 

15 kl 7 .. v18_ql9_h20_k2l_i22_a23_k24_(SEQ JD NO. 764) 

20 

25 

kl 7_ vl 8_q 19 _h20.k21)22 .. a23 __ k24_lc25 .. k26_p27_i28)"29 __ r30_k31 _r32 . .v33_n34J35 

d36 .. c3 7 __ g38. c3 9 _ s40 _y4 l _y42 _143_h44_145 _ n46 __ c47 _1148 _ n49_.h5 O _g5 l _f52J5 3 _ h54 

r55_g56_t57_1158)i.59 .. (SEQ ID NO. 765) 

kl 7_vl8_q l9_h20_k2 l_i22_a23)c24_k25_(SEQ JD NO. 766) 

kl 7_ vl 8_q l 9_1120_k2 l_i22_a23 _k24_k25 _k26_p27_i28_r29._1-30,_k3 l .. r32_v33 __ n34_135 

d36_c37_g38_c39 .. s40_y4l_y42J43Jt44_(SEQ TI) NO. 767) 

kl 7yl8.q19 .. h20)c21)22)t23_k24_k25k26_(SEQ JD NO. 768) 

h20_k2 l_i22_a23_k24_k25_k26_p27_i28_r29_r30_k3 l_(SEQ JD NO. 769) 
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k21 _ i22 _ a23 _ k24 .. k25 )'2G _p27 )28 _r29_ r30 __ k3 l _ _r3 2._v3 3_.u34J3 5 _ d36 _ c3 7 _g38_c39 

s40 .. y41 . .Y42}43)144J45_n46_c47 __ u48_n49_h50_g51_f52J53_b54_(SEQ JD NO. 770) 

k2 l_ i22 _ a23 _JQ4 _ k2 5 _k26 __ p27)28 _r29)·30)d l _ _r32 . .V33_1134_13 5._d3G _ c3 7 _g3 8. c39 

5 s40_y4 l_y42_143)144)45 _u46 .. c47_u48_n49_h50_g5 l_f52 __ t53J154_r55 _g56.t57 J158 

(SEQ JD NO. 771) 

k2 U22 .. a23J'24_k25)'26JJ27 _i28_r29_r30_k3 l _r32_v33.,1!34_135 .d36_c37 _g38_c39 

s40_y41_y42_143)144 .145 .. 1146 .. c4 7.n48 )t 49)150 _gS 1 J52 _ t53 _l154_r5 5 __ g5 6 _ t57 _lt 5 8 

10 1!59.(SEQ ID NO. 772) 

k2 l J22_ it23 J'24_ k25 _k26Ji2 7 _i28 _r29 _ r3 O _k3 l _ r32. v3 3 )134_13 5. d36 .. c3 7 _g3 8 ..c3 9 

s40_y4l_y42_143_1144_(SEQ JD NO. 773) 

15 k2 l_i22_a23__1'24_k25 _k26_p27 __ i28_r29_r30.k3 l .. r32. v33_n34_135 .. d36 .. c37_g38_c39 

s40_y4 l_y42_143)144_145_n46.c47_n48_1149_lt.50 .. (SEQ ID NO. 774) 

k24_ k25 _ k26_p27 __ i28 _r29. r30 J'31I3 2 _ v3 3 ..1134J35 .. d36 _ c3 7_.g3 8 _ c3 9 _s40_y4 l _y42 

143)144)45 .u46_c4 7_u48_.n49_h50_g5 l _f52_t53_h54.r55_g.56 t57_h58_(SEQ ID NO. 

20 775) 

25 

k24_k25 .k26..112 7_ i28 _r29 . .r30 _ k3 l _r32 _ v3 3 _n34_ I3 5 _ d36 c3 7 _g3 8. c3 9 .. s40 .Y4 l _y42 

143 _h44_145.n46.c4 7 )148_1149._1150 .g5 l .f52.t53 _h54_r55 _g56_t57_h58_h59_(SEQ JD 

NO. 776) 

k24_k25 _k26_p27 _i28.r29 _r30J'3 l_r32_v33_1134J35 .. d36_c37 _g38 _c39 .. s40_y4 I _y42 

l43_h44(SEQ ID NO. 777) 

k24J,25.k26p27 _i28_r29 r30_ld l_r32y33_n34_13 5.d36.c37 _g38_c39 _s40.y41 _y42 

30 143_h44_145.n46_c4?n48.n49J150_(SEQ ID NO. 778) 
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k24)'25 J'26 J>27 __ i28 _ r29_r30Jd1 )·32. v3 3 __ 1134_13 5 __ d36 _ c3 7 _g3 8. c3 9 _ s40 _y4 l _y42 

143_h44_145 __ n46_c47)l48 __ n49_h50_g.51J52_t53_h54_(SEQ ID NO. 779) 

5 k25 _ k26 Jl2 7 _ i28 _ r29 _ r30 _k3 l _ r32 _ v3 3 _ n 34)3 5 __ d36 _ d 7 _g3 8 _ c3 9 .. s40 __ y4 l __ y42 _143 

h44_145_n46.c47)148 .. n49J150.(SEQ TD NO. 780) 

10 

k25)'26 __ p27 _ i28. r29_y3 O _ k3 l }"32 _ _v33 _1134 _13 5 _ d36 _ c3 7 _g38. c3 9_s40 _y4 l_y42J43 

h44)45.n46 .. c47_n48.n49_h50_g5 l_f52_t53.h54.(SEQ JD NO. 781) 

k25 __ k26_p27 .i28_r29 _r30_k3 l_r32_ v33 _n34)35.d36.c37 _g38 __ c39 __ s40.y4 l _y42_143 

h44_145_n46_c47.n48)149_h50_g5 l.J52J53 _h54_r55 _g56_t57 _h58JSEQ JD NO. 782) 

k25 __ k26 _p27 _i28 _ r29 _ r30 _k3 l .. r32 .. v33 .. n34)3 5 .. d 36 .. c3 7 _g3 8 _ c3 9 .. s40 _y4 l __ y4 2 _143 

15 h44_145 _n46_ c4 7 .. n48.J149.b50_g5 l_f52_t53 _h54_r55 _g56J57 .. h58)159 __ (SEQ ID NO. 

783) 

20 

25 

k25 _ k2 6_p2 7_ i2 8 .. r2 9 __ r3 OJd l_ r3 2_ v33_u34_13 5 .. d36 __ c3 7 _g3 8 __ c3 9 __ s40_y4 l_y42_143 

b44_(SEQ II) NO. 784) 

Mid-molecule: Zero replikins. 

Carboxy-tc1mina!: Zero replikins. 

Replikin Count"' Number ofRep!ikins per 100 amino acids~-' 28/135 = 20.7 

Even higher replikin counts are seem lo be achieved by overlapping replikins 

in malarin. 
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[0196] The mechanism of lysine multiples is also seen in tho Replikins of 

cancer proteins such as in gastric cancer tnmsforming protein, ktkkgnrvsptmkvth 

(SEQ ID NO. 88), and in transforming protein P2lB (K-RAS 2B) of lung, 

khkckmskdgkkkkk1rn (SEQ ID NO. 89). 

(0197! The relationship of higher Replikin concentration to rapid replication is 

also confirmed by analysis of HIV isolates. It was found that the slow-growing low 

titer strain of HIV (NSI, "Bru," which is prevalent in early stage HIV infection) has 

a lZcplikin concentration of l. l (+/- 1.6) H.eplikins per l 00 amino acids, whereas the 

lO rapidly-growing high titer strain of HIV (SI, "Lai", whic.11 is prevalent in late stage 

HIV infoction) has a Rep Ji kin concentration of 6.8 (+/- 2.7) Replikins per 100 amino 

acid residues. 

[0198] The high concentration of overlapping Replikin8 in malaria, influem,a 

15 virus and cancer cells is consistent with the legemhu-y high and rapid replicating 

ability of m<d.illfa organism8. The IIJtdtitude of overlapping Replikins in malaria 

also provides an opportunity for the organism to flood and conllise the imnJ.1.me 

system of its host and thereby maximize tbe chance that the wrong antibody will be 

made and perpetuated, leaving key malaria antigens unharmed, 

20 

[0199] As in the case of influenza virus, for example, peptide vaccines based 

on the Rcplikin structurc(s) found in the malaria organism can provide an effective 

means of preventing and/or treating malaria. Vaccination against malaria can be 

ach.kved by admini$tering a cmnposition containing one or a mixture of Replikin 

25 structures observed in Plasmodium folciparum. Furthermore, antibodies to malaifa 

Rcplikins c;an h<l generated m1d administered for passive in1rnunity or malaria 

detection. 

85 



WO 2005/010032 PCT/US2004/0l 7936 

Replikins in l\>Ialaria 

[0200] Malaria is a. disease which accounts for more than 200 million cases 

annually world·wide and over 2 inillion deaths annually, and for which there is as 

yet no c/Jectivc vaccine. Rcplikins have been found to be prominent in Pl:101nodium 

5 falciparum, the most common strain oftrypanosmnc responsible for mabria. 

High Replikin Count 

[0201] In accord with tho logendm·y high replication rate of trypanosomcs, the 

highest rcplikin count yet observed in any species has been frmnd in trypmmsomes. 

1 o In the try1xn10.5ome pbsmodium folciparun1, W<' found that for the ATPase prot"in 

recently determined to be the target of tho effective anti"malarial artemisinins, in the 

1999 3D7 mafaria pnndemic year, tlw mean roplikin count in the ATPase for all 

isolates was 57.6, and in one isolate the replikin count ro:1ched a record of 11 l.8 by 

repeating and overlaping replikins. 

15 

Rcpitiou aud ovedappiug of replikin structures 

[0202] One chantcteristic $eon in Plasrnodium falcipanmi rcplikins which 

accounts for the high roplikin count compared with influenza rcplikins, is '' frcque111 

repetition of individual tcplikin sln.tctures within it single protein, a foaturc which 

20 was not obsorvod in influenza virus. Repetition may occur a) simply by repe;1ting 

the entire rcplikin, (b) by sharing of lysine residues between rcplikins, iLlld (c) by 

repetition of n portion of a rnplikin sequence combined with or within another 

rcplildn sequence. 

25 [0203] In addition to repeats of replikin structures, another significant 

difference between replikin structures observed in influenza virus proteins mid those 

in Plasmodium falciparnm proteins is a marked ovorlitp of rcplikins throughout 

nrnlariitl proteins. For exnmple, overlapping replikin structures occur in blood stage 

tropho;coites and schimnts as seen in the following: 
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1) in the 39 amino acid ~equence of SEQ ID NO. 393, in addition to the four 

exact repeats of 'ksdhnhk', there (ll'C fourteen overlapping rcplikins (replikin 

concentration or Rcplikin Count~' 18/39 c~ 46.2/l 00 amino acids): 

ksdhnhksdhnhksdhnhksdhnbksdpnhkkknnnnnk(SEQIDN0.393) 

5 ksdhnhksdhnbksdlmbksdpnhkkklmn1mk (SEQ TD NO. 394) 

ksdhnhlrndhnhksdpnhkkknnnnnk (SEQ ID NO. 395) 

ksdhnhksdpnhkkknnnnnk (SEQ ID NO. 396) 

kldmnnnnkdnksdpnhk (SEQ ID NO. 397) 

kknnmmkdnksdpnhk (SEQ ID NO. 398) 

10 knrmnnkdnksdpnhk (SEQ ID NO. 399) 

kdnksdpnhk (SEQ ID NO. 400) 

Jrndpnhk (SEQ JD NO. 401) 

ksdhnhk (SEQ ID NO. 743) 
' 

ksdpnhkk (SEQ ID NO. 744) 

15 ksdpnhkkk (SEQ ID NO. 745) 

ksdpnhkk (SEQ ID NO. 746) 

hkkknnnnnk (SEQ JD NO. 747) 

and 2) 15 overlapping Replikins occur in the 41 i1mino acids of SEQ JD NO. 467 

20 (IZcplikin conccntn1tion or rcplikin count'~ 36.6/! 00 amino acids). 

kkdkckkkdsnenrkld,qkedkknpndnklkJdcylnkith (SEQ JD NO. 467) 

j(dkekkkdsnenrkkkqkedkknpndnJdkkieytnkitb (SEQ ID NO. 468) 

kekkkdsnenrkkkqkcdkknpndnldkldeytnkith (SEQ ID NO. 469) 

kkkdsnenrkkkqkedkknpndnklkkieytnkith (SEQ ID NO. 470) 

25 kkdsncnrkkkqkcdk!mpndnklkkieytnkith (SEQ ID NO. 471) 

kclsnenrkkkqkcdldmpnduklkkicytnkith (SEQ ID NO. 472) 

kkkqkedkknpndnklkkieytnkith (SEQ ID NO. 473) 

kkqkedkknpndnJdkkioytnkith (SEQ JD NO. 474) 

kqkcc!kknpndnklkkioytnldth (SEQ ID NO. 475) 

30 kedkJmpndnklkkieytnkith (SEQ ID NO. 476) 
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kknpmlnklkkieytnkith (SEQ ID NO. 477) 

lmpndnklkkieytnkith (SEQ ID NO. 478) 

klkkieytnkith (SEQ ID NO. 479) 

kkicytnkith (SEQ ID NO. 480) 

5 kieytnkith (SEQ TD NO. 48 J) 

PCT/llS2004/0 .1793(> 

[0204] Both of these OV(erlapping replikin structures occur in blood stage 

trophoz.oites an(! schizonts. In contrast, influenza virus rcplikins are more scattered 

throughout the protein and the maximum replikin count ( \lxcept in 1917-18) is about 

10 7.5 (Figure 7). As described earlier, tomato leaf curl gcmini virus was also observed 

to have overlapping replikins raising the replildn count as high as 20.7. 

Table 9 

15 lleplikin repeats, overlap, and conservation in one molecule, ATPase 

[0205] Overlapping replikins, replikin repeats, and intramolecular 

conservation of rcplikin structure, were all found iil the single molecule of 

Plasmodinrn Falcipimm1 3D7 ATPase, front amino acid positi.ons 399 through 927. 

20 As shown below, identical motifs of each replikin are conserved by tho invariant 

initial 'k' and terminal 'hk' (shaded arens), whereas adjacent amino acids 'g/s/n' 

'd/gk' 's/c/n/h' and 's/n' arc variable (clear). The last lysine for each rcplikin is also 

the first lysine for the next roplikin, eg. k4 l 1, k417 .: 
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s406 d40'/ 8408 n409 ~'"410 k411i (SEQIDNQ_ 785) 
s4l2 d413 s414 n415 416 k4171 

8418 d419 s420 n421 422 k423i' 

s424 9425 s426 n427 ~· '.a2e k429i (SEQ ID NO. 786) 
s430 d431 c432 n433 434, k4351 (SEQ JDNO. 787) 
8436 9437 s438 n439 440 k441 
s4.60 d4.61 n162 n.463 Qv;tGtl k465j (SEQ LDNO, 788) 
s466 d467 .s468 s469 ifl'l'70 k471· (SEQTDNO. 789) 
s47B d4'79 s480 s4.81 !b.48': k4B3j 
s4f34 9485 s486 n4.fl7 ~488 l1::-<89-
s490 d491 n192 n493 49~ k495I· 
s496 d497 s49B 8499 500 k501 
s502 9503 '3504 n505 ~1SOG k507I 

s508 c'i'o0.9 h510 n511 !'1.-,~.''., 11.8'2,. lc513 (SEQ IDNO. 790) 
s514 d515 8516 n517 hJ k519 
8520 ds21 s522 n523 ~52(·k~±~ 
n!326 e52? tJ528 n529 ~i530 k5flJ., (SEQ IDN0.791) 
n532 e533 s534 n535 ~s3{ks31 
n538 e539 s540 n541 i\i!ot.J2 .k543 
n544 e545 8546 n547 ~54~1 k5k~ 
r1550 e551 r~5~J2 r1553 h554,,._,i:k55/fy, 
ns~;5 d'S.57 cJ558 n5ei9 lh560 k:;sJJ (SEQ ID NO. 792) . ,. : 

,;574 d5'/5 n5'76 n577 11578 j~579: (SEQ JD N0.793) 
s592 d593 n594 n595 ~59~ k~9~ 
FJ610 dGll n.61:?. nG13 ;ti.614" k6J:5

1

. 

s616 d617 1161.8 n619 '.h62_0 ·J;62l 
s622 d623 n624 n625 h62~ kG2i 

.- ,• . I 

8640 dG41 n642 n643 ~644 k645 
s646 d647 h64B n649 ~650 k65l 
s670 d67l h672 n673 ~674 k67~ 
8676 d6?7 h678 n679 ~680 k~~~ 
s6B2 d683 n684 nGBS h686-k687 
rJ688 dG89 s690 n691 hG9:J. k6sl3. 
s694 d695 s696 n697 ~l698 k6jl91 

s700 d701 h702 n703 ib.104· k705 
'3724 d725 h726 n'727 ~728 k72~ 
s730 d731 n"/32 11733 ib.734 k7~'5 
s736 d737 s738 11739 b110 k?4~ 
s742 d?43 s744 n745 ~746 k747 
s74B d749 h750 n751 b1s2 k75~ 
s778 d779 h7BO n781 p782 k7B] 
s784 d?B5 n786 11787 ib.788 k789j 
s790 d?91 s792 n793 ~·8190 40 k79~ '3796 d797 '3798 n799 ~ k801j· 
s802 d803 s804 11805 806 kB07 
s808 d809 h810 n811 kBJ.3 
sB26 d827 n82B n829 kB31 
,;832 d833 h834 n835 1836 k837 
s838 d839 n840 n841 842 k843 
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'.k:8;i3 s844 d845 h84G n847 ?:i84'8''li849, 
~8491 s850 d851 s852 n853 ~-.854 k85sl 
~85!5 s856 d857 ::::;858 n859 

. . .. I 
i\1860 k861. 

' ik8 6 ll s862 d863 f$864 11865 h866 k86'7i 
lk867 s868 d869 s8'70 nB71 ~872 k873, 

~~~~I s874 d87!5 11876 n877 878 k!3791 
s898 d899 h900 n901 ~902 k903 

~90.3' s904 d905 h906 n907 ' 908 k909i 
~9o9i s910 d911 n912 n913 h914 k915 
. Si:L si s9J.6 d.917 n.918 n919 ih920 k921! 
k921 s922 d923 h924 n92'.o ~926 k927 
, I ' 
LH 

Lysiue M.ulf:iples 

[0206] The phenomenon of lysine multiples in replikins, 'kk', 'kkk', etc., 

producing a high percent: lysine, seen in the ex11mples above in malaria, may be 

related lo increased virulence <U.'ld increased mort;tlity, since it is also seen in the 

replikins of high mortality cancer proteins, such as in gastric cancer transforming 

protein, 'k!kkgnrvsplrnkvth' (SEQ ID NO. 88), and in transforming protein P21B 

20 (K·I~AS 2B) of lung 'khkckmskdgkkkkkks' (SEQ ID NO. 89), and in high 

mortality SARS as m human SARS mtckocapsid protein 

'khldaykt11lplepkkdkkkk', but 18 less com1nordy seen in lower mortality 

25 

influenza. strains as 1ll 1918 HIN! human influcn2a 

'kkgssypklsksyvnnkgkevlvlwgvhh' (Table 7a). 

(0207] The high concentration of overlapping Replikins in malaria, influenza 

virus and cancer celfa is consistent with the legendary high and rapid replicating 

ability of malaria organisms. The nmllituclc of overlapping Rcplikins in nrnlaria also 

provides an opportunity for the organism lo flood and confuse the imnrnno system of 

30 its host iu1d lheroby maximize tho chance that the wrong antibody will be mack and 

pcrpctuatcd, leaving key malarb antigens unhanncd. 

[0208] As in the case of influenw virus, for example, peptide vaccines based 

on the Replikin stmcture(s) found in the malaria organism c~m provide an effective 

35 means of preventing and/or !re<1ling malaria. Vaccination against malaria can be 

achieved by administering a composition containing one or a mixture of Rcplikin 

structures observed in Plasmodium falciparum. Furtbcmnorc, antibodies to malaria 
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Rcplikins can be generated and administered for pass1vc immunity or malaria 

detection. 

Repllkiu Decoys: 

5 [0209] In another difference from inflU(ll!Zll virus replikins, Plasmodium 

falciparum contains several repeating partial replikins, referred to herein as "rcplikin 
decoys." These decoys contain many Jysincs 6 to .10 residu.es apart in overlapping 

fashion, similar to the true malaria roplikins but withont histidine residues. Il is 

bdicwd that these decoy structure maximize the clrnnces that an anti·malarial 

10 antibody or other agent will bind to the relatively less important s(ructurc containing 

the tysines, i.e., the reptikin decoys, rather than the binding including histidine, 

which is present in replikin structure, such as replikius in respiratory enzymes, 

which could result in destruction of the trypanosome. For example, an incoming 

antibody, with specificity for rcptikin structures, might attach to the n'plikin deeoy 

15 structure, leaving the true replikin structure untouched. 

[0210] Therefore, anti-replikin treatment of malaria would require two phases 

(dual treatmMt): i) preliminary trnatmcnt with proteolytic enzymes that cleave 

thcRcplikin decoys, permitting 'safe p<1ssage' of the specific anti-Replikin 1n:atment; 

20 and ii) attacking malaria Replikins either with specific antibodies or by ceJtutm.· 

immunity engendered by synthetic malaria l~eplikin vaccines or by organic means 

targeting the malaria Replikins. 

[0211] Table 10 provides a list of several Plasmodium folciparum Rcplikin 

25 sequences. It should be noted that this list is not meant to be complcto. Different 

isolates of the organism may contain other Rcplikin structures. 
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Table JO 

Malaria Reulikius 

a) Primary structure of n l'lasmodium falcipan1111 m.alaria antigen located 

lit the mcrozoite surface and within t:hc parnsitophorous vacuole 

5 

i) DECOYS: 

(C-Terminal) 

keeeekckdcckckeekckeekckeekekckcckekekeokeeekk (SEQ ID NO. 293), or 

keeeekekdcekekcekekeckckeelcek.ckeekckckeckccekkek (SEQ ID NO. 294), or 
10 keccckekckckckeekekookekckcckckeckckeekeekeeekk (SEQ JD NO. 295), or 

lrneeckek(1k (SEQ ID NO. 296) 

ii) Rcplikins: 

hkklikalkknicsiqnkk (SEQ fD NO. 297) 

J 5 hkklikalldrniesignkrn (SEQ lD NO. 298) 

hkklikalkk (SEQ ID NO. 299) 

hkklikalk (SEQ ID NO. 300) 

Jrntysfvntkkkiislksgghkk (SEQ ID NO. 301) 

lwtysfvntkkkiislksqghk (SEQ ID NO. 302) 

20 katysfvntkkkiislksqgh (SEQ ID NO. 303) 

htyvkgkkapsdpqc<l. dikecckdlkck (SEQ ID NO: 304) 

Jdislksgghk (SEQ ID NO. 305) 

kkkkfcplkngnvsetiklih (SEQ ID NO. 306) 

kkkfeplkngnvsctiklih (SEQ JD NO. 307) 

25 kkfeplkngnvsetiklih (SEQ ID NO. 308) 

lmgnvsetiklih (SEQ ID NO. 309) 

klihlgnkdkk (SEQ TD NO. 310) 

kvkkigvtlkkfoplkngnvsetiklihlgnkdkkh (SEQ JD NO. 311) 

hliyknksynplllscvkkmnmlkcnvdyiqng.nlfkclrnnqkatysfvntkkkiislk (SEQ ID NO. 

30 312) 

hliyknksynplllscvkknmmlkenvdyiqnqnlfkelnmqkatysfvntk (SEQ JD NO. 313) 

hliyknksyiiplllscvkkmmnlkenvdyiqnqnlfkelmnqk (SEQ JD NO. 314) 

hliylcnksynplllscvkkmnmlkcnvdyiqknqnlfk (SEQ ID NO. 315) 
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hliyknksynplllscvkknuunlk (SEQ ID NO. 316) 

ks;1nnsanngkknnaccmlmlvnf1qshkklikalkknicsiqnkkh (SEQ ID NO. 317) 

klrnnaccmknlvnflq8hkklikaJkkniesiqnkkh (SEQ ID NO. 318) 

knlvnflqshkklikalkkni(1siqnkkh (SEQ lb NO. 319) 

5 kklilrnlkknicsiqnldd1 (SEQ ID NO. 320) 

kl ikalkkniosiqnkkh (SEQ ID NO. 32 l) 

kknicsiqnkkh (SEQ ID NO. 322) 

kniesiqnkkh (SEQ lD NO. 323) 

knnaccmknlvnllqsh (SEQ ID NO. 324) 

JO kklikalkkniesiqnkkqghkk (SEQ ID NO. 325) 

kknnaccmknlvnflqshk (SEQ JD NO. 326) 

knnaeemknlvnflqsh (SEQ ID NO. 327) 

klikalkknicsiqnkkqghkk (SEQ JD NO. 328) 

kvkkigvtlkkfoplkngnvsetiklih (SEQ ID NO. 329) 

15 kngnvsctiklih (SEQ ID NO. 330) 

klihlgnkdkk (SEQ ID NO. 331) 

ksannsanngkknnaeernknlvnflqsh (SEQ JD NO. 332) 

kknnaecrnknlvnflqsh (SEQ ID NO. 333) 

kklikalk.knicsiqnkkh (SEQ ID NO. 334) 

20 Jrnlkknicsiqnkkh (SEQ TD NO. 335) 

kkniesiqnkkh (SEQ ID NO. 336) 

kclmnqkatysfvntkkkiislksqgh (SEQ ID NO. 337) 

ksgghkk (SEQ ID NO. 338) 

kkkiislksqgh (SEQ ID NO. 339) 

25 kkiislksggh (SEQ ID NO. 340) 

30 

kkniesiqnkkh (SEQ ID NO. 341) 

kniesiqnkkh (SEQ JD NO. 342) 

htyvkgkkapsclpqcadikceckc!Ikck (SEQ JD NO. 343) 

htyvkgkkaps<lpqcadikccckellk (SEQ JD NO. 344) 

b) "liver stage antigcn-3" genc"'"LSA-3" Replikins 

henvlsaalentqsceckkcvidviecvk (SEQ IT> NO. 345) 

kenvvttilekveettaesvttfsnikeiqentitndticckleelh (SEQ ID NO. 346) 
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hylqqmkekfakek (SEQ ID NO. 347) 

hylqqmkekfakeknnnvicvtnkackkgnvqvtnktekttk (SEQ JD NO. 348) 

hylqqmkekfskckmmvievtnkaekkgnvqvtnktokttkvdknnk (SEQ ID NO. 349) 

hylqqrnkckfskelmnnvievtnkaek:kgnvqvtnktokttkvdknnkvpkkrrtqk (SEQ ID NO. 350) 

5 hylqqmkekfakeknnnviovtnka0lckgnvqvtnktekttkvdknnk:vpkkrrtqksk (SEQ ID NO. 351) 

lwdevrnkyvqkidk0vdlrnvskalcskndvtnvlkqnqdffskvknfvkkyk (SEQ ID NO. 352) 

hvd0vrnkyvqkidkcvdkevskaleslo1dvinvlkq11qdffskvkn(vkk (SEQ JD NO. 353) 

hvdevmkyvqkidkevdl<evskaleskndvtnvlkqnqdffsk (SEQ ID NO. 354) 

hvdevmkyvqkidkcvdkevskaleskndvtnvlk (SEQ ID NO. 355) 

10 hvdcvmkyvqkidkevdl(evskalesk (SEQ JD NO. 356) 

hvdevmkyvqkidlrnvdkcvsk (SEQ ID NO. 357) 

lwdevmkyvqkidkcvdk (SEQ Il) NO. 358) 

hvdevmkyvqkidk (SEQ ID NO. 359) 

kdevic!livqkekrickvkakkkklekkvcegvsglkkh (SEQ ID NO. 360) 

15 kvkakkkklekkvecgvsglkkh (SEQ JD NO. 361) 

kakkkklckkvcegvsglk.kh (SEQ ID NO. 362) 

kkkklek](veegvsglkkh (SEQ ID NO. 363) 

kkklekkvccgvsglkkh (SEQ ID NO. 364) 

kkkkkveegvsglkkh (SEQ ID NO. 365) 

20 klckkvcegvsglkkh (SEQ ID NO. 366) 

kkvi::egvsglkkh (SEQ ID NO. 367) 

kvecgvsglldd1 (SEQ ID N0.368) 

hveqnvyvdvclvpamkdqflgilneagglkernffolcdvfksesdvitvecikdepvqk (SEQ ID NO. 369) 

hikgkeddleevddlkgsildmlkgdmclgdmdkcslodvttklgerveslk (SEQ ID NO. 370) 

25 hikglccddlecvddlkgsildmlkgdmelgdmdkeslcdvttk (SEQ ID NO. 371) 

hikgleeddkcvddlkgsiklm.lkgdrnelgdmdk (SEQ ID NO. 372) 

hikglceddleevddll,gsikl!rilk (SEQ ID NO. 373) 

hiisgdadvlssalgmdcoq111ktrkkaqrpk (SEQ ID NO. 374) 

hclitttldevvclkdvccdkiek (SEO ID NO. 375) 

30 kklcovhelk (SEQ ID NO. 376) 

kloevholk (SEQ JD NO. 377) 

ktietdikekkkciekdh (SEQ ID NO. 378) 

kkeiekdhfek (SEQ JD NO. 379) 
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kdhfck (SEQ JD NO. 380) 

kfoecaeeikh (SEQ ID NO. 381) 

c) 28 KHA ookinetc surface imtigcn precursor H.eplikius: 

PCT/!JS2004/0 l 793(, 

5 kdgdtkcllecaqgkkcikhksdhnhksdlmhksdpnhkkkt.11rnmi.k (SEQ ID NO. 382) 

kdgdtkctle\;aqgkkcikhksdhnhksdhnhksdpnhkk (SEQ ID NO. 383) 

kclgcltkctlccaqgkkcikhksdhnhksdhnhksdpnhk (SEQ JD NO. 384) 

kdgdtkctkci1qgkkcikhksdlmhksdlmhk (SEQ ID NO. 385) 

kdgdtkctlocaqgkkcikhksdhnhk. (SEQ ID NO. 386) 

JO kdgdtkctlec<1qgkkcikhk (SEQ ID NO. 387) 

kdgdtkctlecaqgld< (SEQ JD NO. 388) 

kdgdtkctlec<iqgk (SEQ ID NO. 389) 

kciqaccnykccgeqkcvwdgih (SEQ ID NO. 390) 

kecgeqkcvwdgih (SEQ JD NO. 391) 

15 hicckcnndyvltnrycccpknh:tskdtllk (SEQ ID NO. 392) 

cl) Blood stage lropho:mites and schizonts Rcplikins: 

ksdhnhksdhnhksclhnhksdhnhksdpnhkkknnnnnk (SEQ ID NO. 393) 

ksdhnhksdhnbksdhnhksdpnhkkknnnmi.k (SEQ JD NO. 394) 

20 ksdhnhksdhnhksclpnhkkknnnnnk (SEQ ID NO. 395) 

ksdhnhksdpnhkkknnm1nk (SEQ ID NO. 396) 

kkkunnnnkdnksdpnhk (SEQ ID NO. 397) 

kknnmmkdnk8dpnbk (SEQ ID NO. 398) 

knnm1nkdnksdpnhk (SEQ ID NO. 399) 

25 kclnksdpnhk (SEQ ID NO. 400) 

ksdpnhk (SEQ ID NO. 401) 

hslyalqqnecyqkvknokdqncikkikqlieknk (SEQ ID NO. 402) 

hslyalqqn0oyqkvlmckdqncikkik (SEQ ID NO. 403) 

hslyalqqnccyqkvknckdqneikk (SEQ ID NO. 404) 

30 bslyalqqnccyqkvknckdqneik (SEQ JD NO. 405) 

hklcnlecmdk (SEQ JD NO. 406) 

khfddntnoqk (SEQ ID NO. 407) 

kb;ddckh (SEQ JD NO. 408) 
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kcennkkedckkh (SEQ ID NO. 409) 

ktssgilnkccnnkk:cddckh (SEQ JD NO. 4l0) 

lmihikk (SEQ ID NO. 411) 

hikkkegidigyk (SEQ TD NO. 412) 
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5 kkmwtcklwdnkgneitknih (SEQ ID NO. 413 ) 

kkgiqwnllJdcmwtcklwdnkgneitknih (SEQ ID NO. 414 ) 

kckkdsnenrkkkqkcdkknpnklkldeytnkithfilrnknnkqqrmvth (SEQ JD NO. 415) 

kkdsnenrkkkqkedkknpnklkkicytnkithffkaknnkqqnnvth (SEQ ID NO. 416) 

kdsnenrkkkqkeclkknpnklkkieytnkilhffbknnkqqnnvth (SEQ ID NO. 417) 

10 kkqkedkknpnklkkieytnkitltffkaknnkqqnnvth (SEQ JD N(} 418) 

kqkedkknpnklkkieytnkithffkalmnkqqnnvtb (SEQ JD NO. 419) 

kedkknpnklkkieylnkithfflrnlmnkqqtmvth (SEQ ID NO. 420) 

lmpnklkkicytnkithffkaknnkqqnnvlh (SEQ ID NO. 421) 

kkicytnldthfDrnknnkqqnnvth (SEQ JD NO. 422) 

15 kicylnkithffkaknnkqqnnvth (SEQ ID NO. 423) 

kithfikaknnkqqnnvlh (SEQ TD NO. 424) 

hknncdikndnskdikndnskdiknclnskdikndnnedikndnskdik (SEQ lD NO. 425 ) 

hknncclikndnskdikndnskdikndnskdikndnnedilrndnsk (SEQ JD NO. 426) 

hlmnedikndnskdikndnskdikndnskclikndnnedik (SEQ JD NO. 427) 

20 hkn.nedikndnskcliknclnskdikndnskdik (SEQ ID NO. 428) 

hknncdiknclnskdikndnskdil<.nclnsk (SEQ ID NO. 429) 

hknnedikndnskdiJmdnskdik (SEQ ID NO. 430) 

hlmneclikndnskdikndnsk (SEQ ID NO. 431) 

hknncdikndnskclik (SEQ ID NO. 432) 

25 hknncclik (SEQ ID NO. 433) 

kkycldlqnkynilnklknskckneelkkyh (SEQ ID NO. 434) 

kyddlqnkynilnklknslcckncclkkyh (SEQ U) NO. 435) 

kynilnklknsleckncelldcyh (SEQ ID NO. 436) 

klknsleekneclkkyh (SEQ ID NO. 437) 

30 knslcckncclkJcyh (SEQ ID NO. 438) 

kncclkkyh (SEQ JD NO. 439) 

hmgnnqclincnvynikpqel'kcceeedismvntklc (SEQ ID NO. 440) 

knsnclkrindnffklh (SEQ 10 NO. 441) 
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kpclykkckisqclykkckisqvwwcmpvkdtfotyernnvlnskienniekiph (SEQ ID NO. 442) 

binneytnknpkncllykneernyndnnikdyinsnmfkk (SEQ JD NO. 443) 

hinncytnknplrncllyknecrnyndnnikdyinsnmflc (SEQ ID NO. 444) 

hinnc.ylnknpkncllyk (SEQ ID NO. 445) 

5 knktn.qskgvkgeyekkkctngh (SEQ ID NO. 446) 

ktnqskgvkgcyckkketngh (SEQ JD NO. 447) 

kgvkgeyekkkdngh (SEQ fi) NO. 448) 

kgeyekkk<ltngh (SEQ ID NO. 449) 

ksgmytnegnkscecsykkkssssnkvh (SEQ ID NO. 450) 

l 0 kscccsykkksS$snkvh (SEQ lD NO. 451) 

kkkssssnkvh (SEQ ID NO. 452) 

kkssssnkvb (SEQ JD NO. 453) 

kssssnkvh (SEQ ID NO. 454) 

himlksgrnylnegnkscccsykldrnsssnk (SEQ ID NO. 455) 

15 himlksgmytncgnkscecsykkk (SEQ lD NO. 456) 

hirnlksgmytnegnkscecsykk (SEQ ID NO. 457) 

himlksgrnytncgnkscccsyk (SEQ 1:0 NO. 458) 

kplaklrkrcktqinktkyergdviidnteiqkiiirdyhc!lnvhkldh (SEQ ID NO. 459) 

krek!qinktkyergdviidntciqkiiirdyheilnvhkldh (SEQ ID NO. 460) 

20 ktqinktkyergdviidnteiqkiiirdyhellnvhkldh (SEQ ID NO. 461) 

kplaklrkrektqinktkyergdviidnteigkiiirdyhetlnvh (SEQ ID NO. 462) 

kplaklrkrnktqinktkycrgdviidntciqkiiirdyh (SEQ ID NO. 463) 

klrkrcktqinktkyergdviidnteiqkiiirdyh (SEQ ID NO. 464) 

krektqinktkyergdviidntciqkiiirdyh (SEQ IO NO. 465) 

25 . ktqinktkyergclviidnteiqkiiirdyh (SEQ JD NO. 466) 

kkdkckkkdsnenrkkkqkedkknpndnklkkicytnkith (SEQ ID NO. 467) 

kdkekkkd8nenrkkkqkcdkknpndnklkkicytnkith (SEQ ID NO. 468) 

kekkkclsnenrkkkqkcdkknpndnklkkicytnkith (SEQ JD NO. 469) 

Jd,kdsnonrkJ,kqkcdkknpndnklkkioytnkith (SEQ ID NO. 470) 

30 ld,dsnenrkld,qkedklrnpndnklkkieytnkith (SEQ ID NO. 471) 

kdsnenrkkkqkcdkknpndnklkkioytnkith (SEQ ID NO. 472) 

kkkqkcdklmpndnklkkieytnkith (SEQ JD NO. 473) 

kkqkcdkknpndnklkkicytnkith (SEQ JD NO. 474) 
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kqkcclkknpnd11klkkicytnkith (SEQ ID NO. 475) . . 

kcdklmpnclnklkkicytnllith (SEQ JD NO. 476) 

kknpndnklkkicytnkil.h (SEQ ID NO. 477) 

knpndnklkkicytnkith (SEQ ID NO. 478) 

5 Jdkkieytnkith (SEQ JD NO. 479) 

kkicyinkith (SEQ ID NO. 480) 

PCT/llS2o04/017'13<> 

kieytnkitb (SEQ ID NO. 481) 

hgqikiedvnncnfoneqmlmkyndcckmdiskskslksdflek (SEQ ID NO. 482) 

hgqikiedvnnenfoneqrnknkyncleckmdislcsksllc (SEQ 10 NO. 483) 

10 hgqikieclvnnenfnneqmknkyndcckmdisksk (SEQ JD NO. 484) 

hgqikiedvnnenfnncqinknkyndeekmclisk (SEQ ID NO. 485) 

kkyddlqnkynilnklknslcekncclkkyh (SEQ JD NO. 486) 

kyddlqnkyni.lnklknsleekneclkkyh (SEQ ID NO. 487) 

kynilnklknsleekneclkkyh (SEQ ID NO. 488) 

J5 klknsleeknedkkyh (SEQ ID NO. 489) 

knsleelmeelklcyh (SEQ ID NO. 490) 

kncelkkyh (SEQ ID NO. 491) 

hmgnnqdinenvynikpqefkeeccedismvntkkcddiqenik (SEQ ID NO, 492) 

ktnlyniynnknddkdnildncnrcglylcdvmknsndkrindnffldh (SEQ ID NO. 493) 

20 knsnclkrindnffldh (SEQ JD NO. 494) 

!<rindnffldh (SEQ JD NO. 495) 

hinncytnknpkncllyknccrnyndn.nikdyinsnmfkk (SEQ ID NO. 496) 

hinncytnknpkncllykneernyndunikdyinsmnJk (SEQ ID NO. 497) 

hinncytnknpkncllyk (SEQ ID NO. 498) 

25 kpclykkckisqvwwcmpvkdtfotyernnvlnskienniekiph (SEQ JD NO. 499) 

kckisqvwwcmpvkdtfhtyernnvlnskicnnickiph (SEQ ID NO. 500) 

kicnniokiph (SEQ ID NO. 501) 

knktngskgvkgeyekkketngh (SEQ ID NO. 502) 

ktngskgvkgeyckkketngh (SEQ JD NO, 503) 

30 kgvkgcyclckkctngh (SEQ JD NO. 504) 

kgcyckkkctngh (SEQ JD NO. 505) 

ktiekinkskswffoeldeidkplaklrkrektqinktkye.rgdviidntciqkiirdyh (SEQ JD NO. 506) 

kinl<Slcswffocldeidkplaldrkrektqinktkycrgdviidntciqkiirdyh (SEQ ID NO. 507) 
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kplaklrkrektqinklkyorgdviidntciqkiirclyh (SEQ JD NO. 508) 

hirnlksqmytnegnkscecsykld(SSssnkvh (SEQ ID NO. 509) 

klrkrektqinktkyergdviidnteiqkiirdyh (SEQ ID NO. 510) 

kxcktqinktkyergdviidnteiqkiirdyh (SEQ ID NO. 511) 

l'CT/lJS2004/0.1793ti 

5 ktqinktkycrgdviidntciqkiirdyh (SEQ ID NO. 512) 

kpbklrkrcktqinktkycrgdviidntciqkiirdyhtlnvhkldh (SEQ .TD NO . .513) 

klrkrcktq.inktkyergdviidnteiqkiirdyhtlnvhkldh (SEQ ID NO. 514) 

krektqinktkycrgdviidntciqkiirdyhtlnvhkldh(SEQ ID NO. 515) 

ktqinktkyergclviidntdqkiirdyhtlnvhkldh (SEQ ID NO. 516) 

IO kplaklrkrektqinktkycrgdviidnteiqkiirdyhtlnvh (SEQ JO NO. 517) 

klrkrcktqinktkyergdviidnteiqkiirdyhtlnvh (SEQ ID NO. 518) 

krektqinktkyergdviidntciqkiirdyhtlnvh (SEQ ID NO. 519) 

ktqinktkyergdviidnkiqkiirdyhtlnvh (SEQ ID NO. 520) 

himlksqmytnegnkscecsykkkssssnkvh (SEQ JD NO. 521) 

15 ksqmytnegnksccocsykkkssssnkvh (SEQ JD NO. 522) 

kscccsykkkssssnkvh (SEQ JD NO. 523) 

kkkssssnkvh (SEQ JD NO. 524) 

kkssssnkvh (SEQ ID NO. 525) 

kssssnkvh (SEQ ID NO. 526) 

20 himlksqmytncgnkscecsykkkssssnk (SEQ ID NO. 527) 

himlksqmytncgnkscccsykkk (SEQ ID NO. 528) 

bimlksqmytnegnkscecsykk (SEQ JD NO. 529) 

himlksqmytnegnlrncecsyk (SEQ ID NO. 530) 

hnnbniqiykdkrinfmnphkvmyhclnrnskne1.tck (SEQ ID NO. 531) 

25 hnnlrniqiykdkrinfinnpbkvmyhdnrnsk (SEQ ID NO. 532) 

hnnhniqiykdkrinfmnphk (SEQ ID NO. 533) 

hkvmyhclmnskncrlck (SEQ ID NO. 534) 

30 

hkvmyhdnrnsk (SEQ JD NO. 535) 

---·----·-·------------· .. ,--,----·"·""-----.. ----·-------'' .. , ___ ... ----.. -------·-' 

REPLIKINS IN STRUCTURAL PROTEINS 

[02.12] It has also been determined that some structural proteins include 

Replikin structures. Structmal proteins are molecules involved in tissue and organ 
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support, such as collagen in skin and c,m110clivc tissue and in membrane structures, 

for example amyloid A4 precursor protein (APP) in brain. Overproduction of these 

proteins is associated with disease; specifically, sclcroclemu1 in the case of 

overproduction of collagen in skin (Tabk J 1) rmc\ Alzheimer's Disease in the case of 

5 overproduction of APP in the brain (Table 12). 

10213) The association of sclerodrnna and malignancy has been a source of 

controversy during recent years. Several mechanisms of interrelationship have been 

suggested in earlier reports. Recent long-lonn studies suggest an inc1w1secl 

lO ussocbti01H·atio of scl.erodenna and nrnlignancy. However, the underlying 

mcclrnnisnrn remain elusive. (Wom:cl, J. Eur. J. Derrnatol. 20002 May-Jun; 12(3): 

296-300). 

[0214] Several proteins concerned with the excessive production of proteins in 

15 sckrocknna have boon found to contain Replikin strnctures. Thus, these provide 

forther examples of unrecognized targets for inhibition or cessation of ex<;essive 

collagen production. Table 11 provides a list of proteins in scleroderma and the 

associated Roplikins. 

20 [0215) The APP protein is the source of the amyloid beta A4 protein, which in 

excessive amounts forirn; plaques in tho extracellular spaces in the brain, producing 

toxic effects associated with nerve cell loss in Alzheimer's Diseas(,, rvtost studies to 

date have focti.sed on the inability to clear the excessive deposits of A.4, but have not 

considered that, rathor than a waste clearance problem, this may actu11lly be a 

25 problem of oveq1rnduction of the precursor protein APP. The high concentration of 

the Replikins in APP (3.3 Replikins per 100 amino acids) strongly suggest that 

overproduction may well be the cimsc of Alzheimer's Disease;' (Table 12). 

Therefore, the Replikins contained in Table 12 can be blocked or inhibited by the 

same methods as illustrated in detail for the glionut H.eplildn. 

30 
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Table 11 

Proteins ovenwoduced in sclerodermn nnd associated Replikins: 

PMCl HUMAN: 

'i hreictiqssggbnllkdqvlrcskiagvkvacitclilk (SEQ ID N0.536) 

hreictiqssggimllkdqvlresk (SEQ ID N0.537) 

34KD nuclcolar sdcroderma antigen; 

hreictiqssggimllkdqvlrcskiagvkvaciteliklkalcndqk (SEQ JD N0.538) 

hrcictiqssggimllkdqvlrcskiagvkvHeitclilk (SEQ ID N0.539) 

1 o l<'ibrillarin: 

kkmqqonmkqpcqltlepyerdh (SEQ ID N0.540) 

kmqqenm.kpqeqlllepyerdh (SEQ JD NO. 541) 

Sl'OP HUMAN: 

hemeeskknrveindvepcvl.kemmcfiytgkapnldk (SEQ ID N0.542) 

15 hcmocskknrvcindvcpevfkommcfiytgk (SEQ ID N0.543) 

Centromere protein C: 

khgelkvyk (SEQ JD N0.544) 

klils1)gcckgkqh (SEQ ID NO. 545) 

hnrihhk (SEQ lD NO. 546) 

20 hlinssrkstl(ktnqssk (SEQ IO NO. 547) 

lmssrkstkktnqssk (SEQ ID NO. 548) 

khhniJpktlandkhshkph (SEQ ID N0.549) 

hhnilpkthmdkhshk (SEQ ID NO. 550) 

hnilpkllandkhBhk (SEQ ID NO. 551) 

25 hnilpktlandk (SEQ ID NO. 552) 

kntpdsldcissrnindhh (SEQ ID N0.553) 

kntpdskkissrnindh (SEQ JD NO. 554) 

kdtciqspskecqkshpksvpvsskkk (SEQ JD NO. 555) 

kdtciqspskccqkshpksvpvsskk (SEQ ID NO. 556) 

30 hpksvpvsskld' (SEQ ID NO. 557) 

hpksvpvsskk (SEQ ID NO. 558) 

hpksvpvssk (SEQ ID NO. 559) 
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Fnctor CTCBJ<', KU nutigen: 

kalqekvcikqlnh (SEQ ID NO. 560) 

kllf\1lieakkdqvtagcifgdnhedgptakklktcgggah (SEQ ID NO. 56 l) 

ktHj1licakkkdqvtagei1iJdnb (SEQ ID NO. ?62) 

5 klcvfldderhsih (SEQ ID NO. 563) 

klcvfkk:ierh (SEQ ID NO. 564) 

Jq,,1Js1.plkgitcqqkegleivk (SEQ lD NO. 565) 

hgpsfplkgiteqqk (SEQ ID NO. 566) 

ATP syuf:bnse subunit 6: 

10 htllkilstflfk (SEQ ID NO. 567) 

hllgnndknllpsk (SEQ JD NO. 568) 

PHRL nuclear protein: 

hrhegvficrgkcda1vtk (SEQ JD NO. 569) 

hcgvficrgkcdr1Jvtk (SEQ ID NO. 570) 

15 hsggnrgrgrggkrghqsgk (SEQ ID NO. 571) 

krgnqsgknvmvcph (SEQ TD NO. 572) 

krgnqsgknVlllYcphrh (SEQ ID NO. 573) 

kkmqqonmkpqcqltlepyerdh (SEQ ID N0.574) 

kmqgenmkpqeqltlepycrdh (SEQ ID NO. 575) 

20 IIl'l Hs-alplu1 protein: 

haypedaenkeketnk (SEQ ID NO. 576) 

kcanvhopqiviaJ'yeorltwh (SEQ ID NO. 577) 

kvldrrvvkgqvcyllkwkgfaeeh (SEQ ID NO. 578) 

kgqveyllkwkgfreeh (SEQ ID NO. 579) 

25 FM/Sci uudeohu· protein: 

ksevaagvklrnglpsacrknvlfgphdcsh (SEQ JD N0.580) 

kscvaagvkksgplpsaerlenvlfgph (SEQ ID NO. 581) 

kaacygkkak.setfrllhakniirpqlk (SEQ ID NO. 582) 

lrnaeygkkaksctfrllhak (SEQ ID NO. 583) 

30 ksetfrllhak (SEQ ID NO. 584) 

hakniirpqlk (SEQ ID NO. 585) 

hmnlkineolpk (SEQ ID NO. 586) 

hsldhllklycnvdsnk (SEQ JD NO. 587) 
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hllklycnvdsnk (SEQ JD NO. 588) 

Table 12 

Amyloid beta A4 precursor protein (APP) Replikins: 

kakorkakh (SEQ JD NO. 589) 

kdrqhtlk (SEQ fl) NO. 590) 

kdrghtlkh (SEQ ID NO. 5 91) 

ketcs(;)]rntnlh (SEQ JD NO. 592) 

JO kteeisevkmdaefgh (SEQ ID NO. 593) 

kteeisevkmdaefghdsgfovrh (SEQ ID NO. 594) 

kkyvraeqkdrqhtlkh (SEQ ID NO. 595) 

kyvracqkdrqhtlkh (SEQ lD NO. 596) 

kkyvraeqkdrqh (SEQ ID NO. 597) 

15 kyvraeqkdrqht (SEQ ID NO. 598) 

hhvJhmlkkyvraeqk (SEQ ID NO. 599) 

hvfnmlkkyvraeqk (SEQ ID NO. 600) 

hhvfnmlkkyvraeqkdrqhtlkh (SEQ JD NO. 601) 

hvfnmlkkyvraeqkdrqhtlkh (SEQ ID NO. 602) 

20 hahfqkalrnrleakh (SEQ JD NO. 603) 

hahfi1kakerleak (SEQ JD NO. 604) 

hfqkakerleak (SEQ ID NO. 605) 

hqcrmdvccthlhwhtvaketcsekstnlh (SEQ ID NO. 606) 

hqcrmdvcothlbwhtvaketcsek (SEQ JD NO, 607) 

25 hwhtvakctcsck (SEQ ID NO. 608) 

htvakctcsck (SEQ ID NO. 609) 

hlhwhtwketcsek (SEQ ID NO. 610) 

hmnvqngkwesdpsgtktcigtk (SEQ ID NO. 611) 

hmnvqngkwcsdpsgtk (SEQ fD NO. 612) 

30 
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PASS IVE IMMUNITY 

[0216] In another embodiment of the invention, isolated Replildn pqitides 

1nay be used to generate antibodies, which may be used, for example to provide 

passive immunity in an individual. Passive immunity to the strain of influenza 

5 identi ficd by the method of the invention to be the most likely cause of future 

influenza infections may be obtained by administering antibodies to Rcplildn 

sequences of the idenlified strain of influenza virus to p;itients in need. Similarly, 

passive immunity to malaria may be obtained by administering antibodies to 

Plasm.odium falciparnm Replikin(8). 

JO 

10217] Various procedures known in the art may be used for the production of 

antibodies to Replikin sequences. Such ilntibodies include but are not limited to 

polyelonal, 1nonoclonal, chimeric, lnunanizccl, single chuin, Fab frngrncnts and 

fragments produced by an Fab expression library. Antibodies that are linked to a 

15 cytotoxic agent may also be generated. Antibodies may <llso be administerocl in 

combination with an antiviral ngent. Furthcrmon;, combinations of antibodies to 

different Replikins may be administcored as an antibody cocktail. 

[0218] For the production of antibodies, various host animals or plan ls may be 

20 imnlunized by injection with a Replikin peptide or a combination of Heplikin 

peptides, including but not limited to rabbits, mice, rats, and larger mammals. 

[0219] Monoclonal antibodies lo Rcplikins may be prepared by usmg any 

technique thttl. provides for tho production of antibody molecules. These include but 

25 are not limited to the hybridomi1 technique originally described by K.ohler and 

Milstein, (Nature, 1975, 256:495"497), the human B-ccll hybridonnt technique 

(K.o~bor el. al., J 983, Immunology Today, 4:72), in1d the EBY hybridoma tecbnique 

(Cole ct al., Monoclonal Antibodies nnd Cancer Therapy, Alan lt Liss, Inc., pp. 77" 

96). Jn addition, techniques developed for the production of chimeric antibodies 

30 (Morrison ct al., 1984, Proc. Nat. Acad. Sci USA, 81:6851-6855) or other 

techniques may be used. Alternatively, techniques described for the production of 

single chain antibodies (US 4,946, 778) can be adapted to produce Replikin~specific 

single ch(.lin antibodies. 
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[0220] Particularly useful antibodies of the invention arc those that specifically 

bind to Rcplikin sequences contained in peptides and/or polyp~ptidcs of influenza 

v1n1s. For example, antibodies to any of peptides observed to be pr<,scnt in <111 

s emerging Ol' re-emerging strain of influenza virus <1nd combinati()ns of such 

antibodies are uscfol in the treatment and/or prevention of influenza. Similarly, 

antibodies to any Rcplikins present on malaria antigens and cornbinations of such 

antibodies are nsefol in the prevention and trcatm.ent ofrnal<iria. 

lO [0221] Antibody fragments which contain binding sites for a Replikin may be 

generated by known techniques. For example, such fragments include but are not 

limited to F(ub')2 fragments which can be produced by pepsin digestion of Ow 

antibody molecules and the Fab fragments tlut can be generated by reducing the 

disulfide bridges of the F(ab')2 fragments. Alternatively, Fab expre~sion librarks 

15 can be generated (Hu:;c ot :il., 1989, Science, 246:1275-1281) to allow rapid and 

eusy identification ofmm)()clonal 17ab fragments with the desired specificity. 

[0222] The fact that antimalignin antibody is increased in conccntmtion m 

lrnnrnn maligrn111cy regardless of cancer coll type (Figure 5), and tlwt this antibody 

20 binds to malignant cells regardless of cell typ(e now may be explained by the 

presence of the Replikin structures herein found to be present in most malignancies 

(Figure l and Table 2). Population studies have shown that antimalignin antibody 

increases in concentntion in healthy adults with age, and more so in high-risk 

families, as the frequency of cancer increases. An additional two-fold or greater 

25 antibody increase, which occurs in early malignancy, has been independently 

confirmed with <l sensitivity of 97'1<> in brc<1st Ci1ncers 1-lO mm in siz(J. Shown to 

localize preferentially in malignant cells in vivo, histocheniically the untibody does 

not bind to normal cells hut selectively binds to (Figure 4a,b) and is highly cytotoxic 

to transformed cells in vitro (Figure 4c-f). Since in these examples the same 

30 antibody is bound by several cell types, that is, brain glioma, hematopoietic cells 

(leukemia), and snuill cell carcinoma of lung, malignant Rep!ikin class unity is again 

ckmon~trated. 
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[0223] Antimalignin does not incre<1se with benign proliforalion, but 

specifically increases only with lna!ignant transformation and replication in breast in 

vivo and returns from elevated to normal values upon elimination of rnalignant cells 

(Figure 5). Antimalignin antibody concentration has been shown to relate 

5 quantitatively to the survival of cm1ccr patients, that is, the more antibody, the longer 

th0 ~urvival. Taken together, these results suggest that anti·Replikin antibodies mny 

be a part of a mechanism of control (lf cell trnnsfonnnlion and replic(ttion. 

Augm\entation of this immune response may be usefo.l in tho control of replication, 

either actively with synthetic Replikins <18 vaccines, or passively by the 

IO administrulion of anti-Rcplikin antibodies, or by the introduction of non-immune 

based organic agents, such as for example, carbohydrates, lipids rind the like, which 

arc similarly designed to target the Replikin specifically. 

[0224] ln another cmbodi1mmt of the invention, imrnuno scrum containing 

15 antibodios to one or mnrCJ Roplikins obtainud from an individual exposed to one or 

more Rcplikins may be used to induce passive immunity in another individtml or 

animal. Imrnune serum nwy be administered via i.v. to a subject in need of 

treatment. Passive immunity also can be achieved· by injecting a recipient with 

preformed antibodies to one or more Replikins. Passive inununization may be used 

20 to provide immediate protection to individuals who have been exposed to an 

infectious orgnnimn. Administration of immune scrum or preformed antibodies is 

routine nnd the skilled practitioner can readily asccrt<1in the amount of scrum or 

antibodies needed to achieve the desired effect. 

25 SYNTHETIC REl'LIKIN VACCINJ<:S (ACTIVE IMMUNITY) 

[0225) Synthetic Rcplikin vaccines, based on Rcplikins such as the glioma 

Replikin (SEQ ID NO.: I) "kagvaflhkk" or the hcpatiti~ C Replikin (SEQ JD NO.: 

18) "hyppkpgcivpak", or HIV Replikins such as (SEQ ID NO.: 5) "kcfocgkegh" or 

(SEQ ID NO.: 6) "kvyh1wvpahk" or preferably, an influenza vaccine based on 

30 conserved and/or emerging or rc··cmerging Replikin(s) over a given time period may 

be used to augment antibody concentration in order to lyse the respective virus 

infocted coils and rckaso virus ex(nt('ellularly where chemical treahw::nt can then be 

effoctivc. Similitrly, a malaria vaccine, based on Rcplildns obs~>rved in Ph1$modiun1 
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falcip:inun malaria antigens on the n10rozoitc surface or within the parasitophorous 

vacuole, for example, can be used to generate cytotoxic antibodies to malaria. Table 

7 shows the relation of shortening or compacting or Replikin sequences to mortality 

n1te caused by !he organisms which contain these Replikins, to as short as seven 

s amino acids. This correlation has been found by us to be a general phenomenon 

regardless of' the type of organism. We have also found that there may he a 

progression over time to the shortened Rcplikin structure, as in influen:.w and SARS 

Vll'USBs. There is abundant evidence that there are constant evolutionary i1nd 

competitive pressures for the emergence of constantly increasing "efficacy" of each 

JO infoctious organism. Based upon these observations, and by projection, it would 

appear that if evolutionary pressures are towards shorter and shorter Replikins, with 

higher and higher concentrations of lysine (k), to as high as 70% as in EEL leukemia 

(Table 7), then the projected theoretical ideal would be the shortest possible 

Replikin permitted by the algorithm which defines a Rcplikin, that is six amino acids 

15 (two ks six to ton amino acids apart), with the highest possiblo % k ( 800 Example 

below in deduced Replikin "kkkkhk", which contains 83.3% k, .5/6, and one 

obligatory "h"). We have therefore, so-to-speak, tal\e.n what appears to be, or might 

be, the next cvolutionnry step, not apparently as yet takon by the organisms 

themselves, <ll.ld devised the resultant dccluccd Rcplikins to use as general vaccines. 

20 These Rcplikins which we havo deduced have rnaxinmm %'k's, therefore 

maximum potential binding capacity, plus the constituent 'h' by definition required 

Jbr the Rcplikin, giving the potential for 'h' connection lo rcdox energy systems. 

These devised Replikins are least likely to be cleaved by organisms because of their 

short length (proteins are cleaved to 6 to I 0 amino acids long in processing for 

25 presentation to and n'cognition by immune cells), therefore most likely lo present 

intact to· immunc-·-forrning ~pparatuses in the organism to which they arc 

administered, and, because of their high k content, they ~tr<: most likely to gencr:1te a 

maximum irnmunc response which milnics and mny increase the maxim.um sLLch 

response which can be gcn"rated against short homologous high mortality Rl'lplikins. 

30 Further, we have found that high % k Roplikins generate the highest antibody 

responses when administered to rabbits. These synthetic peptides, designed by us, 

are designated as Universal synthetic cpitopcs, or "UTOPE"s , and the V(tccines 

based upon these UTOPEs, are designated "UVAX"s. UV AXs, deduced synthetic 
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vaccines, may he used as sole vaccine.s or as acljuvants when administered with more 

specific Rcplikin vaccines or other vaccmes. The following are examples of 

deduced UTOPEs and UV AXs: 

DEVISED SYNTHETIC REPLJKlN 

(UTOPE OR UV AX) 

kkkkhk 

kkkhkk 

kld1kkk 

khkkkk 

kkkkkkh 

klckkkhk 

kkkkhkk 

kkkhkkk 

lckhkkkk 

khkkkkk 

hkkkkkk 

SEQ JD NO: 

732 

733 

734 

735 

736 

737 

738 

739 

740 

741 

742 

[0226] Recognin and/or Replikin peptides may be administ<;:rcd to a subject to 

induce tho immune system of the subject to produce anti·Replikin antibodies. 

20 Generally, a 0.5 to about 2 mg dos;1ge, preferably a I mg dosage of each peptide is 

administered to the subject to induce an immune response. SubsequMt dosages may 

be administered if desirced. 

(0227] The 11.eplikin sequence strud1H"e is ;issociatcd with the lltnction of 

25 replication. Thus, whether the Replikins of this invention are used for targeting 

sequences that contain Replikins for the purpose of diagnostic identil:kittion, 

promoting replication, or inhibiting or attacking replication, for example, the 

structure-function relationship of the Replikin is fundamental. 

30 (0228] It is preferable to utilize only the specific Replikin structure when 

seeking to induce antibodies that will recogniz.e and r1ttach to the Rcplilcin fragment 

and thereby cause destruction of the cell. Even though the larger protC1in sequence 
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may be known in the art as having a "replication associnted [·unction," vaccines 

using the larger protein otlen have failed or proven ineffective. 

(0229) Although the present inventors do not wish to b" hdd to a single 

5 theory, the studies herein suggest that the prior art vaccines arc ineffective because 

they are based on the use of the larger prote.in seqn<\1ICC. The larger protein 

sequence invariably has one or more epitopes (independent antigenic sequences that 

can induce specific antibody formation); lZeplikin structures usually comprise one of 

these potential opitopes. Th<0 presence of other cpitopcs within the h1rgcr protein 

10 may interfere with adequate formation of antibodies to the Replikin, by "flooding" 

the imniune system with irrcolevant antigenic stimuli that may preempt the Replikin 

antigens, See, e.g., Webster, R.G., J. lmmunol., 97(2): 177-183 (1966); and Webster 

et al., J. Infoct. Dis., 134:48--58, 1976; Kl.enerman et al; Nature 394:421"422 (1998) 

for a discussion of this well-known phenomenon of antigenic piimacy whereby the 

15 first peptide epitope presented and recogni)';cd by the immune systom subsequently 

prevails and antibodies arc niado to it even though other peptide epitopcs arc 

prcsenkd ;it tho same time. This is another reason th<ll, in a vaccine fbnnulation, it 

is important to present the constant Replikin peptide to the im1m1ne ~ystcrn first, 

before presenting other epitopcs from the organism so that the Roplikin is not prc-

20 empkd but lodged in immunological memory. 

[0230] The fonnation of an antibody to n 11011-Replikin cpitopc n1ay allow 

binding to the cell, but not necessarily lead to cell destruction, The presence of 

structural "decoys" on the (>termini of malaria protoins is another aspect of this 

25 ability or other epitopcs to interfere with binding of cffectivo anti-Rcplikin 

nntibodies, since the decoy epitopcs have many lysine rcsidoos, but no histidine 

residues. Thus, decoy opitopes may bind ;u1(.i,R\oplikin <inl.ibodiGs, but may keep tho 

antibodies nway from histidine-bound respiratory cnzyrncs. Treatment may 

therefore be most cfi1cacious .in two stages: I) proteases to hydrolyze decoys, then; 

30 2) anti-Replikin antibodies or other anti-Rcplikin agents. 

[02311 It is well known in the art that in the course of antibody production 

against a "foreign" protein, the protein is first hydrolyzed into smaller fragments. 

109 



WO 2005/0 IOOJZ l'CT/l!S2004/0 l 7936 

Usually fragments containing from about six to ten amino acids me selected for 

antibody formation. Thus, if hydrolysis of a protein does not result in Rcplikin­

containing frngments, anti-Replikin <intibodics will not be produced. In this regard, 

it is interesting thal Rcplikins contain lysine residues located six to ten amino acids 

5 apaii·, since lysine residues a~·c kn.own to bind to membranes . 

[0232) .Furthermore, Replikin sequences contain ill least one histidine residue. 

Histidine is frequently involved in binding to redox centers. Thus, an antibody that 

specifically rec<lgni?.cs a Replikin sequence has a better chance of inactivating or 

JO destroying the cell in which tho Rcplikin is located, as seen with anti-rnnlignin 

antibody, whieh is perhaps the m.ost cytotoxic anti-cancer antibody yet described, 

being active at picograms per cell. 

[0233] One of the teasons that vaccines directed towards a particular protein 

15 (mtigcn of a disease causing agent have not been folly cffcctivo in providing 

protection against the disease (such as t<.1ot and mouth vaccine which hns been 

developed against the VPJ protein or large segments of the VP! protein) is that the 

best antibodies have not been produced, that is - it is likely that the antibodies to the 

Replikins have not been produced. R.eplikins have not been produced. That is, 

20 oilher cpitopcs other than Replikins present in the larger protein fragments may 

interfere ;wcording to the phenomenon of antigenic primacy mferrcd to above, 

and/or because the hydrolysis of larger protein sequences into smaller sequences for 

processing to produce antibodies results in loss of integrity of any Rcplikin structure 

that is present, e.g., tho Replikin is cut in two and/or t!H: histidine residue is lost in 

25 the hydrolytic proc"'ssing, The present studies suggest lhat Jor an effective vaccine 

to be produced, tho Rcplikin sequences, and no other epitope, should be used as the 

vaccine. For example, a vaccine of the invention can be generated using any one of 

the Replikin peptides identified by the thrce"point recognition system. 

30 10234] 1';1rlieularly preferred peptides " for example - an influenza vuccinc 

include peptides that: havo been demonstrated to be conserved over a period of on0 

or more years, preferably about three yearn or more, :md/or which are present in a 

strain of influo1na virus shown to have the highest increase in concentration of 
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Rcplikins relative to Rcplikin concentration in other inflnenza virus strains, e.g., an 

emerging strnin. The increase in Il.oplikin concentration preferably occnrs over a 

period of at least about six months to one ye:ir, preferably at least about two years or 

more, and most preferably about three years or more. Among the proJcrrcd Roplikin 

5 peptides for use in an influenza virus vi1ccine arc those Replikins observed to "re·· 

emerge" afkr an absence from the homagglutinin amino acid sequence for one or 

more years. 

[0235] The Rcplikin peptides of the invention, alone or in various 

l O combinations <tre administered to 11 subject, preferably by j. v. or intramuscular 

injection, in order to stimulate the immune systern of tho subject to produce 

antibodies to the peptide. Generally the dosage of peptides is in the range <lf from 

about 0. l ftg to about lO mg, prnforably <ibou( IO [tg to about J mg, and most 

preferably about 50 ftg to about 500 ug. The skilled practitioner can readily 

15 determine the dosage. mJ.d nurnbcr of dosages needed to produce an eff.cctive 

inm1une response. 

20 

25 

QUANTITATIVE MEASUR.EM.ENT EAlU,Y RESPONSE(S) TO R.EPLIKIN 

VACCINES 

(0236] The ability to measure quantitatively the early specific antibody 

response in days ot (l few weeks to a H.eplikin vaccine is a major practical advantage 

over other vaccines for which only a clinical response months or years lat:er can be 

measured. 

ADJUVANTS 

[0237] Various acijuvants may be used to enhance the immunological 

response, depending on the host spedes, including but not limited to Freund's 

(complete and incomplete), mineral gels, such as aluminum hydroxide, surface 
' 

30 active substances such as Jysolecithin, pluronic polyols, polyanions, peptides, oil 

emulsions, key limpet hemocy<tnin, dintrophenol, and potentially useful human 

adjuvants such as BCG and Corynebacteritnn parvum. In addition to tho usc of 

synthetic TJTOPEs as vaccines in themselves, UTOPHs can be used as adjuvants to 

other Rcplikin vaccines and to non-Replikin vaccines. 
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REPLJKIN NllCLEOTIOE SEQlJENCES 

[0238] Rcplikin DNA or RNA may have a number of uses for the diagnosis of 

diseases resulting from infection with a virus, bacterium or other Rcplikin encoding 

5 agent. For example, Rcplikin nucleotide sequences m;1y be used in hybridization 

ass<iys of biopsied tissui:: or blood, e.g., Southern or Northom analysis, including in 

situ hybridization assays, to diagnose the presence of a particular organism in a 

tissue sample or an environmental sample, for example. The present invention also 

contemplates kits containing antibodies specific for particular Replikins that are 

JO present in a particular pathogon of interest, or containing nucleic acid molecules 

(sen.so or antiscnsc) that hybridize specifically lo a particubr Rcplikin, and 

optionally, various hullers and/or reagents needed for diagnosi$. 

[0239] Aho within the scope of the invention are oligoribonucleoticlc 

15 sequences, that include anti.some RNA and DNA m.okculcs and ribozymes that 

flmction to inhibit the translation of Rcplikin" or reeognin"conta.ining mRNA. Both 

antisense RNA and .DNA molecules and ribozymcs may be prepared by any 1nethod 

known in the art. The antisense molecules can be ine<Jrporatcd into a wide variety of 

vectors for delivery to a subject. The skilled practitiom:.r can re<1dily determine the 

20 best ronte of delivery, although generally i.v. or i.m. delivery is routine .. The dosage 

amount is also reMlily ascertainable. 

(0240] Particularly preferred antiscnse nucleic acid molecules arc those that 

arc compl(Jmentary lo a Replikin sequence contained in u mRNA encoding, for 

25 example, an influenza virus polypeptide, wherein tho Roplikin sequence comprises 

from 7 to about 50 amino ;u;ids including (l) at Jc,1st one lysine residue located six 

to ten residues from a second lysine residue; (2) at least one histidine residue; and 

(3) at least 6% lysine residues. Moro preferred arc antisonse nucleic acid molecules 

that are con1pkmcntary to a Replikin present in the coding strand of the gene or to 

30 the mRNA encoding the influc1na virus hernagglutinin protein, wherein the 

antisense nticleic ncid molecule is complementary to a nucleotide sequence encoding 

a Replikin that has been demonstrated to be conserved over a period of six months to 

one or more years and/or which are present in a slniin of influenza virus shown to 
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have an increase in concentration of Replikins relative to Rcplikin concentration in 

other influenza virus slntins. Tho in(,rQ~tse in Rcplikin concentration prefernbly 

occurs over a period of at least six months, prefornbly about one year, most 

preferably about two or three y(,ars or more. 

(0241) Similarly, antisense nucleic acid molecules that are complcmcntmy to 

mRNA tliose that arc c01npkmcntary to a mRNA encoding bacterial Replikins 

comprising a Replikin seque.ncc of from 7 to about 50 amino acids including (l) at 

kast one lysine residue located six to ten residues from n second lysine residue; (2) 

IO nt least one histidine residtie; and (3) at least 6% lysine residues. More preferred arc 

anti sense nucleic acid molecules that are complement:nry to the coding strand <Jf the 

gene or to the mRNA encoding a pro loin of tlw bacteria. 

DJAGNOSTlC Al'PLICATIONS 

15 [0242] For or-g<misms such as diatom plankton, foot and mouth disease virus, 

tmnato leaf curl gcmini virus, hepatitis B and C, HIV, influenza virus and malignant 

cells, identified constituent Replikins ar<l uwfol as vaccines, and also may be 

usefi.tlly targeted for diagnostic purposes. For exmnple, blood collected for 

transfusions may be screened for contitmination of organism.s, such as HIV, by 

20 screening for \be presence of Roplikins shown to be specific for the contamination 

orgamsm. Also, screening for Rcplildn struct11r0s specific for a particular 

pathological organism leads to diagnostic detection of the organism in body tissue or 

in the environment. 

25 REPLIKJN STIMULATION OF GROWTH 

[0243] Jn another embodiment of the invention, Rcplikin structures arc used to 

increase the replication rnte of cells, tissues or organs. A method is available to 

increase rnplication rates by the addition of specific Replikin structures for other 

cells, tissues or organs that it is desired to replicate more nipidly, together with or 

30 without appropriate stimulae to cell division !mow in the ;1rt for said cells, tissues or 

organs to increase the rate of replication and yield. This may be accomplished, for 

example, by methods known in the art, by modifying or transl.orming fl gene 
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encoding for or nssociatcd with a protein or enzyme having a replication Jimction in 

the organism with at least one RepJikin s!rnct\ire. 

[0244] ln ~uiother aspect of the invention, Replikin stnicturcs an; used to 

5 increase the replication of organisms. The present invention dcmonstmtcs tlwt in 

influenza virus, for exmnple, increased r0plkation associated with epidemics is 

associated with inc:re,1scd concentration of Replikins. The increase is due io I) tho 

reappearance of ptu-ticular Rcplikin structures, which were present in previous yer1rs, 

but which then disnppeared for one or more years; and/or 2) by the appearance of 

lO new Rcplikin compositions. Jn addition, in malaria Roplikins, repetition of the st1me 

Replikin in a single protein occurs. Further, UTOPEs can be used to stimulation 

growth of an organism or to increase replication of organism~, 

[0245] Thus, the present invention provides methods and compositions for 

15 increasing the replic;1tion of organisms. Similarly, in the manner that R<:lplikins of 

different organisms can be ltU"gctcd lo inhibit replication of any organism, Replikins 

can ]J(, used lo increase tho replication of any mwmism. For example, production of 

rice, maize, and whci1t crops, which are critical to feeding large populations in the 

world, Cilll be improved, for example, by increasing the concentration (number of 

20 Replikins/100 amino acid residues) of any p<lrticular strain of rice. 

[024<ij As an example, in the Oryza sativf1 strain of rice, catalase isolated J.1.·om 

immature seeds w~1s observed to contain the .following different R<':p!ikins within the 

491 nmino acid sequence of the protein: 

25 k1}1dvihafkpnprsh (SEQ JD NO. 638) 

30 

k1]idvilu1flc (SEQ ID NO. 639) 

lrnryvkJl1wk (SEQ ID N0.640) 

hpkvspdraiwvnylsqedeslgvkianlnvk (SEQ ID NO. 641) 

lcatihkqndlk (SEQ ID NO. 642) 

happtpitprpvvgrrqkatihkqndfk (SEQ TD N0.643) 

kfrpsssfdtktttt1rngapvwndne;lllvgprgpilledyhlickvi1h (SEQ ID NO. 644) 

kfrpsssfdtkttttnagapvwndnealtvgprgpilledyn (SEQ ID NO. 645) 
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(02471 Thus, by using recombin;<nt gene cloning techniques well known in the 

art, the concentration of Replikin structures in 1111 organism, such as a food crop 

plant, can be increased, which will promot<J incrn<rncd replication of the organism. 

For example, inserting additional Replikin sequences, like !he Rcpl.ikins identified 

5 above, into the Oryza sativa cah1laso gene by methods woll know in the i1rt will 

promote this organism's replication. 

lO 

JS 

(0248] Similarly, in the N13S-LRR protein of Oryza saliva Uaponica cultivar 

group), !ht) foll.owing Replikins were found: 

[0249] 

kvkahfqkh (SEQ ID NO. 647) 

kvkahfqk (SEQ ID NO. 648) 

kdycidkddlih (SEQ JD NO. 648) 

hmkqcfafcavfj.1k (SEQ ID NO. 650) 

hvl'welvwrsffqnvkqigsifqrkvyrygqsdvttskihdlmhdbvh (SEQ ID NO. 65 l) 

kqigsifqrkvrygpsdvttskihdlmhdlavh (SEQ ID NO. 652) 

kqigsifqrkvyrygpsdvttskihdlmh (SEQ ID NO. 653) 

kqigsifr1rkvyrygqsdvttskih (SEQ ID NO. 654) 

Further, for aspartic proteinasc oryzasin l precursor protein, the 

20 following Rcplikins were found: 

khgvsagik (SEQ ID N0.655) 

htvfdygkmrvgfak (SEQ ID NO. 657) 

hsryksgqsstyqkngk (SEQ ID NO. 658) 

25 [02501 Similarly, in the MADS"box protein FDRMADS3 transcription factor 

30 

of Oryza saliva (indica cultivar-group), the frillowing Rcplikins were found: 

kqcamvlkqeinllqkglryiygnranah (SEQ ID NO. 659) 

kqcinllqkglryiygnraneh (SEQ ID NO. 660) 

kskegmllrnanoilqokivcqnglidvgmmv:idqqngh (SEQ ID N0.661) 

kmmeilq0kivoqnglidvgn1mvndqqngh (SEQ JD NO. 662) 
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[0251] Similarly, in LONI MAIZE (ATP-binding redox as~ociated Hydroiase; 

Serine protease; Multigene family; Mitochondrion), the following Rcplikins were 

found: 

kvlaahrygik (SEQ ID NO. 663) 

klki:unkhliprvleqh (SEQ JD N0.664) 

klkinmkh (SEQ JD NO. 665) 

k.!$lassiakalnrkfirislggvkdeadirgh (SEQ TD N0.666) 

kalnrkfirislggvkdendirgh (SEQ ID NO. 667) 

kfoislggvkdeaclirgh (SEQ ID NO. 668) 

10 kvrlskatclvdrhlqsilviteldtqkvegqlsksqk (SEQ ID NO. 669) 

15 

[0252) 

hlqsilv<10kitqkvcgglsksqk (SEQ ID NO. 670) 

kvrlskatelvdrh (SEQ ID NO. 671) 

kvggsavesskqdtkngkcpihwhskgvaaralh (SEQ JJ) NO. 672) 

kvggsavcsskqdtkngkepihwh (SEQ ID NO. 673) 

kvgg8;1vesskqdtkngkcpih (SEQ ID NO. 674) 

kqcltkngkcpihwhskgvaaralh (SEQ JD NO. 675) 

kqdtkngkepih (SEQ ID NO. 676) 

Similarly, for Glyceraldehyde 3··phospate dchyclrogcnase A, a 

20 chloroplast prec11rsor, the following Replikins are found: 

hrdltTaraaalnivptstgaaknvslvlpnlk (SEQ ID NO. 677) 

kvlddqkfgiikgtmttth (SEQ JD NO. 678) 

hiqagakkvlitapgk (SEQ IDNO. 679) 

hgrgdaspldviaindtggvkqashllk (SEQ JD NO. 680) 

25 hpshllk (SEQ JD NO. 710) 

[0253] Further, examples of rust resistance-like protein RPl-4 (Zea mays) 

found include the following Replikins: 

kvrrvlskclysslkqlmtlmmdclclisld1lqiiesgleercclkvw111kcniik (SEQ JD NO. 681) 

30 Jcvrrvlskdysslkqhntlmmdddiskh (SEQ JD NO. 682) 

hlqiiesgleercdkvwmkeniik (SEQ JD N0.683) 

hdlroniim!G1ddlask (SEQ JD NO. 684) 

hvqnlcnvigkdcalask (SEQ ID NO. 685) 
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kkqgyelrqlkdlnclggslh (SEQ ID NO. 686) 

kqgyelrqlkdlnelggslh (SEQ JD NO. 687) 

klylksrlkelilewsscngmdamnilh (SEQ ID NO. 688) 

hlqllqlng-111verlpukvcnlsklrylrgykdqipnigk (SEQ JD NO. 689) 

hlqllqlngmvorlpnkvcnlshylrgyk (SEQ ID NO. 690) 

hlqllqlngmvcrlpnkvcnlsk (SEQ ID NO, 691 ) 

lmsnklpksvgelk (SEQ ID NO. 692) 

klpkvgelkh (SEQ JD NO. 693) 

hlsvrvcsmqkhkciiyk (SEQ TD NO. 694) 

10 khkciiyk (SEQ ID NO. 695) 

15 

20 

25 

klrdilqesqkfllvldlalfkh (SEQ ID NO. 696) 

bafsgaeikdqllrmklqdtaeoiakrlgqcplaakvlgsnncn:k (SEQ ID NO. 697) 

hafsgacikdqll.1.rnk (SEQ ID NO. 698) 

klqdtaeeiakrlgqchmkvlgsnncrrkclia.ewkaadvwfolrnh (SEQ ID NO. 699) 

kvlgsrmcrrk:diaewkaadvwfeksh (SEQ JD NO. 700) 

kdir1cwkr1advwfoksh (SEQ JD NO. 701) 

kaaclvwfeksh (SEQ ID NO. 702) 

hvptttslptskvfgrnsdrdrivldllgkutiioasstk (SEQ ID NO. 703) 

kaiiteakqlrdllglph (SEQ ID NO. 704) 

kakaksgkgpllrcdossstattvn1kpfh (SEQ ID NO. 705) 

ksphrgkleswlrrlkcidyclaedlldeh (SEQ ID NO. 706) 

ksphrgkleswlrrlk (SEQ ID NO. 707) 

hrgkleswlrrlk (SEQ ID NO. 708) 

ksphrgk (SEQ ID NO. 709) 

10254] · As discussed previously, the Replikin in wheat ubiquitin activating 

enzyme E (SEQ ID No$. 6I4"6!6) is conserved. This conservation of Rcplikin 

structure provides reliable targets for stimulation of plant growth. 

30 [0255) The close relationship of Replikins to redox enzymes is also clearly 

indicated in this structure in wheat. Thus, this wheat ubiquitin activating enzyme E 

activates ubiquitin by first adcnylating with ATP its carboxy"tcnninal glycine 
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residue and, thcrcafrcr, linking this residue to the side chflin of a cystcine residue in 

El (SEQ ID NO. 614), yielding an ubiquitin"El thiolestcr and free AMP. 

[0256) A further example of !he rehttionship of wheal Replikins to rcdox 

5 enzymes was also found in the PSABWhcat Protein, Photosystern I P700 

chlorophyll A apoprotein AZ (PsaB) (PSI-B) isolated from bread Chinese spring 

wheat Chloroplast Triticum acstivum. This protein fonotions as follows: PsaA imd 

PsaB bind 9700, the primary electron donor of photosystern I (PSI), as well as the 

electron acceptors AO, Al, and FX. PSI functions as a plastocyanin/cytochromc c6-

l0 ferredoxin oxidoroductasc. Cofo.ctor P700 is a chlorophyll A dimer, AO is 

chlorophyll A, Al is a phylloquinone and FX is a 4Fe- 4S iron-sulfur center. The 

subunit A psaA/S hetcrodimer binds the P700 chlorophyll special pair and 

sutJsequcnt electron acceptors. The PSI reaction center of higher planls and algae is 

composed of one at least 11 subunits. This is an intcgn1l membrane protein of the 

1 s Chloroplast tbylakoid inembranc. The 4Fe-4S iron-suJJhr"ccnter" to which 'h' bind 

is critical; hence the significance of 'h' in Replikin structm:e. Next to bacterial 

Rcplikins, these wheat Rcplikins and plant Rt:plikins arc the most primitive 

evolutionary illtrntrations of the importance of the Replikin striicture to replication 

and the energy source needed for replication. This basic relationship carries through 

20 algae, virus Replikins, \n1ctcria, cancer cells, nnd apparently all organisnis with 

regard to replication. 

[0257] Further examples of Replikins were found in the PSAB Wheat protein, 

which is critical for wheat growth. These include: 

25 hlqpkwkpslswfknaesrlnhh (SEQ ID N0.617) 

hlqpkwkpslswfl( (SEQ JD NO. 618) 

kwkpslswfknacsrlnhh (SEQ ID NO. 619) 

kwkpslswflmacsrlnh (SEQ ID NO. 620) 

kpslowfanacsrlnhh (SEQ ID NO. 621) 

30 kpslswflrnaesrlnh (SEQ ID NO. 622) 

hhaialglhtttlilvkgakbrgsklmpdkk (SEQ ID NO. 623) 

haialglhtttlilvkgaldargskhnpdkk (SEQ ID NO. 624) 

hhablglhtttlilvkgaldargsk (SEQ ID NO. 625) 
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haialglhttllilvkgaldargsk (SEQ l.D N0 .. 626) 

htttlilvkgaldargsklmpdkk (SEQ JD N0.627) 

htttlilvkgald<irgsklmpdk (SEQ ID NO. 628) 

bi.i:tlilvkgaldargsk (SEQ ID NO. 629) 

PCT/llS2004/017931> 

[0258] A further example of the relationship of wheat Replildns to re<lox is 

provide in the PSAA_ WHEAT Photosystem I 9700 chlornpbyll A apoprotcin Al, 

that include: 

hhhlaiailfliaghmyrlnwgighglkdilcahkgpftgqghk (SEQ ID NO. 630) 

hhlaiailfliaglunyrtuwgighglkdileahkgpftgqghk (SEQ JD NO. 631) 

hbiHilfliaghrnyrlnwgighglkdileahkgpflgqghk (SEQ JD NO. 632) 

hmyrlnwgighglkdilcabkgpfl:gqgbk (SEQ TD NO. 633) 

hglkdileahkgpfrgqghk (SEQ ID NO. 634) 

hdilcahkgpftgqghk (SEQ ID NO. 635) 

hkgpftgqghk (SEQ TD NO. 636) 

kgpJlgqghk (SEQ JD NO. 637) 

COMPUTER SOI<'l'W AJU: FOR lDENTIFYJNG REPLIKINS 

[02591 The present invention also provides n1othods for identifying Replikin 

20 sequences in an amino add or nucleic acid sequence. Visual scmming of over four 

thousand sequences was performed in developing the present 3-point-recognition 

methods. However, data b(ln\cs comprising nucleotide and/or amino acid sequences 

can also be scanned by computer for the presence of sequences meeting the 3 point 

recognition requirements. 

25 

10260) According lo anothor embodiment of !he invention, three-point 

recognition methods described herein may b(! performed by a computer. Figure 6 is 

a block diagram of a computer available for use with the foregoing embodiments of 

the pres<;:nt invention, The computer may incluc!c a processor, an input/output 

30 device and a memory storing executable program instructions representing the 3-

point-rccognition methods of the foregoing embodiments. The memory may 

include a static memory, volatile memory and/or a nonvolatile memory. The static 

mornory conventionally may be a read only memory ("ROM") provided on a 
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magnetic, or an dcclrical or optical storage medium. The vobtilc rneimory 

conventionally may be a random accessmernory ("RAM") and may be integrated as 

a cache within the processor or provided externally from the processor as a separate 

integr;J.ted circuit. The non-volatile 1mmwry may be an clectricnl, magnetic or 

5 optical storage medium. 

{0261} From a proteomic point of view the construction of a "3-point: 

recognition" template based on the new glioma peptide sequence led din::ctly to 

identification or a biology-wide class of proteins having relakd structures and 

10 functions. The operation of tbe 3-point-nxognition method resembles idcntifirnlion 

by the use of a "keyworcl"search; but instead of using the exad spelling of the 

keyword "kagvaflhkk" (SEQ ID NO.: 1) as in a typical sequence. homology search, 

or in tho nucleotide specification of an amino acid, an abstraction of the keyword 

delimited by the "3-poinH.'eeognition" paran1etcrs is used. This delimited 

15 abstra.ction, although derived from a singk relalivdy short amino add sequence 

leads to identification of a Glass of proteins with strncturcs thnt are defined by the 

same specifications. That particular limctions, in tbi.8 case transformation and 

replication, in addition to structures, turn out also to be shared by mernbers of the 

exposed class suggests that these strnclures and ii.mctions are related. Thus, from 

20 this newly identified short peptide sequence, a molecular recognition 'language' has 

been formulated, which previously has not been described. Further, the sharing of 

irnmunological specificity by diverse members of the class, as here dcmonstrnted for 

the c'mcer Rep!ikins, snggcsts that B cells and their product antibodies recognize 

Rcplikins by means of a simibr recognition language. 

25 

OTHER USES OF THE THREE POINT HECOGNJTJON METHOD 

[0262) Since "3-poinHecognition" is a protcomic method that specifies ll 

particular class of proteins, using three or more different recognition points for other 

peptides similnrly should provide useful information concerning other protein 

30 classes. Further, the "3-point- recognition" method is applicable to other recognins, 

for example to the TOLL 'innate' recognition of lipopolyssacharides of organisms. 

The throe point recognition method may also be modified to identify other useful 

compounds of covalently linked organic molecules, including other covalenlly 
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linked amino acids, nucleotides, carbohydrates, lipids or combinations thereof In 

this embodiment of the invention a sequence is screened for subsequences 

containing three or more desired structural characteristics. In the case of screening 

compounds composed of covalenl.ly linked amino acids. lipids or C<ltbohydratcs tho 

5 subsequence of 7 to itbout 50 covalently linked units should contain (1) at kast one 

first amino acid, carbohydrate or lipid residue located seven to ten rnsidues from a 

second of the first amino acid, carbohydrate or lipid rcsidm>; (2) encoding at least 

one second amino ;icid, lipid or carbohydrate residue; and (3) at least 6% of the first 

amino acid, carbohydrate or lipid residue. In the case of screening nuclootide 

JO sequences, the subseqt~enco of about 21. to about 150 nucleotides should contain (!) 

at least one codon encoding '' first amino acid locatccl within eighteen to thirty 

nucleotides from a second codon encoding the first amino acid residue; (2) at li;\ast 

one second amino acid residue; and (3) encodes nt least 6% of said first amino acid 

residue. 

15 

[0263] Several embodirnents of the present invention arc ·specifically 

illustrated and described herein. However, it will be appreciated that modifications 

and variations of tbe present invention are encompassed by the above teitehings and 

within the purview of the ~tpp<:inded claims without departing from the spirit and 

20 intended scope of the invention. 

EXAM.l'LE 1 

PROCESS FOR EXTRACTION, ISOLATION AND 
IDENTIFICATION OF REPLIKlNS AND TUE usr: OF RB'PLJKINS TO 

25 TARGET, LABEL OR DESTROY RBPL/KJN-CONTAINING ORGANISMS 

n) Algae 

[02<i4] The following algae were collected from Bermuda water sites and 

either extracted on the san1c clay or fr()zen at -20 degrees C and extracted the next 

30 day. The algae were homogenized in a cold room (al 0 to 5 degrees C) in 1 gram 

aliquots in neutral buffer, for example I 00 cc. of 0.005M phosphate buffer solution, 

pl-1 7 ("phosphate buffer") for 15 minutes in a Wiu'ing blender, centri.fogcd at 3000 

rpm, and the supernatant concentrated by pcrevaporation and dialyz(:d against 

phosphate buffer in the cold to produce a volume of approximately 15 ml. The 
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volume of this extract solution was noted and an aliqu.ot taken for protein analysis, 

and the remainder was fractionated to obtain the protein fraction having a pK ra11gc 

between l and 4. 

5 [0265] The preferred method of fractionation is chromatography as follows: 

10 

15 

20 

The extract solution is fractionated in the cold room (4° C) on a DEAE cellulose 

(Ccllcx"D) column 2.5x11.0 cm, which has been equilibrated with O.OOSM 

phosphate buffer. Stepwise ch1ting solvent changes are made with the following 

solutions: 

Solution 1" 4.04 g. NaH2P04 and 0.5g NaH2P04 Hre dissolved in 15 litres of 

distilled water (0.005 molar, pH 7); 

Solution 2 - 8.57 g. NaH2P04 is dissolved in 2,480 rnl. of distilled water; 

Solution 3 ·· l 7. l g. ofNaH2P04 is dissolved in 2480 ml of distilled water 

(0.05 molar, pFl 4.7); 

Solution 4 - 59.65 g. ofNal-!2P04 is dissolved in 2470 ml distilled water 

(0.175 molar); 

Solution 5" 101.6 g. ofNaH2P04 is dissolved in 2455 ml distilled water 

(pH 4.3); 

Solution 6 - 340.2 g. ofNaH2P04 is dissolved in 2465 of distilled water 

(1.0 molar, pX-i 4. l); 

Solution 7 - 283.63 g. of 80'% phosphoric acid (II3P04) is made up in 2460 

ml of distilled water (1.0 molar, pH 1.0). 

[0266] The extnict solution, in 6 l<l 10 ml volunN, is passed onto the column 

25 and overlayed with Solution l, and a reservoir of 300 ml of Solution I is attached 

and allowed to drip by grnvity onto the column. Three ml aliquots of eluant arc 

collected and amtlp.ed for protein content at OD 280 until all of th"' protein to be 

removed with Solution 1 has been remove(\ from the column. Solution 2 is then 

applied to tho column, followed in succession by Solutions 3, 4, 5, 6 aid 7 until nll of 

30 the protein which can, bo removed with each Solution is removed from the column. 

The eluates from Solution 7 are combined, dialy2ed 11g<1inst phosphate buffer, tho 

protc.in content determined of both dialysand and dialyzate, and both analyzed by gel 

electrophoresis. One or two bands of peptide or protein of molecular weight 
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between 3,000 <llld 25,000 Daltons arc obtained in Solution 7. For example the 

algae Cauleqia mexicana, Laurcncia obtura, Cladophcxa proliforu, S:irgassttm 

m1tans, Caukrp<l vc1tidllata, Halimeda tuna, and Penicillos capitatus, after 

extraction and treatment ns abov0, all demonstrated in Solution 7 eluates sharp 

s peptide bands in this molecular weight region with no contaminants. These Solution 

7 proteins or their eluted bands are hydrolyzed, and the amino acid composition 

determined. The; peptides so obt.1incd, which have a lysine composition of 6% or 

greater are Replikin precursors. ThesB Rcplikin peptide precursors i1re then 

determined for i1mino acid ~equBnCo and the Replikins aro dotermincd by hydrolysis 

10 and mass spectrometry as dditil0d in U.S. Patent 6,242,578 Bl. Those that fulfill 

the criteria defined by the " 3-poinh·ocognition" method are identified as Rcplikins. 

This pniccdure can also bB applied to obtain yeast, bacterial and any plant Replikins. 

15 

b) Virus 

(0267) Using the sani.c cxtroction and column chromatography separ;1tion 

methods as above in a) for algae, Rcplikins in viru.~-infocted cells are isolnted and 

identified. 

c) Tumor cells in vivo and in vitro tissue culture 

20 [0268] Using the same Bxtraction and column chromatography scpanition 

methods as above in a) for algae, Rq)likins i11 tumor cells nm isolated and identified. 

For example, Replikin precursors of Astrocytin isoliikd from malignant brnin 

tumors, Malignin (Aglyco !OB) isolated from glioblastoma tumor cells in tissue 

culture, MCF7 mammary carcinoma cells in tissue culture, and P3.l Lymphoma cells 

25 in tissue culture each treated as abovtl in a) yielded Rep likin precursors with lysine 

content of 9.1 %, 6.7%, 6.7%, and 6.5% rcspt:ctively. Hydrolysis and mass 

spcclromclTy of Aglyco !OB as described in Example 10 U.S. 6,242,578 Bl 

produced the amino add sequence, ykagval1hkkndiide the 16-mer Rcplikin. 

30 EXAMPLE 2: 

[0269] As an example of diagnostic use of Replikins: Aglyco !OB or the 16-

mer Replikin may be used as antigen to capture and quantify the amount (lf its 
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corresponding antibody present in scrum for diagnostic puqJoses arc as shown in 

Figures 2, 3, 4 and 7 of U.S. 6,242,578 Bl. 

[0270] As an example of the production of agents to attach to R.eplikins for 

5 labeling, nutritional or des!rnctive purposes: Injection of the 16-mcr Replikin into 

rabbits to produce the specific antibody to the 16-mcr Replikin is shown in E1w111ple 

6 m1d Figures 9A and 9B of U.S. 6,242,578 Bl. 

[027l] As an example of the \1se of agents to label Replikins: The use of 

10 antibodies to the 16··mcr Rcplikin to label specific cells which contain this Rcplikin 

is shown in Figure 5 and Example 6 of U.S. 6,242,578 Bl. 

10272) As an example of tho uso of agents to destroy Replildns: The use of 

antibodies to the l (j .. mer Replikin to inhibit or destroy specific cells which contain 

15 this Replikin is shown in Figure 6 of U.S. 6,242,578 BI. 

EXAMPLE 3 

[0273] Analysis of sequence data of isolates of inflLrnnza virus hernagglutinin 

protein or neuraminidase protein for the presence and concentration of Replikins is 

20 carried out by visual scanning of sequences or through tise of a computer program 

based on the 3,.point recognition system described herein. Isobtes of influenza virus 

are obtained and the amino acid sequence of the influenza hcrnagglutinin i111c1/or 

neuraminidasc protein is obtained by any art known method, such as by sequencing 

the hcmagglutinin or neurnmini.dase gene and deriving the protein sequence 

25 therefrom. Sequences are scanned for the presence of new Rcplikins, conservation 

of Replikins over time and concentration of Replikins in each isohLtc. Comparison 

of the Rcplikin sequences imd concentrations to the amino ;icid sequences obtained 

from isolates al <DJ c<1rlier time, such as about six 1.nont:hs to abotit three yc,1rs earlier, 

provides data that arc used to predict the enmrgence of strains that arc rn.ost likely to 

30 be the cause of influcnz.a in upcoming flu seasons, and that fonn the basis for 

seasonal influenza peptide vaccines or nucloic acid b<1sed vaccines. Observation of 

an increase in concentration, particularly :1 stepwise increase in concentration of 

Repli!dns in a given strain of influenza virus for a period of about six months to 
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about three years or more is a predictor of emergence of the strain as a likely cause 

of influenza epidemic or pandemic in the future. 

[0274) Peptide vr1ccines or nucleic acid-based vaccines based on the Replikins 

5 observed in the emerging strain r1re generated. An emerging strain is identified as 

the strain of influenza virus having the highe~t increase in concentration of Rcp!ikin 

sequences within the hemagglutinin and/or neuraminidase sequence during the time 

period. Preferably, the peptide or nucleic acid vaccine is based on or includes any 

Replikin sequences that are observed lo be conserved in th<o emerging strain. 

10 Conserved Replikins are preforably those Replikin sequences that are present in the 

hemagglutinin N nemaminidasc protein sequence for about two years and preferably 

longer. The vaccine~ rnay include any combination of Rcpliki11 s(;quenccs 

identified in the emerging strain. 

15 [0275) For vaccine production, the: Rcplikin peptide or p<0plidcs idcntiikd ns 

uscfiJJ for <lll effective vaccine are synthesized by any method, including chemical 

synthesis and molecular biology techniques, including cloning, expression in ii host 

cell and purification therefrom. Tho peptides are preferably admixed with a 

pharmaceutically acceptable carrier in an amount determined to induce a therapeutic 

20 antibody reaction thereto. Gcnomlly, the dosngo is about 0.1 ftg to about 10 mg. 

[0276] The influon:>;a vaccine is prcforably administered to a patient in need 

thereof prior to the onset of "flu season." Influenza flu season g011<0rally occurs in 

late October and lasts through late April. However, the vaccine may bo 

25 administered at ~ny time during the yeur. .Preferably, the influenza vaccine is 

administered once yearly, and is bHscd on Replikin sequences observed to be 

present, and prcforabl.y conserved in the emerging stra.in of influenw virus. Another 

preferred Replikin for inclusion in an influenza vaccine is a Replikin demonstrated 

to have re-emerged .in a strain of influenza after an absence of one or more years. 

30 

EXAMPLlt4 

[0277} Analysis of seque.nee datn of isolates of coronavirus nucleocapsid, or 

spike, or envelope, or other protein for the presence and concentration of Rcplikins 
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is carried out by visual scanning of sequences or thrnugh use of a computer program 

based on the 3-point recognition method described herein. Isolates of cornnavirus 

arc obtain<:>d and the amino acid sequence of tho corona virus protein is obtained by 

any method known in the ait, such <is by sequencing the protein's gone and deriving 

5 the protein sequence tberefrorn. Seqncnces are scanned for the presence of new 

Rcplikins, conservation of Replikins over time and concentration of Replikins in 

each isolHte. Comparison of the Roplikin sequences and concentn1tions to the amino 

acid sequences obtained from isolates [\[ an earlier time, sL1cb as about six months to 

about three years earlier, provides data that are used to predict the emergence of 

IO stwins that are most likoly to be the cause an outbreak or pandemic, and that form 

the basis for coronavirus peptide vaccines or nL1clcic :1cid based vaccines. 

Observation of an increase in ooJJO(Jntration, pa1ticularly a stepwise increase in 

concentration of R<!plikins in a given class, or strain, of coronavirus for a period of 

;!bout six months to. about three years or n1ore is a predictor of emergence of the 

l 5 strain as a likely cause of an epidemic or pandemic, such as SARS, in the future. 

[0278] Peptide vaccines ot nucleic acid-based vaccines based on the Rcplikins 

observed in the emerging strain of coronavirnscs arc generated. An emerging st.rain 

is identified as the strain of coronovirns having the highest increase in concentration 

20 of Rcplikin sequences within the nuclcocapsid sequence during the time period. 

Preferably, the peptide or nucleic acid vaccine is based on or inclndes any Rep !ikin 

sequences that are observed to be c()nservcd in the strain. Conserved Replikins arc 

preferably those Replikin sequences which are present in the nucleocapsid protein 

sequence for about two years and preferably longer. The vnccinos may include any 

25 combination of Replildn sequences identified in the emerging strain. 

[0279] For vaccine produdion, the Rcplikin peptide or peptides identified as 

useful for an effective vaccine are synthesized by any method, including chemical 

synthesis and mok1cular biology techniques, including cloning, expression in a host 

30 cell and purification therefrom. The peptides are ptdcrably admixed with a 

pharrnacoutically acceptable carrier in <1n amount dotorrninecl to induce a therapeutic 

antibody reaction thereto. Generally, the dosage is about 0.1 p,g to about I 0 mg. 
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10280] The coronavirns vaccine may be administered to a patient al any time 

of the year. Preferably, tho coronavims vaccine is administered once and is based 

on Replikin sequences observed to be present, and preferably conserved, in the 

classes of coronavin1s. 

EXAMPLES 

[0281 J Analysis of sequence data of isolates of Plasmodium falciparum 

antigms for the presence itnd concentration of Rcplikins is carried out by visual 

s(:arming of sequences or through use of a computer program bas"d on the 3·point 

JO recognition method described herein. Isolates of Plasmodiurn fakiparurn are 

obtained and the amino acid scqtwnce of the protein is obtained by any art known 

method, such as by sequencing the gene and deriving the protein sequence 

therefrom. Sequences arc scanned for the prcs,~nce of Replikins, conservation of 

Rcplikins over time and c(mcentnition of Replikins in each isolate. Tbis 

15 infonm1lion provides data that arc used to form the basis for anti·malarial peptide 

vaccines or nucleic acid based vaccines. 

[0282] Peptide vaccines or nucleic acid··ba~ed vaccines based on the Roplikins 

observed in the malaria causing organism arc goneratccl. Preferably, the peptide or 

20 nucleic acid v'1ccine is based on or includes any Roplikin sequences that arc 

observed to be present on a surface antigen of the organism. The vaccines may 
•· 

25 

include any combination of Rcplikin sequences identified in the malaria causing 

strain. 

[0283] For vaccine prodt1dio11, the Rcplikin peptide or peptides identified as 

usefol for an effective vaccin" are synthesized by m1y method, inclwling chemical 

synthesis and molecular biology techniques, including cloning, expression in a host 

cell and purification there.from. The peptides arc;: prtlli;Jrnbly achnix\;d with a 

pharnrnceutically acceptable carrier in an amount determined to induce a therapeutic 

30 antibody reaction thereto. Generally, the dosage is ab<)Ut 0.1 ftg to about J 0 mg. 
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[0284] Then malaria vaccine is preferably administered to a patient in need 

thereof at any time dming lhc year, and particularly prior lo travel to a tropic;1l 

enviromncnt. 

[0285) Another embodiment includes an antisense nucleic acid molecule 

complementary to the coding strand of th() gene or the mRNA encoding organism 

for the replikins in organisms including, but not limited to, viruses, ti·ypanosomes, 

backria, fungi, algae, amoeba, and plants, wherein said antisensc nucleic acid 

molecules is complementary to a nucleotide sequence of a rcplikin containing 

l () orgarnsm. 
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Whal is cl;1imed is: 

Claim 1. An isolated or synthesized corona virus peptide consisting of 7 to 50 amino 

acids comprising the amino acid sequence of SEQ ID NO: 712. 

Claim 2. An antibody which recognizes a coronavirus peptide comprising the amino 

acid sequence of SEQ ID NO: 712. 

Claim 3. An isolated or synthesized coronavirus peptide consisting of7 to 50 amino 

acids comprising the amino acid sequence of SEQ ID NO: 7 J 7. 

Claim 4. An antibody which recognizes a coronavirus peptide comprising the amino 

acid sequence of SEQ JD NO: 717. 

Claim 5. An isolated or synthesized corona virus peptide consisting of 7 to 50 amino 

acids comprising the amino acid sequence of SEQ JD NO: 718. 

Claim 6. An antibody which recognizes a coronavirus peptide comprising the amino 

acid sequence of SEQ ID NO: 718. 

Claim 7. An isolated or synthesized corona virus peptide consisting of 7 to 50 amino 

acids comprising the amino acid sequence of SEQ ID NO: 719. 

Claim 8, An antibody which recognizes a coronavirus peptide comprising the amino 

acid sequence of SEQ ID NO: 719. 

Claim 9. An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino 

acids comprising the amino acid sequence of SEQ ID NO: 720. 

Claim I 0. An antibody which recognizes a coronavirus peptide comprising the amino 

acid sequence of SEQ JD NO: 720. 

Claim 11. A corona virus vaccine comprising the ;1mino acid sequence of SEQ ID NO: 

712 and u pharmaceutically acceptable carrier. 
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Claim 12. A corona virus vaccine comprising the amino acid sequence of SEQ ID NO: 

717 and a pharmaceutically acceptable carrier. 

Chiim 13. A coronavirus vaccine comprising the amino acid sequence of SEQ ID NO: 

718 and a pharmaceutically acceptable carrier. 

Claim 14. A coronavirus vaccine comprising the amino acid sequence of SEQ ID NO: 

719 and a pharmaceutically acceptable carrier. 

Claim 15. A coronavirus vaccine comprising the amino acid sequence of SEQ ID NO: 

720 and a pharmaceutically acccptablo C<lffier. 

Claim 16. An isolated or synthesized SARS coronavirus peptide consisting of 7 to 50 

amino acids wherein said peptide is isolated or synthesized by identifying a 

motif consisting of 

(I) at least one lysine residue located at a first terminus of said motif 

and at least one lysine residue or at least one histidine residue 

located at a second terminus of said motit; 

(2) a first lysine residue located six to ten residues from a second lysine 

residue; 

(3) at least one histidine residue; and 

( 4) at least 6'Yo lysine residues, 

selecting said identified motif and isolating or synthesizing said corona virus 

peptide comprising said identified motif 

Claim 17. A synthetic peptide consisting of the amino acid sequence of a UTOPE 

wherein said amino acid sequence of said UTOPE is selected from the group 

consisting of: SEQ ID NO: 732, SEQ ID NO: 733, SEQ ID NO: 734, SEQ JD 

NO: 735, SEQ ID NO: 736, SEQ ID NO: 737, SEQ ID NO: 738, SEQ ID NO: 

739, SEQ ID NO: 740, SEQ ID NO: 741 and SEQ ID NO: 742. 

Claim 18. An anti-Rcplikin vaccine (UV AX) comprising at least one UTOPE of claim 31 

and a pharmaceutically acceptable carrier. 
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Claim 19. An antHJTOPE antibody specific for a lJTOPE wherein said l.JTOPE is a 

synthesized peptide about 6 to about I 0 amino acids long comprising all 

lysincs except for one histidine and wherein said l.JTOPE comprises one of the 

sequences selected from the group consisting of: SEQ ID NO: 732, SEQ lD 

NO: 733, SEQ ID NO: 734, SEQ ID NO: 735, SEQ ID NO: 736, SEQ ID NO: 

737, SEQ JD NO: 738, SEQ ID NO: 739, SEQ ID NO: 740, SEQ ID NO: 741 

and SEQ ID NO: 742. 

Claim 20. An antibody specific for a UTOPE wherein said UTOPE is a synthesized 

peptide about 6 to about I 0 amino acids long comprising all !ysines except for 

one histidine and SEQ ID NO: 732. 

Claim 21. An antibody specific for a UTOl'E wherein said UTOPE is a synthesized 

peptide about 6 to about l 0 amino acids long comprising all Iysincs except frir 

one histidine and SEQ ID NO: 733. 

Claim 22. An antibody specific for a UTOPE wherein said UTOPE is a synthesized 

peptide about 6 to about l 0 amino acids long comprising all lysines except for 

one histidine and SEQ ID NO: 734. 

Claim 23. An antibody specific for a UTOPE wherein said UTOPE is a synthesized 

peptide about 6 lo 'ibout 10 amino acids long cotnprising all Iysincs except for 

one histidine and wherein said UTOPE comprises SEQ ID NO: 735. 

Claim 24. An antibody specific for a UTOPE wherein s<lid UTOPE is a synthesized 

peptide about 6 to about J 0 amino acids long cmnprising all lysines except for 

one histidine and wherein said UTOPE comprises SEQ ID NO: 736. 

Claim 25. An <lntibody specific for a UTOPE wherein said UTOPE is a synthcsi~cd 

peptide about 6 to about l 0 amino acids long comprising all Iysincs except for 

one histidine and whcroin said UTOPE comprises SEQ ID NO: 737. 

Claim 26. An antibody specific fi.Jr a UTOPE wherein said UTOPE is a synthosiwd 
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peptide about 6 to about 10 amino acids long comprising all lysincs except for 

one histidine and wherein said LITOPE comprises SEQ ID NO: 738. 

Claim 27. An antibody specific lbr <l UTOPE wherein said UTOPE is a synthesized 

peptide about 6 to about 10 amino acids long comprising all lysincs except for 

one histidine and wherein said UTOPE comprises SEQ ID NO: 740. 

Claim 28. An antibody specific for a UTOPE wherein said UTOPE is a synthesized 

peptide about 6 to about 10 amino acids long comprising all lysincs except for 

one histidine und wherein said UTOPE comprises SEQ ID NO: 741. 

Claim 29. An antibody specific for a UTOPE wherein said UTOPE is a synthesized 

peptide about 6 to about I 0 amino acids long comprising all lysincs except for 

one histidine and wherein said LITOPE comprises SEQ ID NO: 742. 

Claim 30. A synthetic peptide consisting of the amino acid sequence ofa UTOPE, wherein 

said UTOPE is a synthesized peptide about 6 to about l 0 amino acids long 

comprising all lysincs except for one histidine and wherein S<tid UTOPE 

comprises the amino sequence of SEQ ID NO: 732. 

Claim 31. A synthetic peptide consisting of the amino acid sequence of a UTOPE, wherein 

said UTOPE is a synthesized peptide about 6 to about I 0 amino acids long 

comprising all lysincs except f(lr one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ JD NO: 733. 

Claim 32. A synthetic peptide consisting of the amino acid sequence ofa UTOPE, 

wherein said LITOPE is a synthesized peptide about 6 to about I 0 amino acids 

long comprising all lysincs except for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 734. 

Claim 33. A synthetic peptide consisting of the amino acid sequence ofa UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids 
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long comprising all lysinos except for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 735. 

Claim 34. A synthetic peptide consisting ofthc amino acid sequence of a UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about I 0 amino acids 

long comprising all lysines cxccpl for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 736 

Claim 35. A synthetic peptide consisting of the amino acid sequence ofa UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids 

long comprising all lysincs except for one histidine and wherein said UTOPE 

c<nnprises the amino acid sequence of SEQ ID NO: 737. 

Claim 36. A synthetic peptide consisting of the amino acid sequence of a UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about l 0 amino acids 

long comprising all lysincs except for one histidine and wherein snid UTOPE 

comprises the amino acid sequence of SEQ ID NO: 738. 

Claim 37. A synthetic peptide consisting of the amino acid sequence of a UTOPE, 

wherein said UT'OPE is a synthesized peptide about 6 to about 10 amino acids 

long comprising all Iysines except for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 739, 

Claim 38. A synthetic pcptirk consisting of the amino acid sequence ofa UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about I 0 amino acids 

long comprising all lysincs except for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 740. 

Claim 39. A synthetic peptide consisting of the amino acid sequence ofa UTOPE, 

wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids 

long comprising all lysines except fr>r one histidine ;md wherein said UTOPE 

comprises the amino (tcid sequence of SEQ ID NO: 741. 
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Claim 40. A synthetic peptide consisting of the amino acid sequence of<l UTOPE, 

wherein said UTOPE is (I synthesi<.cd peptide about 6 to about l 0 amino acids 

long comprising all lysincs except for one histidine and wherein said UTOPE 

comprises the amino acid sequence of SEQ ID NO: 742. 
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