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REPLIKIN FPEPTIDES AND USES THEREQF

[0601] Repliking are a newly discovered clags of peptides that share structural
characteristics. Repliking have been found in viruses, bacteria, fungus, cancer
associated proteins, plants and unicellular parasites and their use as targets n the
development of methods of treating or preventing diseases. Repliking are useful in
the detection of these diseases. Also this invention relates to the use of Replikins to

stimnlate growth of plants used for food.

{00602] Rapid replication 18 characteristic of virulence m certain bacteria,
viruscs and malignancies, but no chemistry common to rapid replication in different
organisims has been described previously, This application describes a new class of
protein structures related to rapid replication which the applicants have discovered,
This new family of conserved small proteing related to rapid replication, named
Repliking, can be used to prediet and control vapid replication in multiple organisms

and diseases and to induce rapid replication in plant and animal life.

10003] We constructed an algorithm to search for Repliking, In applying the
algorithm not only was the function of the epitope revealed - rapid replication, but
an enlire family of homologues whose function is related to rapid replication was

discovered, which we named Rephlking.

{0004] The algorithm s based on the following: 1) Evidence that the immune
system looks to parts rather than a whole protein in recognition. Protein chains are
firgt hydrolyzed by the immune system into smaller pieces, frequently six (6) to ten
(10) amino acidg long, as part of the immune systems’ process of recognition of
foreign structures against which it may mount an immune defense, By way of
example, the immune system recognizes the presence of disease by chopping up
proteins of the discasc agent into smaller peptide sequences and reading them. This
principle is nged as a basig for the algorithm with which to search for homologues of
the malignin cancer cpitope, once the structure of the cpitope was known; 2) The
specific structure of the malignin epitope, in which two of the three lysines (IK'g) are

eight residues apart 13 in accordance with the apparent ‘rules’ used by the immune
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system for recognition referred to above (6-10 anuno acids long); 3) The fact that
the malignin cancer cpitope was shown to be a very strong antigen, that i — a
generator of a strong immune response; that there are three lysines (K's) in the 10-
mer peptide glioma Replikin and that K’s are known to bind frequently to DNA and
RNA, potential targets for the enfry of viruses; and 4) One histidine (H) is mmcluded
in the scquence of the malignin epitope, between the two K’s which are eight (8)
residues apart, suggesting a connection to the metals of redox systems which are

required (o provide the energy for replication.

[0005] Enginecred enzymes and catalytic antibodics, possessing tatlored
binding pockets with appropriately positioned fumctional groups have been
successful in catalyzing a number of chemical transformations, sometimes with
mmpressive efficiencies.  Just as two or wmore separate proteing with specific and
quite different functions are now often recogmzed to be synthesized together by
organisms, and then separately cleaved to ‘po about their separate functions’, so the
Replikin structure is & unique protein with a unique function thal appears to be
recognized separately by the immune system and may be now rationally engineered-

e.g. synthesized to produce a functional unit.

{0006] From a proteomic point of view, this template based on the newly
determined glioma peptide sequence bas led to the discovery of a wide class of
proteing with related conserved structures and a particular function, in this case
replication. Examples of the increase in Replikin concentration with virulence of a
discasc appear in disecases including, mfluenza, HIV, cancer and tomato leal curl
virus. This class of structures is related to the phenomenon of rapid replication in
organisms as diverse as yeast, algae, planis, the gemim cur] leaf fomato virus, HIV

and cancct.

10007] In addition to detecting the prosence of Repliking in vapidly replicating
arganisms, we found that 1) Replikin concentration (number of Repliking per 100
aming acids) and 2) Replikin compositions i specific functional states dependant on
rapid replication, provide the basis for the finding that Replikins are related
quantitatively as well as qualitatively to the rate of replication of the organism in
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which they reside. Examples of these {unctional proofs include the relationship
found between rapid replication and virulence in glioblastoma cells, between
Repliking in influenza virus and the prediction of influcnza pandemics and
epidemics, and the relationship between Replikin concentration and rapid replication

in HIV.

[00908] The first functional basis for Replikins® role in rapid replication was
found in the properties of the glioma Replikin, 4 10KD peptide called Maligmn in
brain glioblastoma multiforme (glioma) - a 250KD cell protein.  Antimalignin
antibody increased in concentration in serom (AMAS), measured by an early stage
diagnostic test for cancer now used for most or all cell types. Malignin was 80
named because in tissue culture the expression of this peptide and its concentration
per milligram membrane profein exiractable increased with increased rate of cell
division per unit time. Not only is there an increase in the amount of malignin in
proportion to the cell number inercage but the amount of malignin is enriched, that is

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

{0809] The structure of malignin protein was determined through hydrolysis
and mass spectrometry which revealed what proved to be a novel 16 mer peptide
sequence. We scarched for the 16 mer peptide sequence which we have named a
Glioma Replikin protein in databases for (he healthy human genome and found that

it was nol pregent in these databases.

[0610] As such, the fixed requirement algorithim was used to search in other
organisms for the Glioma Replikin protein or homologues thercof.  Over 4,000
protein sequences in the “Pub Med™” database were searched and homologues were
found in viruses ind plant forms specifically associated with rapid replication.
Homologues of such Replikin proteins occurred frequently m proteins called

“eplicating proteing’ by their investigators.

(0011} Homologues of the Replikin sequence were found in all tumor viruses
(that is viruses that canse cancer), and in ‘replicating proteins’ of algae, plants,

fungi, viruses and bacteria.
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[0012] That 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 Replikins to replication. When the ghona
replikin was synfhesized in vitro and administered as a synthetic vaceine to rabbits,
abundant antimalignin antibody was produced ~ establishing rigourously the
antigenic hasis of the antimalignin antibody in serum {(AMAS) test, and providing
the first potential synthetic cancer vaceine and the prototype for Replikin vaccines in

other orgamsms.

[0013] The demonstration of the relationship of the Replikins to replication
and the patural immune responsc to cancer Replikins (overriding cell type) based
upon the shared specificity of cancer Replikins, permits passive augmentation of
immaunity with anptimalignin antibody and active augmentation with synthetic

Replikin vaccines.

[0014] A study of 8,090 serum specimens from cancer patients and controls
has demonstrated that the concentration of antimalignin antibody increases with age
in healthy individuals, as the incidence of cancer in the population increases, and
increagses further two to three-fold in early malignancy, regardless of cell type. In
vitro this antibody is eytotoxic to cancer cells at picograms (femtomoles) per cancer
cell, and in vivo the concentration of antimalignin antibody relates quantitatively to
the survival of cancer patients.  As shown in glioma cells, the stage in cancer at
which cells only have been transformed to the immaortal malignant state but remain
quiescent or dommant, now can be distinguished from the more active life-
threatening replicating state which is characterized by the increased concentration of
Replikins. In addition, clues to the viral pathogenesis of cancer may be found in the
fact that glioma glycoprotein 10B has a 50% reduction in carbohydrate residues
when compared to the normal 10B. This reduction is associated with virus entry in
other instances and so may be evidence of the attachment of virus for the delivery of
virus Replikins o the 10B of glial cells ag a stop in the transformation to the

malignant state.
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J0015] The sharing of immunological specificily by diverse members of the
class, as demonstrated with antimalignin antibody for the glioma and related cancer
Replikins, suggests that B cells and their product antibodies may recogmze
Replikins by means of a similar recognition *Janguage’. With the discovery of the
Replikins, this shared immunological specificity may explain what was previously
difficult to understand: why the antimalignin antibody is elevated in all cancers, and
is cytotoxic to cancer cells and related to survival of cancer patients in most or all
cell types. Thus antimalignin antibody is produced against cancer Replikins, which
share immunological specificity and which are related to the phenomenon of rapid

replication, not to cell type.

[0016] The recognition of the cancer Repliking, whether those m viruses
known to cause cancer, or those in translorming proteins, or those isolated in cancer
cell proteins (see Table 2, sections on cancer Repliking) 1s sufficiently general that
the antimalignin antibody in serum test (AMAS Test) is an cffective general cancer
teat, Yet there is sufficient individuality and difference in the fine structure (primary
amino acid sequence) of each of the cancer replikins that they can be assayed
specifically in tissnes and in fluids by diagnostic methods common in the art, such
as mass spectrometry. Once the parlicular Replikin is identified in the sequences of
the cancer proteins by the methods discovered and deseribed here, the Replikin 18
synthesized and acts ag a standard for assays of tissues and fluids for the same
siructure. For example, the definitive and highly specific mass spectrometry analysis
for one such cancer protein, the frst defined cancer cell Replikin, the Glioma
Replikin  “kagvaflhkl’, is shown in Table 1. This specific measurement of the
cancer Repliking permits the diagnostic specification of the tissue or organ type
affected by the cancer and its specife treatment. Thus, for example, the Glioma
Replikin occurs only in glioblastoma mulliforme, a malignant brain tumor, onc of
the most malignant of all tumors with a mortality of over 90%, for which ne
effective {reatment is available. If its Glioma Replikin is measured in serum, the
prescnce of brain malignancy is detected. It is also now possible to target the Glioma
Replikin specifically with chemical, radiological and other treatments. The same
novel diagnostic and therapeutic methods are now available for ovarian cancer
Replikin and the other cancer Repliking as listed, by example, only in Table 2.

5



10

20

30

|GOL7] A second functional basis for the Repliking’ role in rapid replication is
the study of data from the past 100 years an influenza virus hemagglutinin protein
sequences and epidemiology of influenza epidemics and pandemics. To date, only
serological hemagglutinin and antibody classification, but no strain-gpecific
conscrved peptide scquences have previously been described in nfluenza, and no
changes in concentration and composition of any strain-specilic peptide sequences
have been desceribed previously which correlate with epidemiologically documented

epidemics or rapid replication.

[0018] A four to ten-fold increase in the concentration of strain-gpecific
influenza Repliking in one of cach of the four major strains, imfluenza B, (AJHINI,
(AYH2N2 and (A)H3N2 was [ound, and that such increase of Replikin concentration
was related to influenza epidemics caused specifically by cach strain from 1902 to
2001,  These increases in conceniration were then shown to be due to fhe
reappearance of at least one specific Replikin composition from 1 to up to 64 years
after its disappearance, plus the emergence of new strain-specific Replikin
compositions. Previously, no strain-gpecific chemical structures were known with
which to predict which strains would predominate in coming influenza seasons, 1or
to devise anpual muxtures of whole-virus strwns for vaccines. The recent sharp
increase in H3N2 Replikin concentration (1997 to 2000}, the Jargest in H3N2's
history, and the reappearance of specific Replikin compositions which were [ast seen
in the high mortality H3IN2 pandemic of 1968 and in the two high mortality
gpidemics of 1975 and 1977, but were absent for 20-25 years, together may be a

warning of coming epidemics.

[0019] Synthetic Repliking are new vaccines,  This high degree of
conservation of Replikin structures observed whereby the identical structure can
persist for 10O years, or reappear after an absence of from one to 64 years reappears
indicates that what was previously thought to be change in virulenee due to random
substitution of amino acids in influenza proteins is more likely to be change due to
an organized process of conservation of Replikins. In fact, if random substitutions
of each amino acid occurred, the chance against an average length influenza

6
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Replikin sequence being conserved for one year (let alone 84) 1s caleulated to be in

the order of 2 to the 27 powetto 1.

[0020] The significant conservation of Replikins is not unique to influenza
virus, for example, it is also present in foot and niouth disease virus type O and in
HIV, as well as in wheat. More recently, significant conservation of Replikins is

present in coronavirus nucleocapsid proteins.

[0021] A third functional basis for Replikins’ role in rapid replication is the
incroage in Replikin concentration shown to be related to rapid replication in HIV.
The Replikin concentration in the slow-growing low-titre strain of HIV (NS1,
“Bru™), prevalent in carly stage infection, was found to be one-sixth of the Replikin
coneentration in the rapidly-growing high-titre strain of HIV (81, “Lai™), prevalent in

late stage HIV infection.

{0022} Other examples are given of the relation of Repliking to rapid
replication. For example, in tomato curl leaf gemini virus, which devastates tomato
crops, the first 161 amine acids of the ‘replicating protein’, which have been shown

to bind to DNA, contain five Replikins.

{0023] In malaria, legendary for rapid replication, {rypanosomes are réleased
from the liver in tens of thousands from one trypanosome. Multiple, novel, almost
flamboyant’ Replikin structures with concentrations of up io 111 overlapping

Replilins per 100 amino acids arc found thevein.

[0024] The increase in Replikin concentration m influenza epidemics is
functionally comparable to the glioma Replikin's increase in concentration during
rapid replication of malignant glioma cells and comparable to rapid replication in
H1V and in a diverse range of other organisms. Replikins thus are associated with
and appear to be part of the structural bases of rapid replication in different

OrgaIisms.
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[0025] Replikin concenlration and composition therefore provide new methods
to detect and to conirol the process of replication, which is central to the survival
and dominance of each biological population. The discovery of these new proteins
related (o rapid replication provides new opportunities 1) for detection of pathogens
by gualitative and quantitative determinations of Replikins, 2) for the control of a
hroad range of diseases in which rapid replication is a key factor by argeting native
Replikins and by using synthetic Repliking as vaccines, and 3) {or the use of

Replikins to foster growth of algal and plant foods,

[0026] There is a significant number of discases and pathogens which have
proved difficult to detect and treat and for which there is no effective vaceine. Thus,
for cach disorder there is a necd for developing a target that will provide effective

methods of detecting, treating or preventing these discases and pathogens.

SUMMARY OF THE INVENTION

{0027] The present invention provides a method for identifying nucleotide or
amino acid sequences that include a Replikin sequence. The method is referred to
herein as a 3-point-recognition method. By use of the “3-point recognition” method,
namely, peptides comprising from 7 to about 50 amino acids including (1) at least
one lysine residue located six to ten amino acid residues from a second lysine
residue; (2) at least one histidine vesidue; and (3) at least 6% lysine residues
(Replikin — constituting a new class of peptides was revealed in algae, yeast, fungi,
amoebae, bacterta, plant and virus proleins having replication, transformation, or

redox unctions.

10028} In one aspect of the invention there are provided isolated or synthesized
peptides containing a Replikin scquence. The peptides comprise from 7 to about 50
amino acids including (1) at least one lysine residue located six 1o ten amino acid
residues from a sccond lysine residues; (2) at least one histidine residue; and (3) at

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 compnsing:

g
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(1) isolating nucleic acids from the body sample or envirommental sample;
(2) screening the nucleic acids for the presence of a Replikin stracture; and
(3) correlating the presence of a Replikin structure with the presence of the

contaminating organism.

[6030] In another aspect of the invention there 1s provided a process for
stimulating the immune system of a subject to produce antibodies that bind
specifically to a Replikin sequence, said process comprising administering to the
subject an effective amount of a dosage of a composition comprising at least one
Replikin peptide. One embodiment comprises at least one peptide that is present in

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

{0031] The present invertion also provides antibodies that bind specifically to
a Replikin, as defined herein, as well as antibody cocklails containing a plurality of
antibodies that specifically hind o Replikins. In one embodiment of the invention,
there are provided compositions comprising an antibody or antibodies that

specifically bind to a Replikin and a pharmaccutically acceptable carrier.

[0032] In one aspect of the invenfion there are provided 1solated, or separaled
from other proteins, recombinant, or synthesized peptides or other methods
containing a viral Replikin sequence. The viral Replikin peptides comprise {rom 7
to about 50 amino acids including (1) at least one lysine residue located six to ten
amino acid residues from a second lysine residue; (2) al least one histidine residue;

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

{0033] The present application also provides isolated, or separated from
nucleocapsid proteins, amongst others, recombinant, or synthesized peptides or other
methods containing a viral Replikin sequence. The viral nucleocapsid Replikin
peptides comprise from 7 to about 50 amino acids including (1) at least one lysine
residue located six to ten amino acid residues from a second lysine residue; (2) at

least one histidine residue; and (3) at least 6% lysine residues,
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[0034] The present invention also provides methods for detecting the presence
of & contaminating virus in a bedy sample or envivonmental sample comprising;
{1 isolating nucleic acids from the body sample or environmental
gample,
(2) sereening the nucleic acids for the presence of a viral Replikin
structure; and
{3) correlating  the presence of viral Replikin  structures, their
concentration and composition, with the presence of the

contaminating virus.

[0035] In another aspect of the invenlion there is provided a process for
stimulating the impune system of a subject to produce antibodies that bind
specifically (o a viral Replikin sequence, said process comprising administering to
ihe subject an effective mmount of a dosage of a composition comprising at least one
Replikin peptide. One embodiment comprises at least one peptide that is present in

an emerging strain of the virus 1f such new strain emerges.

[0030] The present invention also provides antibodies that bind specifically to
a  viral Replikin, as defined herein, as well as antibody cocktails containing a
plurality of antibodies that specifically bind to viral Replikins. 1n one embodiment
of the invention, there are provided compositions comprising an antibody or
antibodies that specifically bind to a viral Replikin and a pharmaceutically

acceplable carrier.

f0037] The preseni invention also provides therapecutic compositions
comprising onc or more of isolated virus peplides having from 7 {o about 50 amino
acids comprising: (1) at least one lysine residue located six to ten residues from a
sccond lysine residue; (2) at least one histidine residue; and (3) at least 6% lysine

residues, and a pharmaceutically acceptable carrier.

[G038] In another aspect of the nvention thers is provided an antjsense nucleic
acid molecule complementary to a vims Replikin mRNA sequence, said Replikin
mRNA sequence denoting from 7 to about 530 amino acids comprising:

10
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(2)
(3)

[0039]

at least one lysine residue located six to ten residues from a second
lysine residuc;
at least one histidine residue; and

at least 6% lysine residues.

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

simulating the immune system of a subject to produce anfibodies to virnses, sad

method comprising: administering an effective amount of at least onc virus Replikin

peplide having from 7 to about 50 amino acids comprising (1) at least one lysine

residue located six to ten amine acid residucs from a second lysine restdue; (2) at

feast one lustidine residue; (3) and at least 6% lysine regidues.

{0040

In another aspect, there ts provided a method of selecting a virus

peptide for inclusion i a preventive or therapeutic virus vaceing comprising:

(1)

(2)

(3)

(4)

(%)

obtaining at least one isolate of cach strain of a plurality of strains of
said virus,

analyzing the amino acid sequence of the at least one isolate of each
strain of the plurality of strains of the virus for the presence and
conecentration of Replikin sequences;

comparing the concentration of Replikin sequences in the amino acid
sequence of the at Teast onc isolate of each strain of the plurality of
straing of the virus to the concentration of Replikin sequences
observed in the amino acid sequence of each of the strains at least
one carlier time period to provide the concentration of Repliking for
at least two time periods, said at least one earber (ime period being
within about stx months to about three years prior to step (1);
indentifying the strain of the virus having the highest increasc in
concentration of Replikin scquences during the at least two time
periods; and

selecting at least one Replilin sequence present in the strain of the
virus peptide identified in step (4) as a peptide for inclusion an the

VIFUS vaceine,

11



The present invention also provides a method of making a preventive

ot therapeutic virus vaceine comprising:

identifying a strain of a virus as an emerging strain,

selecting at least one Replikin sequence present in the emerging
strain as a peptide template for the virus vaceine manufacture,
synthesizing peptides having the amino acid sequence of the at Icast
one Replikin sequence selected m 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 identfying

an emerging strain of a virus for diagnostic, preventive or therapeulic purposes

[0041)
(1)
()
3
(3)
(4
10
{0042]
comprising:
(1)
15
(2)
(3)
20
25
(4)
30 [0043)

obiaiming at least onc isolate of each strain of a plurality of strains of
the virus;

analyzing the amino acid sequence of the at least one isolate of each
strain of the plurality of strains of the virus for the presence and
concentration of Replikin sequences;

comparing the concentration of Repltkin sequences n the amino acid
sequence of the at Jeast one isolate of each sitrain of the phlurality of
straing of the virng to the concentralion of Replikin sequences
obscrved in the amine acid sequence of each of the strains at least one
sarlier time period to provide the concentration of Replikms for at
least two time periods, seid at Jeast one earlier time period being
within about six months to aboul three years prior to step (1); and
identifving the strain of the virus having the highest increase in
concentration of Replikin sequences during the at least two time

periods.

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

therapeutic virus vaccine comprising at least one isolated Replikin present in a

protein of an emerging strain of the virus and a phanmaceutically acceptable carrier

and/or adjuvant.
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{0044} Also provided by the present invention is a method of preventing or
{reating & virug infection comprising administering to a patient m need thercof a
preventive or therapeutic virus vaccine comprising at least one isolated Replikin
preseni in a protein of an emerging strain of the virus and a pharmaceutically

acceptable carrier and/or adjuvant.

INFLUENZA

[0045] Influenza is an acute respiratory iliness of global importance. Despite
international attempts to control influenza virus outbreaks through vaccination,
influenza infections remain an important cause of morbidity and mortality.
Worldwide influenza epidemics and pandemics have ocewrred at iregular and
previously unprediciable intervals throughout history and it is expected that they wall
continue to occur in the future. The impact of both pandemic and epidemic

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

[0046] Tfluenza vaccines remain the most effective defense against influenza
virus, but because of the ability of the virus to mutate and the availability of non-
human host reservoirs, 1t is expected that influenza will remain an emergent or re-
emergent infection. Global influenza surveillance indicates that influenza viruses
may vary within a country and between countries and continents during an influenza
scason. Virological surveillance is of importance in monitoring antigenic shift and
drift, Disease surveillance is also hmportant in assessing the impact of epidemics.
Both types of information have provided the basis of the vaccine composition and
the correct use of antivirals. However, to date there has been only annual post hoe
hematological classification of the incrcasing number of emerging influcnza virus
sirains, and no specific chemical structure of the viruses has been identified ag an
indicator of approaching influenza epidemics or pandemics. Currently, the only
basis for annual classification of influenza virus as active, inactive or prevalent in a
given year is the activities of the virus hemagglutinin and neuraminidase proteins.
No influenza viral chemical structure has been identified prior to this application
that can be used for quantitative warning of epidemics or pandemics or to design
more effcctive and safer vaceines.

13
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[0047] Because of the annual administration of influenza vaceines and the
short period of time when a vaccine can be administered, strategics directed at

improving vaccine coverage are of critical importance.

[0048] In one aspect of the Invention there are provided isolated or synthesized
inflaenza virus peptides containing a Replikin sequence. The influenza Replikin
virus peplides comprise from 7 to about 50 amino acids meluding (1) at least one
lysine residuc located six fo ten amino acid residues from a second lysine residue;
(2) at least one histidine residue; and (3) at lcast 6% lysine residues. (Influenza

Replikin).

[00449] 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 an influenza virus Replikin sequence, said process comprising
administering to (he subject an cffective amount of dosage of a composition
comprising at least one influenza virus Replikin peptide. In a prefared embodiment
the composition comprises at least on peptide that is present in an emerging strain of

mfluenza virus.

[0050] The present invention also provides antibodics that bind specifically to
an imfluenza virus Replikin, as defined hercin, as well as antibody cocktails
containing a plurality of antibodies that specifically bind to influenza virus
Repliking. Tn one embodiment of the invention, there are provided compositions
comprising an antibody or antibodics that specifically bind to an influcnza Replikin

and a pharmaceutically acceptable camnier.

10051 The present invention also provides therapeutic compositions

comprising one or more of isolated influenza virus peptides having from 7 to about

50 amino acids comprising:

(1) at least one lysine residue located six to ten residues form a second
lysine residue;
(2) at least one histidine residuc; and

14
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3 at least 6% lysine resiclues, and a pharmaceuntical acceptable carrer.
I

[0652] In another aspect of the invention there is provided an antisense nucleic
acid molecule complementary 1o an influenza virug hemagglutinin Replikin mRNA
sequence, said Replikin mRNA sequence denoting from 7 to about 50 anuno acids
comprsing:
{1} at least one lysine residue located six to ten residues from a second
lysine vesidue;
(2) at least one histidine residue; and

(3) af least 0% lysine residues.

[0053] In yet another aspect of the invention there is provided a method of
simwating the immune system of a subject to produce antibodies to influenza virus
comprising administering an effective amount of al least one influenza virus
Replikin peptide having from 7 to about 50 amino acids comprising:
(1) at least one lysme residue Jocated six to ten amino acid residues from
a sccond lysine residue;
(2) at least one histidine residue; and

(3} at least 6% lysine residues,

[0454] In another aspect, there is provided a method of selecting an influenza
virus peptide for inclusion in a preventive or therapeutic influenza virus vaccine
COMPrISIng:
(1 obtaining at least one isolale of each strain of a plurality of strains of
imfluenza virus;
{2) analyzing the hemagglutinin amino acid sequence of the at least one
isolatc of each strain of the plurality of strains of influenza virus for
the presence and concentration of Rephikin sequences;

) comparing  the concentration of Replikin  sequences in  the
hemagglutinin anino acid sequence of the at least one isolate of each
strain of the plurality of strains of influcnza virus to the concentration
of Replikin sequences observed in the hemagglutinin amino acid
sequence of each of the strains al least one earlier time period lo

15



10

20

30

(4

I0055]

provide the concentration of Repliking for at least two time periods,
said at least one earlier time poriod being within about six months to
about three yeavs prior o step (1)

identifying the strain of influenza virus having the highest increase in
concentration of Replikin sequences during the at Jeast two time
periods;

selecting at least one Rephkin sequence present in the strain of
mnfluenza virug peptide identified in step (4) as a peptide for inclusion

in an influenza virus vaccine.

The present invention alse provides a mcthod of making a preventive

or therapeutic influenza virus vaccine comprising:

(1)
(2)

[0056]

identifying a strain of influengza virts as an emerging strain;

selecting at least onc Replikin scquence present in the emerging
strain as a peptide template for influenza virus vaceine manufacture,
synthesizing peptides having the amino acid sequence of the at least
one Replikin sequence selected 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 dentifying

an emerging strain of influenza virus for diagnostic, preventive or therapeutic

purposes comprising:

(1)

(2)

(3)

obtaining at least one isolate of cach strain of a plurality of strains of
influenza virus;

analyzing the hemagglutinin amino acid sequence of the at least one
igolate of each strain of the plurality of strains of influenza virus for
the presence and concentration of Replilin sequences;

comparing the conceniration of Replikin sequences In {he
hemagglutinin amino acid sequence of the atl Jeast one isolate of each
strain of the plurality of strains of influenza virus to the concentration
of Replikin sequences observed in the hemagglutinin amino acid
sequence of cach of the sfrains at least one earlier time period to
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provide the concentration of Replikins for at least two time periods,
said at least one carlier time period being within about six months 1o
about three years prior fo step (1); and

(4) identifying the strain of influenza virus having the highest increase in
concentration of Replikin sequences during the at least two time

periods.

[0057] In yet another aspect of the invention, there is provided a preventive or
therapeutic influenza virus vaccine comprising at least one isolated Replikin present

i the hemagglalinin protein of an emerging strain of influenza virus and a

pharmaceutically acceptable carrier and/or adjuvant,

{0058] Also provided by the present invenbtion is a method of prevenling or
treating influenza virus infection comprising administering to & patient in need
thercof a preventive or therapeutic vaccine comprising at least one isolated Replikin
present in the hemagglutinin protein of an emerging strain of influenza virus and a

pharmaceutically acceptable carrier and/or adjuvant,

TRYPANOSOMES

[0059] In one aspeet of the invention there are provided 1solated or synthesized
trypanosome peptides containing a Replikin sequence. The trypanosome Replikin
peplides comprise from 7 to aboul 50 antine acids including (1) at least one lysine
residue located six to ten amino acid residues from a second lysine residue; (2) at
least one hustidine residue; and (3) at least 6% lysine residues, (Trypanosomc

Repliking).

MALARIA

[0060] One trypanosome disorder which has proved difficult to treat and for
which there is no effective vaccine is malaria. Malavia causes much death, and
physical and economic hardship in tropical regions. Malaria is caused mainly by
Plasmodium faleiparun, which has proved to be extremely resistant to treatment and
to date, a vaccine for malaria has remained ehisive. Thus there 15 a nced for
effective malaria vaceines and methods of treating or preventing the disease, This
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application provides the basis for such vaccines and methods of treatment and
prevention. Al of the methods deseribed above for production of and treatment
with Replikin virus vaceines and Replikin influenza virug vaceines are applicable (o

the production of and treatment with Replikin malaria vaccines.

[0061] I the present invention, there are provided vaccines and methods for
preventing or treating malaria. The malaria vaccines comprise at least ong 1solated
Plasmodivm falciparum Replikin, The present invention also provides methods for
treating or preventing malaria comprising administering to a patient an effective
amount of preventive or therapeutic vaccine comprising at least one isolated

Plasmodium falciparum Replikin,

[0G62] Also provided by the present invention are antibodies, antibody
cocklails and compositions that comprise antibodies that specifically bind to a

Replilin or Repliking present in a malaria antigen of Plasmodium falciparam.

[0663) Another example of a trypanosome which may be treated under the
present invention as is the case for malaria, the Repliking of Treponema Pallidm

(syphilis), can be used for detection, prevention, {reatment of syphilis.

BACTERIA

[0064] I one aspect of the invention there are provided isolated or synthesized
bacterial  peptides comtaining a Replikin sequence (bacterial Replikins).  The
bacterial peptides comprise from 7 to about 50 amino acids including (1) at least
one lysine residue located six to ten amino acid residues from a second lysine
residue; (2) at least onc histidine residue; and (3) at least 6% lysine residues.
(bacterial Repliking). US Application Serial No. 10/105,232 {iled March 26, 2002 13
incorporated by refevence in its entirety, including but not limited to the bacterial

sequence listing and information.

J0065] The present invention also provides methods for detecting the presence
of a contaminating bacterial organism in a body sample or environmmental sample
comprising:
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(1) isolating nueleic acids from the body sample or environmental
sample,

(2) screening the nucleic acids for the presence of a Replikin structure;
and

(3) correlating the presence of a Replikin structure with the presence of

the contaminating organigm.

{0066] 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 Lo a bacterial Replikin sequence, sald process comprising administenng
to the subject an effective amount of a dosage of a composition comprising at least
one bacterial Replikin peptide. One embodiment comprises at least one bacteral
peptide that is present in an emerging strain of the bacterial organism if such new

sfrain cmerges.

[0667] The present invention also provides antibodies that bind specifically to
a bacterial Replikin, as defined herein, as well as antibody cocktails containing a
plurality of antibodies that specifically .bind to bacterial Replhlkins. In one
embodiment of the invention, there are provided compositions comprising an
antibody or antibodies that specifically bind to a bacterial Replikin and a

pharmacewtically acceptable carrier,

[0068] The present Invention also provides therapeutic  compositions
comprising one or morc of isolated bacterial peptides having from 7 to about 50
amino acids comprising:
(1) at least one lysine residue located six to ten residues from a second
lysine residue;
{2)  atleast one histidine residuc;
(3) at least 6% lysine resicues; and

(4 a pharmaceutically acceptable carrier,



1

15

20

30

0069} in another aspect of the invention there is provided an antisense nucleic
acid molecule complementary to a bacterial Replikin mRNA sequence, said
Replikin mRINA sequence denoting from 7 to about 50 amino acids comprising:
() at least one lysing residue located six to ten residues from a second
lysine residue;
(2) at least one histidine residue; and

(3} at least 6% lysﬁm residues.

[0070] In yet another aspect of the invention there is provided a method of
simulating the immune system of a subject to produce antibodies to bacteria
comprising administering an cffective amount of at leagt one bacterial Replikin
peptide having from 7 to about 50 amino acids comprising:
(1 at Teast one lysine residue Tocated six to ten amino acid residues from
a sccond lysine residug;
(2)  atleast one histiding residue; and

(3) af teast 0% lysine residues,

H0071] In another aspect, there is provided a method of selecting a bacterial
Replikin peplide for inclusion in a preventive or therapeutic bacterial vaccine
comprising:

(1) obtaining at least one tsolate of each strain of a plurality of strains of
the bacteria;

{2) analyzing the amino acid sequence of the at teast one isolate of cach
strain of the plurality of strains of the bacteria for the presence and
concentration of hacterial Replikin sequences;

{3} comparing the concentration of bacterial Replikin sequences in the
amino acid sequence of the at least one 1solate of each strain of the
plurality of strains of the bacteria to the concentration of bacterial
Replikin sequences observed in the amino acid sequence of sach of
the strains at least one earlier tme period to provide the concentration
of bacterial Repliking for at least two time periods, said at least one
carlicr time period being within about six months fo about three years
prior to step (1), or earlier in rapidly mutating bacteria;
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(4)

()

[0072]

indentifying the strain of the bacteria having the highest increase in
conceniration of bacterial Replikin sequences during the at least two
time periods; and

selecting at least one bacterial Replikin scquence present in the strain
of the bacterial peplide identified in step (4) as a peptide for inclusion

i the bacterial vaceine.

The present invention also provides a method of making a preventive

or therapeutic bacterial vaceine comprising:

(1)
(@)

(3)

(4)

[0073]

identifying a strain of a bacteria as an emerging strain;

selecting at least one buacterial Replikin sequence present in the
emerging strain as a peptide template for the bacterial vaccine
manufacture;

synihesizing peptides having the amino acid sequence of the at least
one bacterial Replikin sequence selected m step (2); and

combining a therapeutically effective amount of the peptides of step

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

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

an emerging strain of bacteria for diagnostic, preventive or therapeutic purposcs

COomprisimg:

)

obtaining at least ene 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 bacteria for the presence and
concentration of bacterial Replikin sequences;

comparing the concentration of bacterial Replikin scquences in the
amino acid sequence of the at least ane isolate of each stram of the
plurality of strains of the bacteria to the concentration of bacterial
Replikin sequences observed m the amino acid scquence of each of
the strains at least one earlier time period to provide the concentration

of bacterial Replikins for at least two time pertods, said at least one
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earlier time period being within about six months {o about three years
prior to step (1); and

() identifying the strain of the bactenta having the highest increase in
coneentration of bacterial Replikin sequences during the at least two

time periods.

[0674] In yof another aspect of the invention, there is provided a preventive or
therapeutic bacterial vaccine comprising at least one isolated bacterial Replikin
present in a protein of an emerging strain of the bacteria and a pharmaceutically

acceptable carrier and/or adjuvant,

[0075] Two important sub-species of bacteria, classified under mycobacteria,
are Mycobacterium leprae {leprosy) whose 30-s ribosomal protein has a C-lerminal
Replikin and Mycobacterinm tuberculosis (tuberculosis) whose ATPase has three

Replikins.

Replikin in 30s ribosomal protein 56 of Mycobacterinm leprae (leprosy) is:

levimrtdleh

Replikins in the ATPase of Mycobacterinum tuberculosis are:
hprpkvaaalkdsyrlk
hprpkvaaalk

ksagkwpdlkflagaagvah

Repliking in the B-D-galactosidase of I, coli:
hawghggktifisrk

hqgltlfisrk

Replikins in Agrobacterium tnmefaciens:
hsdgglavmiaalalddylk
hlldhpasvgqgldlramlaveevkidnpvymek
hpasvgqldiramlaveevkidnpvymek
kevmaknenikepaglitngeafngdpralagylmniah
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knemkepaglitngeatngdpralagylmniah
hhdtysiedlaglihdakaarvrvivlk
hdtysiedlaqlihdakaarvrvivk

hdakaarvrvivk
kigggakpgcgeqipsphviveiaaargeipevelvsppphh
kiggeakpacgeglpspkvtvelaaarggtpevelvsppph
kasertktlasgamshgalvaaaheavahgtnmvggmsnspepgoch
kaseitktlasgamshgalvaaaheavah
kaseitlidlasgamshgalvaaaly

kaseitktlasgamsh

kryfpnvkipyvggvtiaviagavadwh
hhiaagtgfeasavyplgvgiracekfgadadkatlafakaackslml
hhiaaglgigasavyplgvyfracek fradadiafkrfakaneksimk
hhiaaglgfeasavyplgvgfracekfpadadkatkrfakaaek
hlnaaglgfeasavyplevgiracekzadadkaflorfak
hhinaglefeasavyplgvglieeekigadadl
haaglglaasavyplgvylracelfgadadkalkrfakaackshmlk
hiaaglgfgasavyplgvglracek fgadadicaflirfakanel
hisaglafeasavyplevgfraeckfgadadkafkrefak
hiaaglgfeasavyplgvyfracekfyadadlk

kfglydaafeksscgvelittkdgveth

JOU76] Also provided by the presenl mvention is a method of preventing or
treating a bacterial infection comprising administering to a patient in need thereol a
preventive or therapeutic vaceine comprising at least one isolated bacterial Replikin
present in a protein of an emerging sirain of the bacteria and a pharmaceutically

acceptable carrier and/or adjuvant.

FUNGUS
[0077] In one aspect of the invention there are provided isclated or synthesized
fungal peptides containing a Replikin sequence. The [ungal Replikin peplides

comprise from 7 to about 50 amino acids including (1) at least one lysine residue
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located six to fen amino acid residues from a second lysine residue; (2) al least one

histidine residue; and (3) at lcast 6% lysine residues (fungal Replikins).

[B078] All of the methods described above for production of and treatment
with bacterial Replikin vaccines are applicable to the production of and treainent

with fungal Replikin vaccines.

{0079 In another aspect of the invention there is provided a process for
stimulating the immune systemn of a subject to produce antibodies that
bindspecifically to a fungal Replikin sequence, said process  comprising
administering to the subject an cffective amount of a dosage of a composition

comprising at least one fungal Replikin peptide,

[0080] The present invention also provides antibodies that ind specifically (o
a fungal Rephlan, as defined herein, as well as antibody cocktails containing a
plurality of antibodies that specifically bind to viral Replikins, In one embodiment
of the invention, there are provided compositions comprising an antibody or
antibodies that specifically hind to a fungal Rephikin and a pharmaceutically

acceptable carrier.

[0081] The present invention also provides therapeutic compositions
comprising one or more of {solated fungal peptides having from 7 to about 30 amino
aclds comprising:
(1) al leagt one lysine residue located six to ten residues from a second
lysine residue;
(2} at least one histidine residue;
(3)  alleast 6% lysine residues; and

(4) a pharmaceutically acceptable carrier.
{0082] In another aspect of the invention there is provided an antisense nucleic
acid molecule complementary to an fungal Replikin mRNA sequence, said Replikin

mRNA sequence having from 7 to about 50 amino acids comprising:
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{1) at least one lysine residuc located six 1o ten residues from a second
lysine residue;
(2) at least one hstidine residue; and

(3 al least 6% lysine residues,

[0083] 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 fungal Replikin sequence, said process comprising admnnistering to
the subject an effective muount of a dosage of a composition comprising at least one

Replikin peplide.

INCREASING REPLICATION

[0084] In yet another aspect of the invention there is provided a method for
increasing the replication rate of an organism comprising tansforming a gene
encoding an enzyme or other protein having a replication function in the organism

with at least one Replikin structure,

DEFINITIONS
[0085] As used hercin, the term “peptide” or “protein® refers to a compound of

two or more amino acids in which the carboxyl group of one is united with an amino
group of another, forming a peptide bond. The term peptide is also used to denote
the amino acid sequence cncoding such a compound. Ag used herein, "isolated” or
"synihesized" peptide or biologically active portion thereof refers to a peptide that is
substantially frec of cellular material or other contaminating peptides from the cell
or tissue source from which the peptide is detived, or substantially free from
chemical precursors or other chemicals when chemically synthesized by any
method, or substantially free from contaminating peptides when synthesized by

recombinant gene techniques.

[0086] As used herein, a Replikin peptide or Replikin protein is an amino acid
sequence having 7 to about 50 amine acids comprising:
(1)  atleast one lysine residue located six {o ten amine acid residues {rom
a second lysine residue;
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(2) at least one histidine residue;
(3) at least 6% lysine residues.
Similarly, a Replikin sequence is the amine acid sequence encoding such a peptide

or protein.

[0087] As used herein, "emerging strain" as used herein refers to a strain of a
virus, bacterivm, fungus, or other organisms identified as having an increased
increasing concentration of Replikin sequences in one or more of its protein
sequences relative to the concentration of Repliking in other strains of such
organism., The increase or increasing concentration of Replikins occurs over a
period of at least about six months, and preferably over a period of at least about one
year, most preferably over a period of at least about three years or more, for
example, in influenza virus, but may be a much shorter penod of time for bacteria

and other organisms.

{0088] As used herein, “mutation” refers to change o this struclure and
properties of an organism caused by substitution of amine acids. In contrast, the
term “conservation™ as used herein, refers to conservation of particular amino acids

due to Jack af substitution.

BRIEF DESCRIPTION OF THE DRAWINGS
[0089) Figwe 1 is a bar graph depicting the frequeney of occurrence of

Replikins in various organtsms,

[3090] Figure 2 15 ¢ graph depicting the percentage of malignin per milligram

total membrane protein dunng anaerobic replication of glioblastoma cells.

[0091] Figure 3 is a bar graph showing amount of antimalignim antibody

produced in response to exposure to the recognin 16-mer.

[0692] Figure 4A i a photograph of a blood smear taken with ordinary and
fluorescent light. Figure 4B is a photograph of a blood smear taken with ordimary
and 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 antimalignin antibody.
Figure 4D and Figure 4E are photographs of the layer of cells in Figure 4C talcen at

30 and 45 minutes following addition of anttmalignin antibody.

{0093} Figure 41 is a bar graph showing the inhibilion of growth of small cell

lung carcinoma cells in vitro by antimalignin antibody,

[0094] Figure 5 is a plot of the amount of antimalignin antibody present in the

serum of palients with benign or malignant breast disease pre-and post surgery.

[0095] Figure 6 is a box diagram depicting an embediment of the invention
wherein a compuier is used to carry out the 3-poini-recognition method of

identifying Replikin sequences.

{0096] Figure 7 is a graph showing the concentration of Replikins observed in
hemagglutinin of Influenza B and miluenza A strain, HINI, on a year by year basis

from 1940 through 2001,

[009°7] Figure 8 15 a graph of the Replikin concentration observed in
hemagghatinin of influenza A strains, H2ZN2 and H3N2, as well as an emerging
strain defined by s constituent Repliking, designated HIN2(R), on a year by year

basis from 1950 1o 2001,

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

Replhikin strains.

{0699] Fipure 10 is a chart depicting the mean Replikin count per year for

nucleocapsid coronavirus 1solates.

[0100] Figure 11 is a chart depicting the Replikin count per year for HSNI

Hemagglutinins.

27



15

20

23

30

DETAILED DESCRIPTTION OF THE INVENTION

[0101) The identification of a new family of small peptides related to the
phenomenon of rapid replication, referred to herein as Replikins, provides targets for
detection of pathogens in a sample and developing therapies, including vaccine
development. In gencral, knowledge of and identification of this family of peptides
enables development of effeciive therapies and vaccines for any organism (hat
harbors Replikins. [Identification of this fimily of peptides also provides for the

detection of viruses and virus vaceine development,

[0102] For example, identification of this family of peptides provides for the
detection of influenza virus and provides new targets for influenza treatinent,
Identification of this family of peptides also provides for example, for the detection
of walaria and provides new targets for malavia vaccine development.  Purther
examples provided by the identification of this family of peplides include the
detection of infections disease Repliking, cancer immune Repliking and structural

protein Replikins.

[0103] Rapid replication is characterisiic of virulence in certain bacteria,
viruses and malignancies, but no chemistry common to rapid replication in different
organisms has been described. We have found a family of conserved small protein
sequences related to rapid replication, which we have named Replikins. Such
Repliking offer new targets for developing effective detection methods and
therapies. The first Replikin found was the glioma Replikin, which was identified in

brain glioblastoma multiforme (plioma) cell protein called malignin.

H01.04] Hydrolysis and masgs spectrometry of malignin revealed the novel 16
mer peptide sequence which containg the glioma Replikin, This Replikin was not
found in databases for the normal healthy human genome and thercfore appeared to

be derived from some source outside the body.

[0105] We have devised an algorithm to search for the glioma Replikin or

homologue thercof. Homologues were not commen in over 4,000 profein
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sequences, but were found, surprisingly, in all tumor viruses, and in the rephicating

proteing of algae, plants, fungl, viruses and bactera.

[0106] We have identified that both 1) Replikin concentration (number of
Repliking per 100 amino acids) and 2) Replikin composition c(‘?n.'r{:late with the
functional phenomenon of rapid replication. These relationships provide functional
basis for the determination that Replikins are related gquantitatively as well as

qualitatively to the rate of replication.

[0107] The first functional basis for Replikins role o rapid replication is seen
in glioma replication. The fact that glioma malignin is enriched ten-fold compared
to the five-fold increase in cell number and membrane profein concentration in rapid
replication of glioma cells suggests an integral relationship of the Replikins (o
replication. When the ghoma Replikin wag synthesized in vitro and administered as
a synthetic vaccine to rabbits, abundant antimalignin antibody was produced. This
establishes the antigenic basis of the antimalignin antibody in scrum (AMAS) fest,
and provides the first potential synthetic cancer vaccine and the prototype for
Replikin vaccines in other orpanisms.  With the demonstration of this natural
immune relationship of the Replikins (o rephcation and this natural inunune
response to cancer Repliking, which overrides cell type, based upon the shared
specificity of cancer Repliking and rapid replication, both passive augmentation of
this immunity with anfimalignin antibody and active augmentation with synthetic

Replikin vaccines now is possible.

{0108] The relationship belween the presence of antimalignin antibody and
survival m patients was shown in a study of 8,090 serum specimens from cancer
patients.  The study showed that the conceniration of antimalignin antibody
increascs with age, as the incidence of cancer in the population increases, and
increases further two to three-fold in early malignancy, regardless of cell type. In
vitro, the antimalignin antibody is  cylotoxic to cancer cells al picograms
(femtomoles) per cancer cell, and in vivo the concentration of antimalignin antibody
relates quantitatively to the survival of cancer patients. As shown in glioma cells,
the stage in cancer at which cells have only been transformed to the immortal
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malignant state but remain quiescent or dormant, now can be distinguished from the
more active life-threatening replicating state, which is characterized by the increased
concentration of Repliking. In addition, clues to the viral pathogenesis of cancer may
be found in the fact that glioma glycoprotein 0B has a 50% reduction m
carbohydrate residues when compared to the normal 10B. This reduction 15
associated with virug entry in other instances, and so may be evidence of the
atlachment of virus for the delivery of virus Replikins to the 10B of glial cells as a

step in the transformation to the malignant state,

[0109] Our study concerning influenza virus hemagglutinin protein sequences
and influenza epidemiology over the past 100 years, has provided a sccond
functional basis for the relations of Repliking to rapid replication. Only serological
hemagglutinin and antibody classification, bul no strain-specific conserved peptide
sequences have previously been described in influcnza.  Further, no changes in
concentration and composition of any strain-specific peptide sequences have been
described previously that correlate with epidemiologically documented epidemics or
rapid replication. In this study, a four to ten-fold increase in the concentration of
strain-specific influenza Repliking in one of each of the four major strains, influenza
B, (AHINI, (A)H2N2 and, (A)H3N2 is shown to relate to influenza epidemics

caused by each strain from 1902 to 2001,

[0110] We then showed that these increases in concentration are due to the
reappearance of al least one specific Replikin composition from 1 {o up to 64 years
after its disappearance, plus the emergence of new strain-specific Replikin
compositions. Previously, no strain-specific chemical structures were known with
which to predict the strams that would predominate in coming influenza seasons, nor
to devise anpual mixtures of whole-virus strains for vaceines. The recent sharp
increase in HI3N2 Replikin concentration (1997 to 2000), the largest in [3N2's
history, and the reappearance of specific Reoplikin compositions that were last scen
in the high mortality FI3N2 pandemic of 1968, and in the two Ingh mortality
epidemics of 1975 and 1977, but were absent for 20-25 years, together may be a
warning of comung epidemics. This high degree of conservation of Replikin
structures observed, whereby the identical structure cam persist for 100 years, or
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reappear after an absence of fram onc fo 64 years, indicate that what was previously
thought to be change due to random substitution of aminoe acids in influenza proteins

is more likely to be change due to an organized process of conservation of Replikins,

[0111] The conservation of Repliking is not unique to influenza virus but was
also observed in other sources, for example in foot and mouth disease virus, type 0,

HIV tat, and wheat,

[0112] A fhird functional basis for Repliking” role in rapid replication is seen
in the increase in rapid replication in HIV. Replikin concentration was shown to be
related to rapid replication in FIIV. We foud the Replikin concentration in the slow
growing fow-titre styain of HIV (N81, "Bru™), which is prevalent in carly stage
infection, to be one-sixth of the Replikin concentration in the rapidly-growing high-

titre strain of HIV (81, "Lai"Yprevalent mn lale stage HIV infection).

[0113] Farther examples demonstrate the relationship of Replikins to rapid
replication.  In the "replicating profein,” of tomato curl Ieaf gemini virus, which
devastates fomaio crops, the first 161 amino acids, the scquence that has been shown
to bind to DNA, was shown to contain five Replikins. In malaria, legendary for
rapid replication when trypanosomes are released from the liver in the tens of
thousands from one (rypanosome, mulliple, novel, almost “flamboyant”  Replikin
structures have been found with concentrations of wp to 36 overlapping Repliking

per 100 amino acids.

[0114] The conservation of any structure is cribical lo whether that structure
provides a stable invariant target to attack and destroy or to stimulate. When a
structure is ted in some way to a basic survival mechanism of the organism, the
structures tend to be conserved, A varying structure provides an inconstant target,
which is a good strategy for avoiding attackers, such as antibodies that have been
penerated specifically against the prior structure and thus are ineffective against the
modified form. This strategy is used by influenza virus, for cxample, so that a

previous vaceine may be quite ineffective against the current virulent virus,
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REPLIKINS AS STABLE TARGETS FOR TREATMENT

[0115] Both bacteria and HIV have both Replikin and non-Replikin amino
acids. In HIV, for example, there has been a recent increase in drug-resistance [rom
9% to 13% due to mutation, that is substitution of non-Replikin amino acids. (See
detailed analysis of TAT protein of HIV discussed herem). In bacteria, the
development of ‘resistant straing’ is due to a similar mechanism, However, we have
found that Replikmm structures do not mutale or change to the same degree as non
Replikin amino acids (see also discugsion of foot and mouth disease virus
conservation of Repliking discussed herein; further sce discussion of congervation of
coronavirus Repliking discussed herein). The Replikin structures, as opposed to the
non-Replikin structurcs are conscrved and thus provide new constant targets for

treatment,

f0116] Certain structures too closely related to survival functions apparently
cannot change constantly. Becanse an essential component of the Replikin structure
{s histidine (h), which is know for its frequent binding to metal groups in redox
enzymes and probable source of cnergy needed for replication, and since this
histidine structure remains constant, this structure remaing all the more aftractive ¢

targel for destruclion or stimulation.

[0117] From a protcomic point of view, inventors construction of a template
based on the newly delermined ghioma peptide sequence led them to the discovery of
a wide class of proteins with related conscrved structures and a particular function,
in this case replication. Bxamples of the increase in Replikin concentration with
viralence of a disease include, influenza, HIV, cancer and tomato leaf curl virus,
This newly recognized class of structures is refated to the phenomenon of rapid
replication in organisms as diverse as yeast, algae, plants, the genuni curl leaf

tomato virus, FIIV and cancer.

[0118] Replikin concentration and composition provide new quantitative
methods to detect and control the process of replication, which is central to the
survival and domivance of cach bioclogical population, The sharing of
immunoclogical specificity by diverse mentbers of the class, as demonstrated with
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antimalignin antibody for the glioma and related cancer Replikins, suggests that B
cells and their product antibodies may recognize Replikins by means of a similar

recognition language.

{0119 Examples of peptide sequences of cancer Repliking or as containing a
Replikin, i.e., a homologue of the glioma peptide, kagvaflhkk, may be found in such
cancers of, but not limiled to, the lung, brain, liver, soft-tissue, salivary gland,
nasopharyny, esophagus, stomach, colon, rectum, gallbladder, breast, prostate,

uterus, cervix, bladder, eye, forms of melanoma, lymphoma, leukemia, and kidney.

{0120} Repliking provide for: 1) detection of pathogens by qualitative and
guantitative determinations of Repliking; 2) treatment and control of a byoad range
of diseases in which rapid replication is a key factor by targeting native Replikins
and by using synthetic Replikins as vaccines; and 3) fostering increascd growth rates

of algal and plant foods.

[0121] The first Replikin sequence to be identificd was the cancer cell
Replikin found in a brain cancer protein, malignin, which was demonstrated to be
enriched ten-fold during rapid anacrobic replication of glioblastoma multiforme
(zlioma) cells, (Figare 2) Malignin is a 10K12a portion of the 250 KDa glycoprotein
10B, which was isolated in vivo and in vitro from membranes of glioblastoma
multiforme (glioma) cells. Hydrolysis and mass spectroscopy of malignin revealed
a 16-mer peptide sequence, ykagvaflhkkndide (SEQ ID NO.:4), which is referred to
herein as the glioma Replikin and which includes the shorter peptide, kagvaflhkk

(SEQ 1 NO.: 1), both of whicl apparently are absent in the normal human genome.

33



10

15

Table 1

16-mer peptide seguence ykagvaflhkkndide obiained
from malignin by hydrolysis and mass spectrometry

Seq | Fragment | MEHA- | Sequence Method By Which Fragment Obtained

14 Tdentified | (twags) Anton Autps Micro- Micro-

NQO. Liydralysie | hydrolysis of | waved waved
of malipnin 5 seconds | 30 sceonds
malignin | immebilized
free in on
sollion bromoacetyl

: celluloge

19 1-3 381.21 | Ovka(g) +

20 135 53730 | Qykagv(a) T T -

21 5% 4528 | (y)kagva(h v T )

22 2.7 592.35 | (y)kagvaf(1) +

23 4-11 89045 | (o)pvalihlde(m) ¥

24 57 33619 | (eyally | F

25 | 67 237.12 | (v)af(D) T

26 6-10 61536 | (Viaflhde(k) +

27 6-10 GL336 | (v)afhl(k) -

28 | 6-12 85750 | (viaflbldkn(d) |

20 612 857.50 [ (Vafhkkn{d) |+ T

30 7-8 279.17 | (aMI(ly)

3l 10-16 861.43 | (lkkndide() s

32 11-14 489,27 | (kpkndi(d) +

33 | 1215 4762- | Qondid(e) + o

10122] When the 16-mer glioma Replikin wag synthesized and injected as a

synthetic vaccine into rabbits, abundant antimalignin anttbody was produced.

(Bogoch et al., Cancer Detection and Prevention, 26 (Suppl. 1): 402 (2002)). The

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

gquantitatively to the survival of cancer patients. (Bogoch et al., Protides of

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

shown to be cytotoxic to cancer cells at a concentration of picograms (femtomeolar)

per cancer cell. (Bogoeh et al., Cancer Detection and Prevention, 26 (Suppl. 1): 402

(2002).
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[123] Studies carried out by the inventors showed that the glioma Replikin is
not represented in the normal healthy human genome. Consequently, a search for
the origin and possible homelogues of the Replikin sequetice was undertaken by

analysis of published sequences of various organisins.

j0124] By using the 16-mer 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, a new clags of peplides, the
Repliking, was identified. The present invention provides a method for idemtifying
nucleotide oy amino acid sequences that include a Replikin sequence.  The method
is referred to herein as a 3-pomt-recognition method. The three point recognition
method comprises: a peptide from 7 to about 50 amino acids including (1) at least
onc lysine residue located six to ten amino acid residues from a second Tysine
residue; (2) at least ove histidine residue; and (3) at least 6% lysine residves.
(Replilin). These peptides or proteins constitute a new class of peptides in species
including algae, yeast, fungi, amoebae, bacteria, plant, virus and cancer protems
having replication, transformation, or redox functions. Replikin peptides have been
found to be concentrated in larger ‘replicating” and ‘“transforming’ proteins (so
designated by thenr investigators, See Table 2) and cancer cell proteins. No

scquences were found o be identical to the malignin 16-mer peptide.
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Examples of Repliking in various organisms

Table 2

- prototype: Glioma Replikin®

kagvaflhlk
(SEQID No.: D)
Algac: SEQ 15 NGO,
34 | Caldophera prolifers kaslfikh
33 | yolepisprodifera kngaetgeilgh
Yeast: 36 | Schiznsaccharomyess ponlbe ' kesfloyphklhi
37| Oryza saliva Iekaygnelhk
2 { 3acch, cerevisine replication hinding profein hsilerelgiifdle
Fungi: 38 Hsocirate tygse JCT L Penicilliugm marmefiei fevdivthek
39 DNA-dependent RMA polymerase 11, Diseula destructive | Kleedsayhirkk
40 | Ophiogtoma navo-ulm [, RNA in Dutch elm disease kvitplrgnikgiffkh
L. _ tingis
Amocha 411 Entamocha invadens, histone H2I3 klilkpdinlh
Bacteria: 47| Pribosomal protein rephication fuetor, Helicobacter pylari | ksvhafk
Replicafivn-associnled protein 2taph, mrous
10 | Mycoplasma pulmonic, chromosome replication kkeltthnk
47 [ Macrophage infoetivity petentiator, 1., legionelia Jevhifglick
90 ) Pacillus anthracis lihlisylkk
01 | Bacillus unthracis hivideekeknk
92 1 Bagiilus anfhroacis khiviievic
03 | Bacillug anthracis Lkkkikdivgkdallh
94 | Bagillus anthracis kwekikgh
05 | Bagillug anthrocis kklgipppiepkkdediib
96 | Bacillus anthrusis haryasnivesayltilnew-
kenpigsdlikk
97 | Bacillus anthracis havddyagytdlngsdlve
tngkk
“““““““““““““““““ » 98 | Baciltus anthyacis  hacrlkevglarapk
Plants: d4 | Avabidapsis thaliana, prolifera kdhdfdpdl
45 | Arabidopsis thallana, eytoplasmic ribosomal kmkpllghlah
__________ _ A6 1 Aralidopsis thaliana, DMA binding protein elgsttqeksh
Virnses: O | Replication associated protein A [Maize streal virus] keeklepulceimudiish
11 [ Bovine herpes virus 4, DMA replication profein hkinitngak
12 | Melengrid herpeavivas 1, replication hinding protein hkddlyrtlmlc
47 | Feline immunodeneieney hikdylklvic
3 | Font and Mouth Disease (C) hkglkivapvk
STHIV Type 1 kefneglkeph
THHIV Type 2 kewnagkegh
0% | Enwdl Pox Virus (Variols) khymmitwyl
100 | Small Pox Virus (Variola) Yeysqtpleelith
101 | Small Pux Virus (Maciola) hyddvrikndivvsrck
102 ¢ Small Pox Virus {Variela) hrfledildski
103§ Smat} Pox Vims (Variola) kerghuyyfel
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Tumor 48 | Rous sarcoms virus tyrosine-prolein kinase Idietrhel
Yirnsoes: 49 | v-yes, avian sargoma kklrhdk

50 { eryes, colon cancer, malipnant melanoma klelrhelk

51§ vegrell, avian sarcotma leklrhek

52 | e-sre, colon, mammary, panrereatic cancer Ickirhel

53 | Neuroblastoma BAS viral {v-ras) oncogonie kgaheiak

54 | VPRI (teajor capsid protein) [Polyamavirus sp. kihrfekh

55 | Sindbis lenThelik

56 | ElL{Iwman papilloamavires type 71) khrpliglk

874 v-erbB from ABV und c-orl ksprhvk

58 | v-fims (Teline sarcoma) knihlekk

59 | e-fins (acute and chronic myclomonocylic tutnors) knihleklk

60 1 large teantigen T {Polyomavirus sp.] kphlagsiek

61 | middie L-antigen [Polyamavirug sp,is keehretkdk

62 [ small t-untigen [Polyomavirus spl, kahrelkdlk

(3 | vealil, murine acute leukemia kvpylizptih

G4 | Flunan T-cell lymplolropic virs typo 2 kslllevdledish

65 | e-kit, GI tumors, small celi lung sareinoma lugitimvkreyh

18 | Hepatitis C hyppkpicivpal
I'rins- 66 | Transforming ksgkhlgh
Forming 67 1 ransforming protein mye, Burkit! lymphoma kv tichk
Proteins: 08 | Rageralated CPTPabinding protein kafevikvib

G9 ¢ Transfurming protein ras (leratochrcinoma) Klckhtvkk

70 [ TRAT-gssockated NFR activalor TANIS kaghkelhishk

71| RFP transforming prolein Wkryiedlik

72| Transforming protein 13 (5.0) kypspkhlik

73 [ Pupilloma virus type 11, transforming protein kikhilglarfik

74 | Protein tryosine linase (WG 2.7. 11281k kidhvichykuk

75 | Transforming profein (axl(-)) keklrdymivdrik

76 | Transforming protein {N-myc) klgarqagideiet

77 | Filwoblast prowth factor 4 {Kaposi surcoma) kkpnrysplmkyth
Cancer 78 | Matrix melaloprotemase 7 (uterine) keiplhfik
Celt 79 | Transeription factar 7ulilke Ieklephikk
Irofeins: 30§ Breast cancer antigen NY-BR-87 letrhedplak

81 | BRCA-1-Associated Ring Domain Protein (hreast) khhplednlik

52 { 'Autoantigen from a hreast tumor! lehlerickiig ke

&3 | CGlioma Replikin (1his study) kagvaflhkl

B4 | Ovarian cancer antigen khlerkk gk

85 [ BE L feukemin kllgkicb kel

36 | Proto-nneogene tyrosine-protein kinase CABLE hkseiepalprk

&7 1 Adenomalosis polyposis coli kekleleparkgdnck

B8 | Gustric caneer transforming protein letlekgnrvspiimkvth
o RO Transforming protein (K-RAS 218 hing Khkekmgldghidkhdsl

[0125] Identification of an amino acid sequence as a Replikin or as containing

a Replikin, ie., a homologue of the glioma peptide, kagvaflbhkk, requires that the
three following requirements be met.  According to the three point rccognition
system the sequences have three elements: (1) at least one lysine residuc located six
to ten residues from another lysine residue; (2) at least one histidine residue; and (3)

a composition of at lcast 6% lysine within an amino acid sequence of 7 to about 50

residues.
{0126] Databases were searched using the National Library of Medicine
keyword “PubMed” descriptor for protein sequences containing Replikin
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scquences, Over 4,000 protemn sequences were visually examined for homologues,
Sequences of all mdividual proteins within each group of PubMed-classified
proteins were visually scamned for peplides meeting the three above-listed
requirements.  An infrequent ocemrence of homologues was observed in “virus
peptides™ as a whole (1.5%) (N=953), and in other peptides not designated as
associated with malignant transformation or replication such as “brain peptides™ and
“neuropeptides” (together 8.5%) (N=843). However, surprisingly, homologues were
significantly more frequently identified in large "replicating proteins,” which were
identified ag having an established function in replication in bacteria, algae, and
viruses. Liven more surprising was the finding that Replhikin homologues occurred in
100% of "tumor viruses" (IN=250), in 97% of "cancer proteins” (N=401), and in 85%
of "transforming viruses" (N=248). These results suggest that there are shared
properties of cancer pathogenesis regardless of cell type and suggest a role of viruses
in carcinogenesis, 1.¢., conversion of cells from a transformed altbeit dormant state to

a more virulent actively replicating state.

[0127] Homologues of the following amino acid sequence, kagvaflhlklk, as
defined by the three point recognition method, were found in such viruses, or viral
peptides, as, but not limited to, adenovirus, lentivirug, a-virusg, retrovirus, andeno-
associated virus, human immunodeficiency virug, hepatitis virus, inffucnza virus,
maize streals virus, herpes virus, bovine herpes virus, feline immunodeficiency virasg,
Toot and mouth discase virus, small pox virus, rous sarcoma virug, neuroblasioma
RAS  viral  oncogene, polyamavirug, sindbis, hwman  papilioma  vires,
myelomonoceytic tumor virus, murine acute leukemia, T-cell hymphotropic virus, and

tomato Jeafl curl virus,

[0128] Furthermore, homologues of the amine acid sequence kagvafbildk are
present in known classes of coronavirng, which are members of  a family of
enveloped viruses that replicate in the cytoplasm of hogt cells.  Additionally, the
homologue of the amino acid sequence kagvallhkk are present in the recently
identified class of coronavirus responsible for severc acute vespiratory syndrome, or
SARS. The replikin is located in the nucleocapsid whole protein sequence of the
SARS coronovirus. In addition, the location of the repliking is present in other
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members of the coronavirus class and, more specifically, are also present in the

nucleocapsid protein sequences from these coronaviruses.

[0129] Repliking are present in such bacteria as, but not lmited fto,
Acctobacter, Achromobacter, Actinomyces, Acrobacter, Alcaligenes, Arthrobacter,
Azotobacter, Bacillus, Brevibacterium, Chainia, Clostridium, Corynebacteriuny,
Hrwnia, Fscheria, lebsiella, Lactobacillus, Iaemoplilus, Flavobacterium,
Methylomonas, Micrococeus, Mycobactertiom, Micronomspora, Mycoplasma,
Neisseria, Nocardia, Proteus, Pseudomonas, Rhizobium, Salmonella, Serratia,
Staphyvlococcus,  Streptocossus,  Streptomyces,  Streplosporangiun,  Streplo-

virticillium, Vibrio peptide, and Xanthomas.

{0130] Repliking are pregent in such fungi as, but not limited to, Pentcilliun,
Disewla, Ophiostoma nove-ulinm, Mycophycophta, Phytophthora infestans, Absidia,
Aspergillus, Candida, Cephalosporium, Fusarium, Hansenula, Mucor, Pacciiomyees,

Pichia, Rhizopus, Tarulopsis, Trichoderma, and Erysiphe,

[0131] Replikins  are present in such  yeast as, but not limited to,
Saccharomyces, Cryptococcus, including  Cryplococeusneoformas,  Schizo-

sacchavomyces, and Oryza,

[0132] Repliking are present m algae such as, bui not Hmited to, Caldophera,
TIsolepisprolifera, Chondrug, Gracilaria, Gelidium, Caulerpa, Laurencia, Cladophexa,
Sargassum, Penicillos, Halimeda, Laminaria, Fucus, Ascophylium, Undari,

Rhwodymenia, Macrocystis, Bucheuma, Ahnfeltia, and Pteroclasia.

|0133] Replikins are present in amoeba such as, but not hmited to, Entamoeba

(including Entamocba invadens), Amoendae, Acanthamoeba and Naegleria.

[0134] Repliking arve present in plants such ag, but not limited to, Arabidopsis,

wheat, rice, and maizeg.
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AUXTLIARY SPECIFICATIONS

[0135] To permit classification of subtypes of Replhkins, additional or
“auxiliary specifications™ to the basic “3-point-recognition” requirements may be
added: (a) on a struciural basis, such as the common oceurrence of adjacent di- and
polylysines in cancer cell proteins (e.g., transforming protein P2IB(K-RAS 2B),
lung, Table 2, SEQ 1D NO.: 89), and other adjacent di-amino acids in TOLL-like
receptors, or b) on a functional basis, such ag exhibiting ATPase, tyrosine kinase or

redox activity as seen in Table 2,

FUNCTIONAL DERIVATIVES

[01306] “Functional  derivatives” of the Replikins as described herein are
frapments, variants, analogs, or chemical derivalives of the Replikins, which retain
at least a portion of the mmunological cross reactivity with an antibody specific for
the Replikin. A fragment of the Replikin peptide refers to any subset of the
molecule. Variant peptides may be made by dircet chemical synthesis, for exampie,
using methods well known i the art. An analog of a Replikin to a non-natural
protein substantially similar to either the entire protein or a fragment thercof.
Chemical derivatives of a Replikin contain additional chemical moieties not

normally a part of the peptide or peptide fragment.

[0137] As seen in Figure 2, during anaerobic respiration when the rate of cell
replication is increased, malignin is enrviched. That is, malignin is found to increase
not simply in proportion to the incrcase in cell number and total membrane proteins,
bul is enriched as much as ten-fold in concentration, starting with 3% at rest and
reaching 30% of total membrane protein. This clear demonstration of a marked
increase in Replikin concentralion with glioma cell replication points to, and is
consistent with, the presence of Replikins identified with the 3-point recognition
method in various organisms. For example, Repliking were identified i such
proteins as “Saccharomyces cerevisiae replication binding protein” (SEQ 1D NO.;
2) (hsikrelgiifdk); the “replication associated protein A of maize streak virus” (SEQ
I NO.: 8) (kyivearcahk) and (SEQ ID NQ.. 9) (kekkpskdeimrdiish); the
“replication-associated protein of Staphylococcus aureus” (SEQ ID NO.: 10)
(kkekithnk); the “DNA replication protein of bovine herpes virus 4" (SEQ ID NO.:
40
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11)  (hkinitnggk); and the “Mealigrid herpes virus 1 replication binding protein”
(SEQ 1D NO.: 12) (hkdlyrllmk). Previous studies of tomato leaf curl gemini virus
show that the regnlation of virus accumulation appears to involve binding of amino
acids 1-160 of the “replicating protein” of that virus to leal DNA and to other
replication protein molecules during virus replication.  Analysis of this sequence
showed that amino acids 1-135 of this “replicating protein™ contain a replikin count

(concentration) as high as 20.7 (see section on tomato leaf curl Gemini virus.)

[0138] Table 2 shows that Replikin-containing proteins also are associaled
frequently with redox functions, and protein synthesis or clongation, as well as with
cell veplication. The association with metal-based redox functions, the mn‘in:hnﬁcn.t
of the Replikin-containing glioma malignin  concentration during  anaerobic
rephication, and the cyoloxicity of antimaligniv  al  Jow concentrations
(picograms/cell) (Figure de-f), all suggest that the Repliking are related to central
respiratory survival functions, have been found less often subjected to the mutations

characteristic of non-Rephkin amino acids.

[0139] Of particular inferest, it was observed that at least one Replikin per 100
amino acids was found to be present in the hemagglutinin proteins of almost  all of
the individual strains of influcnza viruscs examined. The Replikin sequences that
were observed to occur in the hemagglutinin proteins of isolates of each of the four
prevalent strains of influenza virus, influenza B, HINT, H2NZ, and H3N2, for each
year thal aminoe acid sequence data are availabe (1902-2001), are shown in Tables 3,

4, 5 and 6.
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Table 3
BepliXia Sequences present ia hemagglatinivs of Influenza B virases in 2ach vear for whicl amine acid sequences were available {1940-2001)

Influenre B RepliingYear Detected in Infinenza B strain

Peak in Figure 7: E

kshizalk (SEQIDNO. ) 1940,42 31,39.75,76,77,89,00.93 97 98.99.00,01
kshfaniketh (SEQ I MO, 103) 1940, 43,51,59,75,76,77.59,50,93 97 98 90.00.01
Lshfanikesddreklepk (SEQ ID N0, 105) 194043, 51,50,75,76,77,50.50,93 97 08 9% 00,01
helyeelnk {SEG I MO, 107) EO40: 43,51, 3%.75,76,77.89.90.93 07 93 99,00.01
hekyggleksk (SEG ID NO. 108} [O40 43,5159, 75,76,77.89.90,93 07 63 99 00,01
helvgrinkskpyytgehak (SEQ 1D 8O, 109 - I940.43,51,5%,75,70,77.89,90,93 97 95 90,00 01
hakaignepievk (SEQ ID N E16) 194043515 TT.25,90.93 9T 98 00.60,01
hakzignepiwvlapikiznetk (SEQ D NO. 11D 1940,43.51,59,75,76,77,89,90,93 97 95,99.00,01
hakaigncpiwrvkiplidanetloymppak (SEQID NG, 112) 194043 51,39.753,76,77.80 50,93 97 98,59,00. 11
hakaignopievkiplkiangtlorppakllie (SEQ ID ™0, 113} 1940 43 31 39, 75,74,77.89 90,93 07 95,99 00,01
kiaf)sithevk (SEQIDNG. 115) 1G4, 39, 90,93
kvweasgrsloviligslpligeadelh (SEQ IB MO, 123 04043, 39.73.76.77,88.90, 98,854,080
kpyytgehak (SEQ D N0, 124 1949, 39, 89,9093 97,98, 01
kovavaadilistacaink (SEQ I N0, 123} 1949, 39, 0o

hgvavaadikstqeainkdtistgeaink (SEQ ID NO. 129} HLE
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Bsdnetqmyidyedsk (SEQ D NO. 116]
hsdneiqdbmvkivadskeghk {SEQ D NO. 117}
Igrgglkskpyytgeh (SEG IDNOD. 122
komgtipsekasithevk (SEQ D MO, 123) 1943 73,7877

13, MR o3
Kivadskpekftssappytth (SEQ D NQ. 130) 1943, A A 93,97, Y]
hsdnetgmakivedskpok (SEGIDNO. 121 1943, 73,7837, 23
hianllgtqrgk (SEQ D MNO. 131 199
hfanlkothtrgk (SEQID NG, 114) 1976, 8990, 99,0001
hfanfkgtitreldepk (SEQ DN 113) 19785, o0 HDE
kprsatkckefh (SEQ D MO, 133 ES8S
Yetghipsakasilhevk {SEQID NO. 121} 1993
hovinaekapeepvk {SEQ EX1NO. 1246) 199397, (i
hsdnetgmaklyedsk (SEQ D MO 1271 1993 97, a9
hedneigmvidyedskpgk (SEQ D0 118} 109798, 40
ketgtipsakasith {SECQ DX MO, 120} 2000
Iskpyvteshakai{wfalnopiverk (SEQ D NG, 134) 2000

E. Influenza B has not beea responsible for any humean pandenc.

B2

Abbreviation for vears: a.g., “437 = 1943, 91" = 2801,

[WE]

. The first year that a given Replikin appears is indicated at the begimning of the series of years in which thet Replikin hes been found.

e

. Overlapping Replikin sequences ars listed sepazately.

Ln

. Retumn of repltking, absent for several yvears, in the two vears before the epidernic of 1977, underlined, correlates with

increased totzl Replikin concentration (Rephkin Cownt = nummber of Replitans per 1} eming 2cid residues). Ses Figure 7.
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Table 4

E1N1 Replixin Sequences prezent in EIM hemagglutinins of influenza viruses in each year for which amine azid ssquences were available (1913-2000)

FINT BeplildnYear Detecred in Jnflusaz
HIXE Streain

Peak in Figure?:  PI 21 Eil 1213

ho{wiigecplonsB)smrak (SEQ IDNO. 1353

hdsovinbvie sl ksl (SEQID MO 137

hkeirn/dd¥atelomesv{T K Ingtvd ypliyseeskineefe/iidgde (SEG ID NO. 135} N 33, i7, B
hkeina/dd i at'slemesv (7 ingtydiplovseesk. (SEQ ID MNO. 139} 188, 30, 33, i3 En
hega{e/miagsgyaadqhsignai{dmisitatomsvickmntgfiaveke fklek (SEQ 1D M0, 1400 118, 28.3031.35, 5%, 79
heniefgiagsgyaadqlisiqpaidmigitnkvnsviell (SEQIDNO. 141 198, 35343135, 3%, T8
bgnfegiggsgyaadghsignai{dn)eimk {SEQ D ND. 142) 1458, 28303135 3, 7%,
Kfeifplisswprh (SEQ N0 151 1918, i
Lginfe'sypklaSikey[winnkekevhiwgvh (SEQ IDNO. 144} B8, 35, 73,
lsy(weienkgkeviviwevh (SEQ IR NO. 145 1S, 33 iT
hkenrecmesvimgtvdypkyseeskinrekidevk {SEQ DN 144) 1e28, 3,

hkonnecmasvknghdvpkysessh (SEQ ID NG 147} i028, 3%,

hkcnnecmesvimgivivpk (SEQ ID MO, 148) I8, 3

b¥cnnesmmesvh {SEQ D W0 1£5) 1528, 31,
hoghsshkTnilwleigikoglemislsrmnkek {850 ID N0, 155 1925,
Bnglesfy{lernilwdde/Dkaglypniskswmek (SEQ [DNO. 13D 1928, 3L
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BEngissfy(loTinllwl(e/e)kngivpelsk (SEQID RO, 1532
Englssfy(kTinllviiefs)k {SEQID N0, i533)
kestylmilwiteknghpnisksrmakekevhiwevh (SEQ D 20, 1341
kmilwHekngivprlsksynmnkekevlviwevh (SEQ ID 0. 1553
knglypalsksyvankekeviviwgvh (SEQ ID MO, 156)
ksv{viamnbkekev(3- )0 wevh (SEQ ID WO 157
kesswprhavtk {SEQ D M0, 138}
Bet{tmikgviaacpyagassBrnliwlvidensypliskswnek (SEQ IDNO. 139)
et{tn)kgvtaacpyagassfimmliwlvkkensypkisk {(SEQIDNG. 160
Kfsifpkissvpnevivlwnvh {SEGTD MO, 161}

Lerswpkh {SEQ ID NO. 162}

Ksksywmekekevlviwovh (SEQ 1D MG, 163)

knnkebevlvlwavh (SEQ D NO. 14)
hiivnigia kesf i nllwliekngl ifsypinlsksyarmbkek (SECID NO. 165)
hifomigiaiksshv(iEnlhwliek (SEQ D N0, 166

hakkssfyl (SEGTD WO, 167}

hoghlorikek {SEQ X NO. 165}

byldnn{o/giik (SEQ ID MO, 16%)

hdiyrdesinnrfgiogvidazvk (SEQ 1D MO, 170

kengefeitkk (SEQ 1D NO. 171}

Einrdickindkyhqiek (SEQ IDMNO. 1723

Karickmdiyh (SEQ DN 173)

kehidkesisitk {SEQ D NG 178

Kinngdyaklyiwgvh (SEQ [0 MO 175)
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hogklorkgiaplalek {SEGID NO. 176)

hemequtaacpyacansiimlivlvkkessvplisk (SEQ ID 0, 1778
hetnrgvteaspyagarsfimiivbvklessypk {SEQ EBING. 17D
hppstégshyonadeyifvessiomehil {SEQ D HO. [T
appistdgashyqnadeyvifvesslomriilpeia (SEG ID N0, 150)

kdbadesinnefgigevhitgeyk (3EQ D NC. 181)

higneqgsevaadaksiqnaidgimbomsviskmnegftavek (SEQ DN, 1323

haneqesryazdakstaneidgitntonsviek (SEQ D NO. 183}

hqneggsgyasdglstgneingimbvnsviekmn i fisvekefokisk (SEQID NG, 154

hagklerthkgiapiglsk (SECQ D NO. 155}

hkenmecmesvk (SEQTD NO. 185)

kfeifphasswpmh (SEQ X MO BT
hdsnvknlyehvrsgimmnalke [SEQ ID NG, [88)
Ewnavikkmntqfaavgkednh {SEQID NO. EB9)

kbngklck {SEQID NG [95)
Ekgisypklsksvthnkakeviviageh (SEQID 0. 191}
kotsyoklsksythnkekevivhvvh (SEQ D MOk 192}
Elsksythnkolevlvlwgvh {SEQ D NG, 19)
ksythnkzhevivbwgvh {SEG ID MO, 194

Kkgvizseshk (SEQ ID NO. 195)
koviascshkgrusbyrelbedieknghpnalsk (SEQ ID 0. 194}
kensypkiskswvnonkelovlvlwgih (SEQ MG, 197)
kafuklek {SEQID N 198)
hpptstdasshyqnadayvivesskynkkfkpeiatpk (SEQ 1D MO, 199}
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321343
3243
19538
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bpptsidogslygnadayvivgsslomkial (SEQ D THO. 208
hegkesivmllwltekegsypkiknsyink (SEQ [D NG 20:)
heghsshmllwltekegsypk (SEQ DN, 200)
hkcdnecmesvinatydvpkyseesk (SEQ ID NO. 203}

kesswprhtvth (SEQ 1D NO. 204
knlwlisknghvontshervanbeketiviwavh (SEQ TDNO. 205)
bagheafyimiin/-JHwlie/s i~ 1knelyenisk (SEQ ID NO. 206}
fmgkssivknilwlisl {SEQ I N0 207
hivthigvizseshnghsstyknilwiteknglvprl shswvnnkekevlviwgvh (SEQ TD MO, 208}
hta(l/g)gw(t'siaseshnghss i min (/g ik -nRighprkk (SEQ D MO, 2097
htvtkgvtaseshaghkssfvlmilwitelr [SEQ ID MO 2103
Lyvestidmrtglmipsiqsrgifzaiagfeggwiemidgenevh {SEQ NG 211
hgreqgseyeadghstonzingimbornsiskmntgfievegk {SEQ I NO 21
hqueqgsgvaadgkstgnaingitlonsiiek (SEQ D MO, 213)
hqneqesgyazdglsignzingitmk {SEQIDNO. 214)
hsgarsfrmilwivikgnsyphk {SEQID N0 215)
hsgarsfyrnilaivkkgnsypllok (SEQ ID 20, 2143
hsgerstyrnllvividignsyeklnksindl {SEQ D NG 21T
hsgarsfymitaivikgnsypkinksvndhkgk {SEQ D NG 218
itvshovitseshogk (SEQ (D30 219)

Latswpnhetk (SEQ ID MO, 2200

kgvtiscshnghk {SEQ ENO.221)

kensypkinksymdlgkevhivevh (SEQ D N0, 227)
Haksvindkghkevlvivwgeh {SEQ D NG 223

3

1991,92
1951,92, 96
593,92,
901,97, 96
1995
1595,
1995
1995
1995
1995
1955
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ksytndkgkevlvivavh (SEQ ID NO. 224} 1995

bngkssiymbthwTe/g)lnglyonlsksy(vialannkek {SEQ D NG 2253 109795 00
hpifigecplonTszk (SEQ 10N 226)

hgnecgszysadghstqnainginlonsviekmmtafavek (SECQ D MO, 227 1998
heneggsgyeadokstanaingitmbvasviek {SEQ ID MO 225) : 1955

hngkssfymibwlteknehpalshswnekek (SEQ ID N0, 229 1998

i Influenza 1M1 was respensible for the human pandemic {globe] distiibution} of 1955,

2 Abbreviation for years: eg. “067 = F996.

EX The first yar that a given Replikin appears & indicated at the beginning of the series of vears in which tha: Replilin kas been found in this work.

4. Overlepping Replikin seguences are listed separassly.

b X Frcrease in mumber of new Replikin stractures oceurs in years of epidemics (waderfinedi: eg. J918 and [977 and correlates with increased tosal Replikin conceniration (humber af

Repliting per 100 swing acid residues). See Figurs 7.
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Table 5

Replikin Seguences present In hemeggluiinins of Influenza HINZ virases in vears §957-2000
{nfluernza H2NZ ReplilinsYear Detected in Influenzg H2N2 siraly
[(Penk in Figiwe & P2 £2 i

khfekvkilpk {SEG T MO. 230) 1957, 58,59.60,01 64,465,065, T8.53,54.51
Ebllssvkhfelovk (SEQID MO, 2310 10575555 60,67, 53,8501
ha{l'gimydin)iektbngk (SEQ 1D NG 232) LBS7.98.59.60,61 64 65 08, TEEIBANL. 65
ba(lg/mydinflelabngiierkT) {SEQID NG 2% 1057, 58,55,60,61 04 03,68, TEEIE4OI, 93
hovhpltigecotorvkseh (SEQ D NG 2343 1057.58.5% 6558
hplazecplonlisek {SEQ D NC.235) (057 5859 53.08,04.65,08, 78,33 8401
khlissvkbfekvkilpk (SECG 1D MO, 236} 305T.38.55.00.61 64 85 S8, T8
Ergssgmbtegtiencetkegiplgainttlafnvh (SEQ ID ROL "“”-'} 03i, 3% 33
kesnvp{vilak{gisyratsgeambitvgivith (SEQ ID ‘\{J 238} 19573559, 61, g3, 9%, 95
htttgasracavsonpsfimmywHekgsaypvek (SEQ [D MG, 2300 1957
kifelivik {SEQ ID NOL 2403 1957, 39, a5
késkxgssg’minegr]ance-:tkcqé‘p}gainztlpﬂl (SEQ ID 0. 248 1237, 39, as, G1
lrgssgimbiestlencetkeqiplgaindlpfh (SEQ [D WO 242} 19537, 39, a3, 21
ktegilenceikegtpleaintitpfte [SEQ 1D N0, 243) 957, 5%, a3, 9t
kiskrgssgimkizptiencetheqtptzainttiofk {SEQ D HO. 244) 1057, 59, &2, o1
lzegtiencethegipigainttlpiiicivih (SEQ ID KO 2435) 19537, 3% a5, &1
kiskrgssgimigegilencetkegiplgainilpin (SEQ ID MOk 240) 195%, 39, 83 i
Mefmismpvakigsynnisgeqralitwevh (SEQ I NG 247 1857 &0, a5
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hpltigecplyvhksek {SEQ N0, 248)

_.
Rl
L]
-1
o
=

.

[ie#

keguptzaikitlpfh (SEQ ID NO. 245) 1957

L4
-1
=

hhsndagsevaadliesia ka9 einkvnsvick-
-maigfeavgkifinsinietdeninklk (SEQIDFNG. 2500 i9sl, £3.58, 83,84
hsndgesgvaadkesiaka{ fT)dgimlomsviek-

-matgieavekifinsintekleninkk [(SEQ 13 0. 2515 181, 63, 68, 5

‘h"

hsndqgsgyaadieska(fijdzitnk (SEQ I3 NO. 252 961, 53,68,

o
ey

bl
S

bdsovnlvikvmglrdnak (SEQ I N0, 233) m0d, 6§,7e,

jE
o
=t

hikcddecmnsvknziydyphinmeikevk (SEQ ID NO. 254) t964,63,68.76, 2

I
i
“Ba
A
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—

h¥cddecmnsvhkngtydypkinmmeik {SEQ ) NO. 255) 7 196463 65,76, g

Er
D
;
P
o

hheddeconsvhngtvdvple (SEQ ID MO, 255) 1364, 63,087

hlicddecmnsvk {SEQ DI N0 25T) W04 G508 Th, 83,840
kgsnypvakesymnmgeqitibeevh (SEQ ID O, 238} 1976,78
fisndazsgyaadlestiqhavdgininnsvielormigfeavgk (SEQ D MO 259} 18706, 91
krgssgimktegtlencethegiplgenitlpfh (SEQ ID 0. 2801 HTE,7E, 83,84
briigecpkyvksek {SEQ N0 251 1975
hakdifekthngkick (SEQ D MNO. 2620 157G

i Infinenza HIH2 was responsible for the human pendercic {glohal disribution) of 1037
2. Abbreviztion for years: ep. U387 =935,

1]

The first year that a given Repiikin appears Is indicated at the beginning of the series of years in which that Replikin hes been found.in this werk.



verfapping Replikin sequences are Hsied separately.

Increase in nunber of new Replidn structures ocsors in vesrs o

Zeplikins per 100 aminoe acid residues). See Figurs 5.

epidermics furderlinzd): eg. 195

965 and correlates with increased torsl Regplikin concen fration (number of



Table &
H3M2 Replikin Seguences present in H3N2 hemegelutining of Jofluenza viroses in each wear for whick aimino zcid seqeences were avaitable (1968-2800}

Toflnenza H3IN2 ReplikingYear Detected in Influerza H3N2 straim Inflecnza Eeplikins

{(Peak in Figrre 8:  P3 E3 Ed}

hdvyrdealmmrfgikgvelksgyk (SEQ ID NG, 263 198872, 75 05,0798
htidlidsemnkiferitk {SEQ [ N, 264) 1343

kfhgiek {SEQ ID MO, 269) 196872, 33 17 96,97,98
ktnekihfg/ghisk {SEQ D NO. 265! 1908 36 93
Klar{vMiekinekfh (SEQ ID NO. 267) 196872, 75, 737 97,08
hgisketsevepriadielorvedt (SEQ I MO, 263} 189408.72, 93
kicnophk (SEQ ED MO, 2693 973

Kinrvikkmeksh {SEQ ID NO. 270} 1975

hd(i,viyrdealmarfgik{g/gve{tks{o/glvk (SEQ ID NO. 271} BOTSFE,TE. 30
haiskefsevegrigdlelorvedtk (SEQ IDNOL 272} ig73a

Kyvedilidlwsypeeilvalengh (SEQ D N0, 273 A573
kyvkaquslidatgmrmrvpekqirglfeaiagfiengwesmidewyefrh (SEQ D NOL 274y 1975

kefsevegriqdlekyvedikidlwsynaslivalengh (SEQ IR NO. 275 ST 2008

han{sfe){e’a(t's)e(q/y)aad(Vg k-
-stgfafmlal i NI e inA el vinr'shifelolk {SEQ ID NO.276) 1575 2000
hed(g/gltio rinelondifiv, Darsfiik (SEQ D N0 27T L0770, 7. T8 86,81 82 33 84,85 86,88 80 00 91 92.03,04 95 05,57 98




s

htditdsemnkEklfertrk {SEQ I NO. 278) 1

ksgstvpvikvimpnndofdklyiwgvh (SEQ ID NO. 279) 1977
Klawltksgatypvinvimpandafdklviwevh (SEQ ID NO. 250} 1932
htiditdsemnidfekick (SEQ ID 0. 281)

Klnshiektoelfhgtek (SEQ ID NO.L 2520

htgkssvimsdapidicnsecitprgsipndhpfonvnkitysacpk (SEQ 1D 2390, 282 1994

1594
1994

highkssvmesdapidicnsecitprgsipndkpfonvek (SEQ D NO. 284)
hpstdsdqtsbyvrasgrvivstiasggtvipk (SEQ ID NO. 285)

kyvedikidlwsynasiivalengh {3EQ ID O, 235)

1997 98
klfertrkgirenzedmgrecilayh (SEQ ID N0, 287y 1998
krsiksfisrinwlh {SEQ ID NG, 238 1598
hpvtigecphy(vinkstk {SEQ T NO, 2585} 2000
kgnsypklskilsksyiinkleevivivgdh (SEC HY NO. 290} 2000
Eiskisks(v/v)iinkkkeviviwgih (SEQ D MO, 291} 2000
Ksks(v/yimbkkdeviviweih (SEQ I NO. 290 2004
1. Influenza H3MZ was responsible for the hurnan pandsmic (ginbai distebution) of 1968
2. Abbreviation for vears: eg. <777 =1977.
3. The first year that 2 given Replikin appears is indicated at the beginning of the series of years in which that Replikin has been found.
4. Chvertapping Replilin sequences ate Hsted separately.
5. Increase in number of new Replilin siroctures oocuzs in vears of epidemics (underlined) : eg. 1975 and correlates with increased toial Replikin conceniration

{nurober of Eeplikins per 1040 amang acid residues).  See Figore 8.
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[0140} Both the concentration and Llype, ie., camposition of Repliking
observed, were found to velate to the occurrence of influenza pandemics and
epidemics. The concentration of Repliking in influenza viruses was examined by
visually scanning the hemagglutinin amino acid sequences published in the National
Library of Medicine "PubMed" data base for influenza strains isolated world wide
from human and animal reservoirs vear by year over the past century, i.e., 1900 to
2001, These Replikin concentrations (number of Repliking per 100 amino acids,

mean -+/- SD) were then plotted for each strain.

[0141] The concentration of Repliking was found to directly relate to the
occurrence of influenza pandemics and epidemics. The concentration of Replikins
found in influenza B hemagglutinin and influenza A strain, ¥1N1, is shown in
Figwre 7, and the concentration of Repliking found in the two other common
influenza virug A strains, JI2N2 and FI3N2 is shown in Figure 8 (H2ZN2Z, H3N2).
The data in Figure § also demonstrate an emerging new strain of influenza virus as

defined by its constituent Replikins (H3N2(R)).

[0142] Hach influenza A strain has been responsible for one pandemic: n
1918, 1957, and 1968, respectively. The data in Figures 7 and 8 show that at Jeast
one Replikin per 100 amino acids is present in each of the influenza hemwagglutinin
proteing of all isolates of the four common influenva viruscs examined, suggesting a
function for Replikins in the maintenance of survival levels of replication. In the
19908, during the decline of the FIAN2 strain, there were no Rephiking in many
isolates of FI3N2, but a high concentration of new Repliking appeared in II3N2

isolates, which define the emcrgence of the HANZ(R) strain.

[0143) Several properties of Replikin concentration are seen in Figure 7 and
Figure 8§ to be common to all four influenza virus strains, First, the concentration is
cyclic over the years, with a single cycle of rise and fall oceurring over a petiod of
two to thirty years. This rise and fall is consistent with the known waxing and
waning of individual influenza virus strain predominance by hemagglutinin and
neurarninidase classification.  Second, peak Replikin concenirations of each
influenza virug sirain previously shown to be responsible for a pandemic were

54
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observed (o relate specifically and individually to each of the thyee ycars ol the
pandemics. For example, for the pandesmic of 1918, where the influenza virus strain,
FIN1, was shown to be responsible, a peals concentration of the Replikins in FIINI
independently ocenrred (P1); for the pandemic of 1957, where H2N2 cmerged and
was shown 1o be responsible, a peal concentration of the Repliking in HZNZ
occurred (P2); and for the pandemic of 1968, where I3N2 emerged and was shown
to be the cause of the pandanwic, a peak concentration of the Replikins in FIIN2
ocewrred (P3). Third, in the years immediately following each of the above three
pandemics, the specific Replikin concentration decreased markedly, perhaps
reflecting the broadly distributed immunity gencrated in each case. Thus, this post-
pandemic decline is specific for FIINT immediately following the pandennc (P1) for
which it was responsible, and is not a general property of all strains at the time. An
inerease  of Replikin  concentration In influenza B repcatedly occurred
simultancously with the decrease in Replikin concentration in HIN1, e.g, EB1 in
1951 and EB2 in 1976, both associated with inflluenza 13 epidemics having the
highest mottality.  (Stuart-Harris, et al., Edward Amold Fid, (1983). Fourth, a
secondary peak concentration, which exceeded the primary peak increasc in
concentration, occurred 15 years after each of the three pandemics, and this
secondary peak was accompanied by an epidemic: 15 years after the 1918 pandemic
inan HINI ‘epidemic’ year (131); cight years after the 1957 pandemic in an H2N2
‘epidemic’ year (£2); and occwrred seven years after the 1968 pandenuc in an HIN2
‘epidemic’ year (B3). These s.eccmclm‘y peak concentrations of specific Repliking
may reflect recovery of the strain,  Fifith, peaks of each strain’s specific Replikin
concentration frequently appear to be associated with declines in Replikin
concentration of one or both other strains, suggesting competition between straing
for host sites. Sixth, there is an apparent overall tendency for the Replikin
concentration of each strain to decline over a period of 35 years (F2N2) 1o 60 years
(influenza BB). This dechine cannot be ascribed to the influence of vaccines because
it was evident in the case of influenza B from 1940 to 1964, prior to commion use of
influenza vaccines. In the case of influenza B, Replikin 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 Jow occarrence of influenza B i
recent case isolates, H1NT Replikin concentration peaked in 1978-1979 (Figure 7)
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together with the reappearance and prevalence of the HIN! strain, and then peaked
in 1996 coincident with an ITIN1 epidemic. (Figure 7). HINI Replikin
concentrabion also declined between 1997 and 2000, and the presence of HINI
strains decreased in isolates obtained during these yeavs. For H2N2 Replikins,
recovery from a 35 year decline has not occtrred (Figure 8), and this correlates with
the absence of H2N2 from recent isolates, For H3NZ, the Replikin concentration of
many isolates fell to zero during the period from 1996 to 2000, but other HIN2
isolates showed a significant, sharp increase in Replikin concentration. This
indicates the emergence of a substrain of I3N2, which is designated horein as

H3N2(R).,

[0144] Figures 7 and § demonstrate that frequently, a one o three year
stepwise increase is observed before Replikin concentration reaches a pmk This
slepwise increase procceds the occurrence of an  epidemic, which occurs
coneurrently with the Replikin peak. Thus, the stepwise increase in concentration of
a particular strain is a signal that particular strain is the most likely candidate to

cause an epidemnic or pandemic.

10145] Currently, Replikin concentration in the [H3IN2Z(R) sirain of mfluenza
virus is increasing (Figure 8, 1997 to 2000). Three similar previous peak increases
in HAN2 Replikin concentration are seen to have occwrred in the H3N2-based
pandemic of 1968 (Figure 8), when the strain first emerged, and in the HINZ-based
epidemics of 1972 and 1975 (Figure 8). Each of these pandemic and epidemics was
associated with excess mortality, (Ailing, et al, Am J. Bpidemiol, 113(1):30-43
(1981). The rapid ascent in concentration of the MAN2(R) subspecies of the H3N2
Repliking in 1997-2000, therefore, statistically represents an carly waning of an
approaching severc epidemic or pandemic. An H3N2 epidemic occwired in Russia
in 2000 (Figure 8, £4); and the CDC report of December 2001 states that currently,
HI3N2 is the most frequently isolated strain of influenza virus worldwide. (Morbidity
and Mortality Weekly Reports (MMWR), Center for Disease Control; 50(48):1084-
68 (Dec,7, 2001).
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[0144] In each case of influenza vivus pandemic or epidemic new Repliking
emerge. There has been no observation of two of the same Repliking in a glven
hemagglutinin in a given isolate. To what degrec the emerpence of a new Replikin
represents mutalions versus ransfer from another animal or avian pool is unknown.
In some cases, each year one or more of the original Replikin stractures is
conserved, while at the same time, new Repliking emerge. For example, in mnfluenza
virus I3 hemagglutinin, five Repliking were constantly conserved between 1919 and
2001, whereas 20 Replikins came and went during the same period (some recurred
after several years absence)., The disappearance and re-emergence years later of a
particular Replikin structure suggests that the Rephkms retwrn from another virus

host pool rather than throvgh de nove mutation.

{01471 In the case of HINI Repliking, the two Repliking present in the Pl
peak associated with the 1918 pandemic were not present in the recovery Hi peal of
1933, which contains 12 new Replikins., Constantly conserved Replikins, therefore,
are the best choice for vaccines, either alone or in combination. However, even
recently appearing Repliking accompanying one yecar’s increase it concentration
frequently persist and inerease further for an additional one or more years,
culminating in a concentration peak and an epidemic, thus providing both an carly
warning and time to vaceinate with synthetic Repliking (sce for example, HINT in
the early 1990'%, Figure 7; see also, for example, FISN1 1995-2002, FIGURE 11,
“Replikin Count” (number of Repliking per 100 amino acids) refers to Replikin

concentration).

[0148] Ihe data in FIGURES 7, 8§ and 11 demonstrate a direct relationship
between the presence and concentration of a particular Replikin in influenza protem
sequences and the occurrence of pandemics and epidemics of influenza.  Thus,
analysis of the influenza virus hemagglutinin protein sequence for the presence and
concenlration of Replikins provides a predictor of influenza pandemics and/or
epidemics, as well as a target for influenza vaceine formulation. It is worth nothing
again (sec paragraph [0109]) with reference to this data, previously, no strain-

specific chemieal structures were known with which to predict the straing that would



2l

predominate in coming influenza seasons, nor to devise annual mixtures of’ whole-

virus atrains for vaceines.

[0149] Similar to the findings of strain-specific Replikin Count increases in
the influenza group one to three years prior to the occurrence of a strain-specific
gpidemics, the increase in Replikin Count of the coronavirus nucleocapsid protein
has also been identified. Replikin Counts of the coronavirus nucleocapsid protein
has increased as follows: 3.1 (£1.8) in 1999; 3.9(£1.2) in 2000; 3.9 (=1.3) in 2001,

¢

and 5.1 (£3.6) in 2002. This pre-pandemnic increase supports the finding that

-

coronavirus is responsible for the current (2003) SARS pandemic. (See Table 7)

[0150] Thus, monitoring Replikin structure and Replikin Count provides a
means for developing synthetic strain-specific preventive vacemation and antibody
therapies against the 1917-1918 Goose Replikin and its modified and accompanying

Repliking as observed in both influenza and coronaviras strains.

{0151] Figure 10 depicts the automated Replikin malysis of nucleocapsid
coronavirus proteins for which the protein sequence is available on isolates collected
from 1962 to 2003, Dach individual protein is representied by an accession number
and is analyzed for the presence of Repliking. The Replikin Count (number of
Repliking per 100 amino acid) is automatically calculated as part of the automated
Replikin analysis. For each year, the mean (4 Standard deviation (8.1D.)) Replikin
Count per year is automalically calculated for all Replikin Counts that year. This
example of early warning of increasing replication, before an epidennc, of a
particular protein (the nucleocapsid protein) in a particular virus strain (the
coronavirus) is comparable to the increasc seen im strains of influenza virus
preceding influenza epidemics and pandemics (FIGURES 7, 8 and 11). Tt may be
seen that the Replikin Count rose from 1999 to 2002, consistent with the SARS
coronaviras pandemic, which emerged at the end of 2002 and has persisied into
2003, Figure 9 provides a graph of the Replikin Counts for several virus strains,

including the coronavirus nucleocapsid Replikin, from 1917 to 2002.
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{ Rerlikin Sequence : | ORGANTSM
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A IHFLUENZA, SARS AND OTHER CORONG PIRLUSES

| i 1017-i% Goosz Reolika: (S5 I
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2063 Cancine coronavires [SEQ )
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kagl ypmnrnl s k s v & a o kE g k = v ! 1 1 w = v h #h ey EZ HIlZ (SEQ 1D HG 7280
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B & f{ nspagp ki e g 5 g v p d o =2 a8 1 & 1t 5 g g & 27 P WO 715
Porcine epidermnic diarthea
k t gz s Bl gs k¥ kK & k k& n k t =« ¢t t 1 g a hk [ 24 ! coronavinus (SEQ D ND. TN
i P 2003 Bumas SARS noeleocapsid
kB! & & v K: fp p t e p E K 4 kK kK kK K i 2 E[SEQE}NG.‘FEE}

! Human coranavizus 229E 2000, SEQ 1D NO. 794: kksakigtokosrmospassgisakslersgsseikegkh

* Canine coronavirus 2043, SEQ 1D MO, 795 kkiguitekgugrsrskskersnskirdtipinenkh
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2002 Human SARS spike proteis |
19 (SEQID NG, Ti 7y

2003 Human SARS spike protein
f En h is SEQIDNG. 718
; ;2003 Human SARS soilie peotein
3 ISEQ T MG, 715y
: Z00: SARS emvelope protein (5EQ
D eI, 7203

2061 Humer SARS wucleacapsic
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i B OTHER VIRUSES, BACTERIA, MALARLL AND CANUER REPLIKINS
|
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SARS and H3N2-Fujian influenza virus replikins traced back to a 1918
pandemie replikin

[0152) The origin of the SARS virus is as yet unknown., Wereport evidence
that certain SARS virus peptides can be traced back through homologous peptides
in several straing of influcnza virus isolates from 2002 to a sequence i the strain of

the 1918 influenza pandemic respounsible for the deaths of over 20 million people.

[0153] By quantitative analysis of primary protein sequences of mfluenza
virus and other microorganisms recorded through the last century we have found a
new class of peptide structures rich in [ysines and histidine, related to the
phenomenon of rapid replication itself and to epidemics, rather than fo the type of
organism (eg. Table 1) and named them Repliking, We have found a new clags of
peptide structures with the following obligatory algorithm: at least two Jysines 6 to
10 residucs apart, tysine concentration 6% or greater, one histidine, in 7 to 50
amino acids, Because these peptides relate to the phenomenon of rapid replication
itself and to epidemics, we numed them Replikins, W have found a quantitative
correlation ol strain-specific replikin concentration (replikin count = number of
repliking per 100 amino acids) in the hemagplutinin proten with influenza
epidenzics and pandemics (Figure 73 No previous correlation of influenza
epidernics  with  strainespecific viral protein chemistry have been reporied.
Conservation, condensation and concentration of replikin struclure also has been
found in influenza (e 1n Table 74), HIV and malaria. The detection of repliking mn
SARS coronavirus, in addition to tracing its possible evolution, bas permitted the

synthesis of small SARS antigens for vaccines.

[0154] We have found a quantitative correlation of strain-specific replikin
concentration (count) in the influenza hemagglutinin proteins with influenza
cpidemics and with each of the three pandemics of the Jast century, in 191§, 1957,
and 1968, A simifar course was observed {or each of these three pandemics: after a
strain-specific high replikin count, an immediate decling followed, then a ‘rebound’
increase with an accompanying cpidemic occurred. Also, a 1 to 3 year warning

increase in count preceded most epidemics,
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[0155] We found that the veplikin in the hemagghitinin of an influenza virus
isolated frotn a goose in 1917 (which we named the Goose Repliking appeared in
the next year in the I1IN1 sirain of influenza responsible for the 1918 pandemic,
with only two substitutions as follows: kkg(t/s)sypklsksy(t/vimkgkevlviwgvih.
Table 7a shows that the influenza 1917 Goose Replikin (GR) then was essentially
conserved for 85 years, despie multiple munor substitutions and apparent
(ramslocations to other influenza straing. We have found that the 1917 influenza GR
demonstrated apparcnt mobility between several influenza strains, appearing i
HINT (the pandemic of 1918), in F2N2 (pandemic of 1957-58), in H3NZ
(pandemic of 1968, epidentic in China and Russia 2000, Fujian strain epidemic
2003) and in FISN1 (epidemic in China 1997, In 1997 ils structure was restored in

HIN2 exactly to its 1918 gtructure kkgssypllsksyvnnkgkeviviwgvhh.

(0156} The SARS coranavirns fivst appeared i the 2002-2003 influenza
season. The dual origin in 2002 of SARS repliking, from influenza GR and
coronavirug repliking (or from some unknown shared precursor) is suggested by the
following cvents, all of which occurred in 2002: 1) a condensation for the first time
in 85 vears is seen in the GR-HIN2 Replikin sequence from 29 to 28 amino acids
(Table 7a)}A similar condensation was found in H3N2 Fujian from 29 to 27 amino
acids in the current cpidemic (Table 7a)), 2) the replikin count of GR-HINZ
showed a marked decline consistent with GR moving owt of FFIINZ; 3) the replikin
count of coronavirus nucleocapsid proteins showed a marked increases and 4)
SARS coronavirus appearcd in 2002-2003 with repliking contabung the following
motifs: ‘kke’ and ‘k-K’, previously seen in GR 1918 and GR-HIN2 2001; ‘k-kk’,
Gk’ and ‘K1 scen in influenza GR-FINZ 2001; ‘kk’ seen in the avian bronchitis
coronavirug repliking and ‘Wk-kk-k’, ‘k-k’, “kk’, kI’ and *kt’ seen in the replikin
of porcine epidernic diarthea coronavirus (Table 7a) (SARS is believed to have
made jts {irst appearance in nunans as the epidemic pneumonia which erupted in a
erowded apartment house where there was a severe back-up of fecal sewage, which

was then airborne by ventilating fans).



Table 7a.
Goose Replikin (GR) sequences in different infhuenza strains from 1917 to 2003:
SARS and HAN2-Fujian appearapce 2002-2003.

Lt Replikins refated to the Googe Repliking Renlikin Virns oy other oreanisin
Continuous amino acid sequenees Length  containing replikin
Shared maotif and/or position— 5!#@1_1-‘15_3 (Number (Complete repliking
Aming acid substitutions clear background of amino except for Fujian strain)

*Condensed” indicates condensation of acids)
10 seguence length in HIN2 and H3N2-Fujian

SEQUID
NO.

29 1917 MIN_ Influenza Goose Replikin (GIY)
¥ 743 20 1918 GRin HiNLHuman Influenza

15
& 744 29 1958 GR H2N2 Influenza
% 745 29 1964,1965,1968 GR in HAN2 Tnfluenza
29 1976,°77,780,°81,"85 GR in HINT Influenza
1 29 1996-2001 GR in HSNT Influenza
20 £ 746 20 1996 GRin HIN1 Influenza
{747 29 1997,i098 GR in HIN1 Influenza
s o748 20 1999 GR in HIN2 Influenza
i 749 29 2000 GRin HIN2 Influenza
196 750 29 2001 GRin HINZ Influenza
25 ; 29 2001 GR in IIIN2 Influenza

28 2002 GIUin HIN2 Inflnenza (condensed)
21 2002-3 Thunan SARS nucleocapsid protein
i i 4 ‘ G 751 29 1968-2001 GR in H3N2Z Influcnza (complete)
G'.: 1 a:y]t‘vpa 1 nvi' m]agm xclln dlr % ‘wq\rhh 752 20 1996 H3N2 Fujian Infinenza (incomplete)
30 ky]ﬂ'ypau i t,m}mnﬁkf cﬂc] y1 wrwhh' 7E3 27 2003 F3NZ Fujian{condensed,incomplels)
B 24 Poreine epideimic diarrhea corenavitus

ff.;‘}:;‘n e J:gp} 1' ¢ 3 u v pdm_nl)s.t t:q(_;‘i.:; 27 Aviarn bronchitis coronavirug
;kkuv}:.ﬁ rl}‘i,qll.)hlj‘;\fl ldvr cq;z'ﬂcq Lplh 754 27 2000 shrimp white gpot syndrome virus
}-lh LrLeyse ]p.lt:i GoEg \f]_}dnc-n L f.;qq‘-]b: 27 Awvian bronchitis coronavirus
35 '&{ lared vf)s.ulf{,dc_;t 1yvy§3§_ TES 20 2002-3 Human SARS spilte profein
3?':]5::; fa L] 1.1‘111.1'\ 3w 756 14 2002.3 FMuman SARS nucleocapsid protein
'é:.lﬂ rafvE Jr.; :,Ja:dc_;f Ty y&f}:' 20 200223 Hunan SARS spike prolein
A RS vl 14 20023 Muman SARS nucleocapsid protejn
&c-‘c:’ldik'yl.}%:n;:iﬁ 11 2002-3 Human SARE spike protein
40 Egagih Rh,i’c: 9 2002-3 Human SARS envelope protein
iiyr\;l 1hcﬂ:. 9 2002-3 Human SARS gpike protein
ﬁchl day] 7 2002-3 Huoian SARS nucleocapsid protein
ﬁccﬂrg ipi kkr_,tg 11 Nipah virus, v-prolein
festr mp il kqh 11 Hendra virus, v-protein
A5 s}c'kl Ingf: hin 10 Sindbis virus
klwkkhkd' d 10 EEL leukemia
.Ichhp]qdm s : 10 BROCA-I breast cancer
h:hk: e L q];; [0 Ovarlan cancer
Eg.al Envaf Lk 10 Glioma Replikin

it

i 9 Smallpox virus

50 ;4_:1}111._1'&1 ;
G4
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9 HIV VAT profein

?ml': 1119:"41 | 8 Bmallpox virus

l‘{ilef‘lfh*:& 8  Banthracig, HATPase

Bilthat vy §  Ebola virus polymerase

[G157] The recent increasingly high replikin count peaks of the 1917 Goose

Replikin (Figure 7), now in N2 (Table 7a), approaching the 1917 replilin count,
could be a waming of a coming pandemic which may already have begun since the
SARS virug and the HIN2-Fujian virus arc the current carriers of the short replikin
derivatives of the Goose Replikin seen in Table 7 and 7a 1o be agsociated with high

mortality.

|0H158] since the Goose Replikin has at least an 85 year history invelving most
or all of the A-strains of influenza and SARS, it and its components are couscrved
vaccine candidates for pan-strain protection. Condensed short SARS replikins, 7 to
21 amino acids long, enriched n % lysme and lustidine compared o the Goose
Replikin, ocourred In association with the higher mortality rate of SARS (10-55%)
when compared to that (2.5%) of the Goose Replikin, 29 amine acids long. Short
repliking here mixed with long replikins in SARS may be responsible for high
mortality, This 15 also the case for repliking of other orgatsms such as the ebola and
smallpox viruses and anthrax bacteria (Table 7a). These short SARS repliking
showed surprising homology with shorl replikins of other organisms such as
smallpox, anthrax, and ebola which are associated with even higher unireated

mortality rates (Table 7a).

[0159] Short synthetic vaceines, besides being much more rapidly produced
(days rather than months), and far less expensive, should avoid the side effects
attendant on the contamination and the immunological interference engendered by
multiple epitopes of thousands of undesired proteing in current whole virug vaccines
in general. In any case for influenza, current whole virus vaccines are incffective in
more than half of the elderly. But would short repliking be sufficiently
immunogenic? The short glioma replikin ‘kagvaflhkk® proved to be a successiul
basis for a synthetic anti-glioblastoma miltiforme and anti-bronchogenic carcinoma
vaceine. It produced anti-malignin antibody, which is cytotoxic to cancer cells at
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picograms/cell and relates quantitatively to the survival of cancer patients, In order
to prepare for a recurrent SARS attack, which appears likety because of the surge we
found 1n the coronavirus nucleocapsid replikin count in 2002, We synthesized four
SARS short rephilins, found in nucleocapsid, spike, and envelope proteins. We
found that these synthetic short SARS replikins when injected into rabbits also
produced abundant specific antibody. For example, the 21 amino acid SARS
nucleocapsid replikin antibody binds at dilutions greater than 1 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
protein or the thousands of proteins or nucleic acids as in smallpox vaceine, the
ability of small synthetic replikin antigens to achieve sirong imnmune responses is

significant for the eftficacy of these SARS vaccines.

10100] We examined the relationship of Replikin structure in influenza and
SARS viruses to increased mortality, with results as shown in Table 7 The relation
of Iigh mortality to short or condensed Replikin sequences is seen in the high
mortality organisms ghown in Scction B of Table 7, in viruges other than mfluenza
and SARS, and in bacteria, malaria and cancer. In support of the unifying concept
of Replikin structure and of the relation of Repliking to rapid replication rather than
any cell type or infectious organism, in addition to the prevalence of the basic
Replikin structure in a broad range of viral, bacterial, malarial and cancer organisms
in which teplication is crucial (o propagation and virulence, the following
homologous sequences have been observed: note the “k™s in positions | and 2, note
the alignment of “k™s as they would present to DNA, RNA or other receptor or
ligand for incorporation or to stimulate rapid replication, note the frequency of
“double k”s and “multiple k”s , note the frequency of “g” in position 3 and the
ocowrrence of the wiplets *“kkg”, “hele”, “hdk”™ and “hkk™ in the most condensed
shortened Replikins associated with the highest mortality organisms, cancer cells
and genes as diverse as the smallpox virus, the anthrax virus, Rous sarcoma virus
and gliohlastome muliforme (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 Hendrah viruses. These two viruses are reported to have similar or identical
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antibodies formed against them but no structural basis has been known for thig up
till now, with our finding of their two almost identical Repliking, for this similar
antibody, Table 7 also shows the relationship of five SARS Replikins of 2003
which we have found both to the influenza Goose Replikin of 1917 and to two
coronaviruses, the avian bronchitis coronavirus and the porcine epidemic diarrhea
virug. The {irst 2003 human SARS Replikin in Table 7 shows certain sequence
homaologies to the influenza virus goose 1917 and human 1918 Replikins through an
intermediary structure of influenza HIN2 in 2002 (e.g., see Replikin “k” in positions
1, 18 and 19). The 1917 Goose Replikin sequence is seen in Table 7 to have been
largely conserved despite many substitutions in amino acids which are not crucial to
the definition of Repliking through 1999 (substitutions ae show i italics). The
original 2% amino acid 1917 Replikin sequence was then found to have been almost
exactly restored to 1{s structure of 1917-1918 in the 2001 HIN2 Replikin. Howcever,
the 2002 FINZ influenza Replikin hag been shortencd from 29 to 28 amino acids
and the “shift to the left” of amino acids kevi(i/v)wg (v/i)hh is clearly evident. In
2003, one Replikin was further shortened (or compacted) o the 21 amino acid
Replikin of the first listed 2003 human SARS virus. The % k of the 2003 SARS
Replikin is now 38.1 % (8/21) in comparison to 20.7 % of the Goose Replikin and
the 1918 IHuman Pandemic Replikin, Compared 1o the inflnenza 29 amino acid
Replikin, three SARS Repliking were found to be firther shortened (or compacted)
to 19, 11 and 9 amino acid long scquences, respectively. In the SARS 9 amino acid
scquences shown, the % Kk is 44.4% (4/9). With the shortening of the SARS
Repliki, the SARS mortality rate in haumans rose to 10% in the young and 55.5 %

in the elderly compared to the 2.5 % mortality in the 1918 influenza pandemic.

[0161] The amino acid sequences are shown in Table 7 to emphasize the
degree of homelogy and conservation for 85 years (1917-2002) of the mnfluenza
Replikin, for which evidence has first been observed in the 1917 Goose Replikin.
No such conservation has ever been observed before, Table 7 also illustrates that
fhe Repliking in the 2003 human SARS virus, in addition to having homologies fo
the influenza Replikins which first appeared as the 1917 Goose Replikin and the
1918 Human Pandemic influenza Rephlan, show certain sequence homeologies fo
both the coronavitus avian bronchitis virus Replikin (e.g. “k” in positions 1 and 2,
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end in “h”) and to the coronavirus acuie dianhea virug Replikin (e.g, “k™ in positions
Pand 11, “B” at the end of the Replikin). This evidence of relation to both influenza
and coronavirus Repliking is of inferest because SARS avose in Hong Kong as did
several recent influenza epidermics and earlier pandemnes, and the SARS virus has
been classificd as a new coronavirug partly because of ifs structure, meluding
nucleocapsid, spikc, and envelope proteins. Certain epidemiological evidence also
is relevant in that SARS made its first appearance in humans as the cpidemic

pneumonia, which erupted, in a crowded Hong Kong apartment house where there

was a severe back-up of fecal sewage, which was airhorne by ventilating fans.
[6G162] Composition of Repliking in Straing of Influenza Virus B: Of a total

af 20 Repliking identified in this strain (Tabic 3, the following ten Replikins are
present o every mnfluenza B isolate examined fromy 1940-2001. Overlapping
Replikin sequences are listed separately. Lysines and histidines are in bold type to
demonstrate horology consistent with the "3-point recognition.”

kehfanlk (SEQ ID NO. 104)

kshiantkgtk (SEQ ID NO. 105)

Eshfanllegtitrakleple (SEQ 11D NO. 106)

hekygglnk (SEQ 1D NO. 107)

hekygglnksk (81EQ T NO. 108)

hekygglnkskpyytgehalk (SEQ 1D NO. 10)

hakaignepiwyvk (SEQ 11D NO. 110)

hakaignepiwvvidkiplilangtk (SEQ ID NO. 111)

hakaignepiwvktplklangtloyrppalke (SEQ 10D NO. 112)

haleai gnepiwvkipildangtioyrppaldlk (SEQ D NO. 113)

- |0163) Tables 3 and 4 mdicale that there appears to be much greater stability

of the Replikin structures in mfluenza B hemagglutining compared with HINI
Replikins.  Influenza 33 has not been responsible for any pandeniic, and it appears
not to have an apimal or avian reservoirs. (Stuart-Flarns et al, Bdward Arnold Lid.,

London (1 9&‘35)).
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[0164] Ifluenza HINI Repliking: Only one Replikin "hp(v/ijftigecplyv-
(/R s/O(a)k" 1s present in every HIIN1 isolate for which sequences are available
from 1918, when ihe strain first appeared and caused the pandemic of that year,
through 2000. (Table 4). ("(v/1)" mdicates that the amino acid v or i is present m the
same position in different years.) Although HIN1 contains only one persistent
Replikin, TIINT appears to be more prolific than influenza B, There are 95 different
Replikin structures in 82 years on [HINT versus only 31 different Replikins in 62
years of influenza B isolates (Table 4). An increase in the number of new Replikin
structurcs occurs in years of epidemics (Tables 3, 4, 5 and 6) and comelates with

ncreased total Replikin concentration (Iigurcs 7 and 8).

[0165] Influenza F2N2 Replikins:  Influenza H2N2 was responsible for the
human pandemic of 1957, Three of the 20 Replikins identified in that stramn for
1957 were conserved in each of the H2N2 isolates available for examination on
PubMed unti) 1995 (Table 5).

ha(k/g/my(dmnlekthngk (SEQ 1D NO., 232)

hak/g/m)(d/milelcthnglde(k/r) (SEQ 113 NO. 233)

kasnyp(v/iak(g/msynntsgeqmbiwg(v/)h (SEQ 1) No. 238)

[0166] However, in contrast to HINT, only 13 additional Replikins have been
found in FI2ZNZ beginning in 1961, This paucity of appearance of new Repliking
correlates with the decline in the conceniration of the H2NZ Repliking and the

appearance of H2N2 in isolates over the years. (Figure 8).

{0167] Tnfluenza H3N2 Replilans: Influenza H3N2 was responsible for the
human pandemic of 1968, Five Repliking which appearcd in 1968 disappeared after
1977, bul reappeared in the 1990s (Table 6). The only Replikin structure which
persisted fov 22 years was hed{(g/q)f(g/rmekwdlf(v/Der(s/tk, which appeared first in
1977 and pergisted through 1998, The emergence of iwelve new HIN2 Repliking in
the mid 1990s (Table 6) correlates with the inercase in Replikin concentration al the
same time (Figure 8), and with the prevalence of the H3N2 strain in recent isolates
together wath the concurrent disappearance of all Replikins from some of these
isolates (Figure 8), this suggests the emergence of the new substrain HM3N2(R). The
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current epidemic in November - December 2003 of a new strain of M3N2 (Fujian)
confirms this prediction made first in the Provisional Application US 60/303,396,

filed July 9, 2601.

{0168] Figures T and 2 show that influenza cpidemics and pandemics correlate
with the increased concentration of Repliking in influenza virus, which is due {o the
reappearance of at least one Replikin from one to 59 years alter its disappearance.
Also, in the A strain only, there is an emergence of new strain-specific Replikin
composifions (Tables 4-6, sece also increase in number of new Replikins, pre-
epidemic for HSNI in Figure 11). Incrcase in Replikin concentration by repetition
of individual Repliking within a single protein appears not to occur in influenza

virus, but is seen in other organisms.

[0169] - It las been believed that changes in the activily of different mfluenza
straing are related to sequence changes in influenza hemagplutinins, which in turm
are the products of substtutions offected by one of two poorly understood processes:
i) antigenic drift, thought to be due to the accumulation of a series of point mutations
in the hemagglutinin molecule, or ii) antigenic shift, in wlnch the changes are so
great that penetic reassortment is postulated to occur between the viruses of humsan
and non-human hosts. First, the present data suggests that the change in activity of
different influenza straing, rather than being related to non-specific sequence
changes, are based upon, or relate to the increased concentration of strain-specific
Repliking and strain-specific increases in the replication associated with epidemics.
In addition, the data were examined for a possible insight into which sequence
changes are duc to "drift" or "shift", and which are duc to conservation, storage in
reservoirs, and reappearance. ‘The daia show that the epidemic-related increase in
Replikin concentration is not due to the duplication of existing Replikins per
hemagglutinin, but is due to the reappearance of at least one Replikin cotposition
from 1 to up to 59 years after is disappearance, plas m the A strains only, the
emergence of new strain-specific Replikin compositions (Tables 3-6). Thus the
increase in Replikin concentration in the influcnza B epidenuies of 1951 and 1977
are not associated with the emergence of new Replikin compcnsii‘iohs in the year of
the epidemic bt only with the reappearance of Replikin compositions which had
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appeared in previous years then disappeared (Table 3). In contrast, for the A strains,
in addition {¢ the reappearance of proviously disappeared viros Repliking, new
compositions appear (e.g. in HINI in the year of the epidemic of 1996, in addition to
ihe reappearance of 6 earfier Replikins, 10 new compositions emerged). Since the A
strains only, not influenza B, have access to non-hwmnan animal and avian reservoirs,
totally new compositions probably derive from non-human host reservoirs rather
than from mutations of cxisting human Repliking which appear to bear no
resemblance to the new compositions other than the basic requirements of "3-point
recognition” (Tables 2-5). The more prolific natere of HINI compared with B, and
the fact that pandemics have been produced by the three A strains only, but not by
the 13 strain, both may also be a function of the ability of the human A strams to

receive new Replikin compositions from non-human viral reservoirs.

[0370] Some Repliking have appeared in only one year, disappeared, and not
reappeared fo date (Tables 3-6). Other Repliking disappear {rom one to up to §1
years, when the identical Replikin scquence reappears. Key Replikin k' and B
amino acids, and the spaces between them, are conserved during the constant
presence of parlicular Repliking over many years, as shown in Tables 2 and 3-6 for
the following strain-gpecific Repliking: ten of influenza 1, the single Reptikin of
HINI, and the single Replikin of H3N2 as well as for the reappearance of identical
Repliking after an absence. Despite the marked roplacement or substifution activity
of other amino acids both inside the Replikin structure and outside t in the rest of
the hemagglutimn sequences, mfluenza Rephikin histidine (h) appears never o be,
and lysine (k) is ravely replaced. Lxamples of this conservation are seen in the
HINT Replikin "hp{v/iftigeepkyv(r/k)(s/A)ta)k," (SEQ 1D NO. 135) constani
between 1918 and 2000, in the H3N2 Replikin "hed(g/gyg.Onekwdlf{iv/)er(s/ k"
{(SEQ ID NO. 277) constant between 1975 and 1998 and in the H3IN2 Replikin
"han(s/eX e/ pt/De(q/vIaad/gkstq(a/m)a(i/Dd(@/e)l(n/a{gmk,(/vIn(r/s) vi{e/o)k”
(SEQ ID NO. 2706) which first appeared in 1973, disappeared for 25 years, and then
reappeared in 2000, While many amino acids were substituted, the basic Replikin
structure of 2 Lysines, 6 to 10 residues apart, ane histidine, a minimum, of 6% lysine

in not more than approximately 50 anuno acids, was conserved.
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[0171] Totally random substitution would not permit the persistence of these
HINT and H3N2 Repliking, nor from 1902 to 2001 in influenza I3 the persistence of
10 Replikin structures, nor the reappearance m 1993 of a 1919 [8mer Replikin after
an absence of 74 years. Rather than a random type of substitution, the constancy
suggests an orderly controtled process, or in the least, protection of the key Replikin
residues so that they are fixed or bound in some way: lysines, perhaps bound to
nucleic acids, and histidines, perhaps bound to respiratory redox enzymes. The

mechanisms, which control this conservation, are at present unlknown.

CONSERVATION OF REPLIKIN STRUCTURES

{0172] Whether Replikin stroctures are conserved or arc subject to extensive
natural mutation also wag examined by scamning the protein sequences of various
tsolates of foot and mouth disease virus (FMDV), where mutations in proteins of
these viruses have been well documented worldwide for decades. Protein sequences
of FMDV jgolates were visually examined for (he presence of both the entire
Replikin and each of the component Replikin amino acid residues observed n a

particular Replikin,

[0173] Rather than heing subject fo extensive subsiitution over time as occurs
in neighbonng amino acids, the amine acids which comprise the Replikin structure

are substituted litte or not at all, that is the Replikin structure is conserved.

10174] For example, in the protein VP1 of FMDYV type Q, the Replikin (5EQ
ID NO.: 3) “hlgkivapvk™ way found to be conserved in 78% of the 236 isolates
reported in PubMed, and each amino acid was found 1o be conserved in individual
isclales as follows: his, 95.6%,; lys, 91.8%:; gln 92.3%; lys, 84.1%; ile, 90.7%; val,
01.8%; 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 straciure and

provides constant targets for treatment,

[0175] Similarly, scquence congervation was found in different isolates of HIV

for its Replikins, such as (SEQ ID NO.: 5) “kefncgkegh” or (SEQ ID NO.: 6)

“kvylawvpahlk” in HIV Type 1 and (SEQ ID NO.: 7) “kewncghegh™ in HIV Type 2
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{Table 2). Further examples of scquence conservation were found in the HIV tal
proteins, such as (8EQ 1D NO.: 613) “helvekaklkglpisyarkk,” wherein the key lysine

and histidine amino acids are conserved, (See Table §).

[0176] Similarly, sequence conservation was observed in plants, for example
i wheat, such as in wheat ubiguitin activating enzyme B (SEQ 1D NOs. 614-616).
The Repliking in wheat even provided a reliable target for stimulation of plant
growth as described within, Other examples of conservation are seen in the constant
presence of malignin in successive gencrations, over ten years of tissue culfure of
glioma cells, and by the constancy of affimly of the glioma Replikin for
anthmalignin antibody isclated by immunocadsorption {rom 8,090 human seva from

the U.S., UK., BEurope and Asia (e, Figure 5 and U.S, Patent 6,242,578 B1).

10177] Similarly, conservation was observed in transg-activator (Vat) proteins
in isolates of HIV. Tat (trans-activator) proteing are early RNA binding proteins
regulating lentiviral transcription.  These protems are necessary components in the
life cycle of all known leativirases, such ag the human immunodeficiency viruses
(HIV). Tat is a transcriptional regulator protein that acts by binding to the trans-
activating response sequence (TAR) RNA element and activaies transcription
Initiation and/cr elongation from the TR promotler. HIV cacnot replicate without
tat, but the chemical basis of this has been uvnknown. In the HIV fal protein
sequence from 89 to 102 residues, we have found a Replikin that 1s associated with
rapid replication in other organismis. The amino acid sequence of this Replikin is
"helvekglkeglmsyarkk.” In fact, we found that this Replikin 1s present in every HIV
tal protein. Some tat amino acids are substitnied frequently, as shown in Table 9, by
alternate amino acids (in small size fonts lined up below the most frequent amino
acid (Table 8), the perceniage of conservation for the predominant Replikin
"helvefgkkglgisyerkl™).  These substitutions have appesred for most of the
individual amino aclds. However, the key lysine and histidine amino acids within
the Replikin sequence, which define the Replikin structure, are conserved 100% in
the sequence; while sabstitutions are common clscwhere in other mning acids, both

withm and outside the Replian, none occurs on these key histidine amino acids.
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10178]) As shown m Table 8 it is not the case that lysines arc not substituted in
the tad protein amino acid sequence. From the Ieft side of the table, the very first
lysine in the immediate neighboring sequence, but ouiside the Replikin sequence,
and the second lysine (k) in the sequence inside the Replikin, but "extra" in that i1 1s
not essential for the Replikin formation, are both substituted frequentiy. However,
the 31d, 4th and 5th lysines, and the one histiding, 1 parentheses, which together set
up the Replikin structure, are never substituted.  Thus, these key amino acid
sequences are 100% conserved.  As observed in the case of the influenza virug
Replikins, random substitution would not permit this sclective substitution and

selective non-substitution to occur due to chance.
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Table 8

% Replikin CONSERVATION of each constituent amino acid in the first 117
different isolates of HIV tat protein as reported in PubMed:

3 (100) 57 86 (100) (160) 6676 (200) 9 5740 (100} 94 {106) 97 08 4 &7 92 (L0OX100)(100)%
Neighboring

Amino acids tat Replikin

k@sy (M@ 1vEfqg k@e Ogisyg W

below are the amino acid substitutions observed for cach amino acid above:

h cof q i I h ¢ i aly hyqg
r wp I i h i v
hd § ¥ I m r 5
i § m §
§ r n
4
a
¢
P
q
[0179] The conservation of the Replikin structure suggests that the Replikin

structure has a specific survival function for the HIV virus which must be preserved
and conserved, and cannot be sacrificed (o the virus 'defense’ maneuver of amine
acid substitution created to avoid antibody and ofher ‘attack.” These ‘defense’
functions, although also essential, cannot 'compete' with the virug survival function

of HIV replication.

[0180] Further conservation was observed in different isolates of HIV for its
Repliking such as "kefnegkegh” (SEQ 1D NO. 5) or "kvylawvpahk" (SEQ 11 NO. 6)
in HIV Type 1 and "kewnegkegh" (SEQ 1D NO. 7} i HIV Type 2.

[0181) The high rate of conservation observed in FMVD and HIV Repliking
suggests that conservation also observed in the Repliking of intluenza Repliking is a
general property of viral Repliking, This conservation makes them a constant and

reliable targetod for cither destruction, for example by using specific Replikins such
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as for influenza, FMVID or FIIV vaccines as illustrated for the glioma Replikin, or

stimulation.
{0182} Similarly, ag provided in examples found in viruses including influenza

viruses, MDYV, and HIV, where high rates of conservation in Repliking suggest that
conservation is a general property of viral Repliking and thus making Replikinﬂs a
constant and reliable target for destruction or stimulation, conservation of Replikin
structures occurs in plants. For example, in wheat plants, Repliking are conserved
and provide a reliable target for stimulation. Examples of conserved Replikins i
wheat plants ubiquitin activating enzyme B include:

E3  hkdrikkyvdiavevakvdvpeyrrh (SEQ 1D NO. 614)

E2  hketldrkvvdvarevakvevpsyrrh (SEQ 1D NO, 615)

E1  bkerldikvvdvarevakmevpsyrrh (SEQ ID NO. 616)

L ST

[0183] Similarly to conservalion found i the ALV tat protein, the Replikin in
the wheat ubiguitin activating encyme E is conserved. Ag with the HIV tat protein,
substitutions of amino acids (designated with an **7) adjacent to the Rephkin variant
forms in wheat ubiguitin activating enzyme I3 are comunon, The key k and h amino
acids that form the Replikin struclure, however, do not vary whereas the

‘unessential® k that is only 5 amino acids (from the first k on the [eft) is substituted.

76



10

o]
h

30

ANTE-REPLIKIN ANTIBODIES

[0184] An anti-Replikin antibody i3 an antibody against a Replikin, Data on
anti-Replikin antibodies also support Replikin class unity.  An anti-Replikin
antibody response has been guantified by immunoadsorption of scrum antimalignin
antibody to immobilized matignin (see Methods in U.8. Patent No. 5,866,690). The
abandant production of antimalignin antibody by administration to rabbits of the
synthetic version of the 16-mer peptide whose sequence was derived from malignin,
absent carbohydrate or other proups, has established rigorously that this peptide
alone is an epitope, that is, provides u sulficient basis for this immunc response
(Figure 3). The 16-mer peplide produced both 1gM and IgG forms of the antibody.
Antimalignin antibody was found to be increased in concentration in serum in 37%
of 79 cases in the U8, 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
fifteen to twenty-five years after infection. Relevant to both infectious hepatitis and
HIV infections, transformed cells may be one form of safe haven for the virus:
prolonging cell Life and avoiding virus cviction, so that the virus renaing

inaccessible to anti-viral treatment.

[0185] Recause administration of Replikins stimulates the immune system
foproduce antibodics having a cylotoxic effect, peptide vaceines based on the
particular influenza virus Replikin or group of Replikins observed to be most
concentrated over a given time period provide protection against the particular strain
of influenza most tikely to cause an outbreak i a given influenza season., .., an
emerging strain or re-emerging strain For example, analysis of the influenza virus
hemagglutinin amine acid scquence on a yearly or bi-yearly basis, provides data
which are useful in formulaling a specifically targeted influenza vaccine for that
year. It is understood that such analysis may be conducted on a region-by-region
basis or al any desired time period, so that straing emergig in different areas
throughoul the world can be detected and specifically targeted vaccines for cach

region can be formulated.
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INFLUENZA

[0186] Currently, vaceine formulations are changed iwice yearly al
international WHQ and CDC meetings.  Vaccine formulations are based on
serological evidence of the most current preponderance of nfluenza virus strain in a
given region of the world. However, prior to the present invention there has been no
correlation of influenza virus shain specific amino acid sequence changes with

occurrence of influenza epidemics or pandemics.

10187] The chservalions of specific Repliking and their concentration n
influenza  virus proteins provides the first specific guantitative carly chemical
correlates of influenza pandemics and epidemics and provides for production and
timely administration of influenza vaccines tailored specifically lo treal the prevalent
gmerging or re-emerging strain of influenza virus . a particnlar region of the wosld.
By analyzing the protein sequences of isolales of straing of influenza virus, such as
the hemagglutinin protein sequence, for the presence, concentration and/or
conservation of Repliking, influenza virws pandemics and epidemics can be
predicted.  Furthermore, the severity of such outbreaks of influenza can be
significantly lessened by administering an influenza peptide vaccine based on the
Replikin sequences found to be most abundant or shown to be on the rise in virus

isolates over a given time pertod, such as about one to about threc years.

[0188] An mfluenza peptide vaccine of the inveniion may include a single
Replikin peptide sequence or may inelule a plurality of Replikin sequences
observed in influenza virus strains. Preferably, the peptide vaccing is based on
Replikin sequence(s) shown to be increasing in concentration over a given time
period and conserved for al least that period of time. However, a vaccine may
include a conserved Replikin peptide(s) in combination with a new Replikin(s)
peplide or may be based on new Replikin peptide sequences. The Replikin peptides

can be synthesized by any method, including chemical synthesis or recombinant
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gene technology, and may include non-Replikin sequences, although vaccines based
on peptides containing only Replikin sequences arc prefared. Preferably, vaceine
compositions of the mvention also conlain a pharmaceutically acceptable carrier

and/or adjuvant,

[0189] The influenza vaccines of the present invention can be administered
alone or in combination with antiviral drugs, such as gancyclovir, interferon,
interleuking M2 inhibitors, such as, amantadine, rimantadine; neuwraminidase
mhibitors, such as zanamivir and oscltamivir; and the like, as well as with

combinations of antiviral drugs.

REPLIKIN DECOYS IN MALARIA

[0190] Analysis of the primary structure of & Plasmodium fareiparum malaria
antigen located at the merozoite surface and/or within the parasitophorous vacuote
revealed that this organism, like influenza virus, also containsg numerous Rephkins
(Table 9.  [Ilowever, there are several differences between the observation of
Repliking in Plasmodinm faleiparom and influenza viras isolates.  For example,
Plasmodinm faleiparum containg several partial Replikins, referred o herein as
“Replikin decoys.” These decoy structures contain an abundance of lysine residues,
but lack the histidine required of Replikin structures.  Specifically, these docoys
contain many lysines 6 to 10 residucs apart in overlapping fashion, similar to the
true malaria recogning but without hustidine residues. 1t 18 believed that the decoy
structure maximizes the chances that an anti-malasial antibody or other agent will
bind to the relatively less important structure containing the lysines, Le., the
Replikin decoys, raiher than binding to histidine, which is present i Replikin
structure, such as Repliking in respiratory enzymes, which could result in destruction
of the trypanosome.  For example, an incoming antibody, with specificity for
Replikin structures, might attach to the Replikin decoy structure, leaving the true

Replikin structure remains untouched.
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[0191] Therefore, anti-Replikin treatment of malaria requires two phases (dual
treabment): 1) preliminary ireatment with proteolytic enzymes that cleave the
Replikin decoys, permitting “safe passage’ of the specific anti-Replikin treatment;
and 1) attacking malaria Repliking either with specific antibodies or by cellular
immunity engendered by synthetic malaria Replikin vaceines or by organic means

targeting the malaria Replikins.

REPETTTION AND OVERLAPPING OF REPLIKIN STRUCTURES

{0192] Another difference seen in Plasmodium faleiparum is a frequent
repetition of individual Replikin structares within a single protein, which was not
observed with influenza virus.  Repetition may occur by {(a) sharing of lysine
residues between Repliking, and (b) by repetition of a portion of a Replikin sequence

within another Replikin sequence.

[0193] A thivd significant difference belween Replikin structures observed in
influenza virus isolates and Plasmodiom falciparum s a marked overlapping of
Replikin structures throughout malarial proteins, ¢.g., there are nine overlapping
Replikins in the 39 amino acid scquence of SEQ 1D NO. 393 (Replikin
concentration = 23,1/100 mmino acids); and 15 overlapping Replikins in the 41
aminoe acids of SEQ 1D NO. 467 (Replikin concentration = 36.6/100 amino acids).
Both of these overlapping Replikin struchures occur in blood stage trophozoites and
schizonts. In contrast, influenza virus Repliking are more scattered throughout the
protein and the maximum Replikin concentration is about 7.5/100 amino acids
{(Figure 7Y, and tomato leaf curl gemini virus, which was also observed to bave

overlapping Replikins.
Replikins of tomato leaf curl gemini virus

{0194] Tomato leal curl Gemini virns has devastated tomato crops in China

and in many other parts of the world. Its repliking reach high counts because of

B0



overlapping replikins as illustrated below in a virus isolated in Japan where the

replikin count was 20.7

Replikin Anabysis

5 ]0195] Description: The first occurrence of tomato yellow leaf curl virus in
tomato (specific host Lycopersicon eseulentum Mill), in Japan
Isolated: 1998 Source:Tomato yvellow leaf curl virus-[Aichi]

Strain: Aicli

10 Protein sequence; amino acid positions 1 to 135
ml g2 p3sds5 p6s7t8sOhl0ell si2 qid v14s15il6 k17 v1& q19 h20 k21§22
a23 k24 K25 K26 p27i28 r29 r30 k31 32 v33 n34 135 d36 €37 g38 €39 540 y41
y42 K43 h44 145 nd6 47 n48 nd9 h50 ¢S51 152 153 h54 r55 g56 157 58 h39 ¢60 861
$62 803 104 e05 w66 r67 108 y69 170 ¢71 d72 K73 74 875 p70 177 £78 79 480

15 n81 r82 (83 R4 p85 e86 a87 i88 s89 nO0 01 p92 r93 194 h95 {96 h97 598 d9Y
k100101 q102 ptO3 q104 h105 106 ¢107 108 t109g110d111 5112 ql13 mll4
1156116 qI17 1118 pllonl20 1121 d122 d123 §124 €125 al26 5127 d128 wil9
sIZ0 6131 1132 k133 81341135

20 Amino-terminal repliking
h10el1 812 i3 v14 815116 K17 v18 19 h20 k21 122 a23 k24 (SEQ 1D NO. 757)

110 ell 512 ql3 v14 815010 k17 v18 19 h20 k21422 223 k24 k25 (SEQ 1 NO. 758)
25 W10l sl2 ql3 vidsiSilo 7 vi8 qloh20 k21 122 223 k24 k25 k26 (SEQ 11D NQ. 7549)

N10ell 812 q13 v1d 815116 K17 v18 ql9 h20 k2] 122 223 K24 K25 K20 p27 i28
r29 y30 k31 (SEQ ID NO, 760)
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K17 ¥v18 19 h20 k21422 a23 k24 k25 k206 p27 528 r29 r30 k31 x32 v33 n34 135
d36.¢37 g38 39 540 y41 y42 143 h44 145 ndG_cd7 nd8 ndo h50 (SEQ I NQ, 761)

Analysis of this sequence showed that amino acids 1-163 of this “replicating
protein” contain five Repliking, namely: (SEQ ID NO.: 13) kfvinaknyfltypk, (SEQ
05 NO.: 14) knletpynkifiricrefh, (SEQ 1D NO.: 15) hpmigaaksstdvk, (SEQ 1D NO.:
16) ksstdvkaymdkdgdvldh, and (SEQ ID NOQ.: 17) kasalmlrekapkdfvlgfh.gl9 h20
k21422 a23 %24 K25 k26 p27 128 r29 r30 K31 132 v33 n34 135 d36 ¢37 p38 ¢39
540 y41 y42 143 44 145 nd6_cd7 nd8 049 W50 g51 £52 153 k54 (SEQ ID NO. 762)

K17 v18 ql9 h20 k21 §22 223 K24 k25 k26 p27.128 r29 r30 131 r32 v33 034 135
d36.¢37 £38 €39 $40 y41 y42 143 hd4 145 nd6 ed7 ndd nd9 k50 g51 152 153 k54
55 g56 157 h58_(SEQ I NO, 763)

K17 vI8 q19 120 k21§22 823 k24 (8E0Q ID NOQ, 764)

K17 v18 19 h20 k21§22 223 K24 125 K26 p27128 r29 v30 k31 r32 v33 n34. 135
d30,€37_g38 39 sd0) y41 y42 143 hadd 145 nd0 ed7 nd8 n49 h50 g51 452 153 h54
P55 256 157 58 h39 (ST0Q) 112 NO. 765)

K17.v18 19 h20. k21 22,423 k24 k25 (SEQ I NO. 766)

K17 v18 ql9h20 k21 22 a23 k24 k25 k26 p27 128 ¥29 r30 k31 r32 v33 n34.135
d36_¢37 g38_ €39 840 v41 v42 143 hdd (SEQ 1D NO. 767)

k17.v18.q19 h20 K21 i22 223 k24 k25 k26 (SEQ 1D NO. 768)

D20 K21 122 223 124 k25 k26.p27.428 x29 x30 k31 (SEQ ID NO. 769)
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121422 a23 k24 K25 k26 p27 128 129 r30 k31 132 v33 n34 135 d36 ¢37 38 ¢39
540 y41 y42 143 h44 145 046 ¢47 n48 n49 h50 e51 £52 €53 h54 (SEQ 1D NQ. 770)

k21022 a23 k24 k25 k26 127 128029 r30 k31 r32 v33_134 135.d36_¢37 g38 ¢39
$40 y41 y42 143 hd4 145 n46 c47 n48 nd9 hS50 51 152 €53 W54 155 836 t57 hd8
(STQ IDNO. 771)

21422 223 124 k25 k26 p27 828 ¥29 v30. k31 r32 v33 n34 135 d30 ¢37 238 ¢39
540 y41 y42 143 k44 145 046 ed7 nd8 nd? h50 ¢51 £52 t53 h54r55 g56 57 h58
W59 (SEQ 1D NO. 772)

K21 22023 k24 K25 k26 p27i28 r29 130 k31 32 v33 n3d 135 d36 ¢37 38 ¢39
540, y4] y42 143 hd4 (SEQ 1D NO. 773)

K21022 223 124 K25 k26 p27 028 429 r30 k31 r32 v33 n34 135 (36_¢37_g38 e39
§40 va1 y42 143 a4 145 046 ed7 ndg nd h50 (SEQ 1D NO, 774)

K24 825 126 p27 128 129 r30 k31 r32 v33 n34 135 d36,¢37 g3l ¢39 340 y41 ydl
143 44 145 nd6 47 nd8 nd0 k50 o851 152 153 154 155 56 457 WSS (SEQ 1D NO.
775)

L24 125 k26 p27428 129 r30 k31 032 w33 n34 135 d36 ¢37 238 ¢39 840 y41 yd2
143 144 145 n46 ¢47 ndB 149 h50 51 £52 €53 h54 r55_ g56 t57 h58 h39 (SEQ D

NQ, 776)

124 125 126 p27 128 r29 r30 k31 y32 v33 034135 d36.¢37 38 ¢39 540 y41 y42
143 hdd (SEQ 1D NO, 777)

k24 k25 k26 p27 328 x29 y30 k31 r32 v33 n34 135 d36 ¢37 38 039 840 y41 y42
143 _h44 145 n46_e47 n48 549 h50) (SEQ 1D NO. 778)
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K24 [25 k26 p27.128 r29 r30 k31 ¥32.v33 134 135 d36.c37 838,639 840 y41 y42
143 144 145 146 ¢47 048 n49 hS0 051 £52, 653 054 (SEQ 1D NO, 779)

K25 K26 p27 128 29 r30 K31r32.v33 n34 135 d36.¢37 238 ¢39 840 y41 y42 343
hd4 145 nd6 ¢47 n48 n49 h50 (SEQ 1D NO. 780)

K25 k26, p27 428029 ¥30 K31 132 v33 034 135 d36_¢37 g38_¢30 840 y41 v42 143
h44 145 n46 c47 n48 nd% h50 g51 152 €53 hS4 (SEQ ID NO. 781)

K25 k26 p27 i28 r29 ¥30 K31 132 v33 134 135 436 ¢37 238 39 540, y41_y42 143
h44 145 046 ed7 nd8 049 h50 51 £52 153 h54 55 956 t57 h38 (SEQ ID NO. 782)

k25 k26 p27.i28 ¥29 ¥30 k31 132 v33 034 135 d36_¢37 g38 39 540 y41 ,_}MLQ__MB
hd4 145 n46 ¢47 n48 n49 h30 g51 £52 133 1154 35 g56 t57 W38 h39 (SEQ ID NO.
783)

K25 k26 p27 128 r29 r30 k31 r32 v33 n34 135 d36_¢37 @38 ¢39 540 y41 y42 143
hd4 (SEQ 1D NO. 784)

Mid-molecule: Zero replikins.

Carboxy-terminal: Zero vepliking,
Replikin Count = Namber of Repliking per 100 amino acids = 28/135 = 20,7

Tiven higher replikin counts are seen to be achieved by overlapping repliking

1 malaria.
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[0196] The mechanism of lysine multiples is also seen in the Repliking of
cancer proteins such ag in gastric cancer transforming protein, kildignrvsptmlovth
(SEQID NO. 88), and in travsfonming protein P21B (IK-RAS 2B) of lung,
khlkekmskdgkldddees (SEQ TD 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 FIV infection) has
a Replikin concentration of 1.1 (/- 1.6) Replikins per 100 amino acids, whereas the
rapidly-growing high titer strain of HIV (51, "Lai", which 1s prevalent in late stage
HIV mifection) has a Replikin concentration of 6.8 (+/+ 2.7) Repliking per 100 amino

acid residucs,

{0195] The high concentration of overlapping Replikins 1 malaria, mfluenza
virus and cancer cells is congistent with the legendary high and rapid replicating
ability of malaria organisms.  The multitude of overlapping Repliking in malaria
also provides an opportunity for the organism to flood and conluse the mmmwne
system of s host and thercby maximize the chance that the wrong antibody will be

made and perpetuated, leaving key malarna antigens unharmed.

[0199) As . the case of influenza virus, for example, peptide vaceines hased
on the Replikin structure(s) found in the malaria organism ¢an provide an effective
means of prevenling and/or treating malaria.  Vaccination against malana can be
achieved by adnunistering a composition containing one or a mixture of Replikin
structures observed in Plasmodivm faleiparum. Furthermore, antibodies to malaria
Repliking can be generated and administered for passive immunity or malaria

detection.
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Replikins in Malaria

{0200] Malaria is a discase which accounts for more than 200 million cases
annually world-wide and over 2 million deaths annually, and for which there is as
yet no effective vaceine. Repliking have been found to be prominent in Plasmodium

falciparum, the most common strain of tfrypanosome responsible for malaria,

High Replikin Count

(0201} In accord with the legendary high replication rate of lrypancsomes, the
highest replikin count yet observed in any specics has been found in trypanosomes.
In the trypanosome plasmodium falciparom, we found that for the ATPase protein
recently determined to be the target of the effective anti-malarial artemisining, in the
1999 3D7 malaria pandemic year, the mean replikin count in the A'l'Pase for all
1golates was 57.6, and in one 1solate the replikin count reached a record of 111.8 by

repeating and overlaping replikins.

Repition and overlapping of replikin structures

[6202] One characteristic seen i Plasmodium (faleparum repliking which
accounts for the high replikin count commpared with wiluenza repliling, is a frequent
repetition of individual replikin structures within a single protein, a feature which
was not observed in influenza virus. Repetibion may occur a) simply by repeating
the entire replikin, (b) by sharing of lysine residues between replikins, and (¢) by
repetition of a porton of a replhikm seqguence combined with or within another

replikin sequence.

[0203] In addition to repeats of replikin structures, another significant
difference hetween replikin struetures observed in influenza virus proteins and those
in Plasmodivm falciparum proteins is & marked overlap of repliking throughout
malarial proteins. For example, overlapping replikin structures occur in blood stage

trophozoites and schizonts as seen in the following:
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1} in the 39 amino acid sequence of SEQ ID NO. 393, in addition to the four
exact repeats of ‘ksdhnhk’, there are fourteen overlapping repliking (replikin
concentration or Replikin Count = 18§/39 = 46.2/100 amino acids):

ksdhnhksdhnhksdhnbksdhnhlsdpnhkkkannmk(SEQIDNQO.393)
ksdhnhksdhnhksdhobksdpohlkkknnnnnl (SEQ [D NO. 394)
ksdhnhlesdhnhksdpnhiddinnmnnl (SEQ 1D NO. 395)
ksdhnhlksdpnbkkknonnok (SEQ TD NO, 396)
kiknnnonkdnksdpnbk (SEQ 12 NO. 397)
kknnunnkdnksdpnhlk (SEQ D NQ. 398)
kimnnnkdnksdpnhblk (SEQ 1D NO. 399)

kdnksdpnhk (SEQ 1D NO, 400)

esdpnhle (SEQ 112 NO. 401)

ksdhphk (SEQ 1D NO. 743)

kadpnhkk (SEQ 1D NO. 744)

ksdpnhklk (SEQ 11D NGO, 745)

ksdpnhklk (85EQ I NO. 746)

hidklkennnnnk (SEQ 11 NO, 747)

and 2) 15 overlapping Repliking oceur in the 41 amino acids of SEQ ID NO. 467
(Replikin concentration or replikin counts== 36.6/100 wmnino acids).
kdkekldedsnenrkklegkedikknpndnkildeieyvinkith (SEQ 1D NO. 4673
kdkelddedsnenrkklgkedklnpndnkikkieyinkith (SEQ ID NO. 468)
keklkkdsnenrkikaledkknpndnkikkieytnkith (SEQ ID NO. 469)
kklkdsnenrkldegkedkknpndnltickieytnlkith (SEQ 1D NO. 470)
ildsnenrkldkgledkknpndnkiikicytnkith (SEQ ID NQ. 471)
kdsnenrkkkgkedkknprdnklkkieytokith (SEQ ID NOQ. 472)
kkkgkedklknpadnklkkicytnlkith (SEQ 1D NO, 473)
klegleedklnpadnklkkieyinkith (SEQ 1D NO. 474)
kqkedklnpndnklkldeyinkith (SEQ 1D NQO. 475)
kedikknpndnklkkieytnkith (8EQ 1D NQ, 476)
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klmpndnklkkieyinkith (SEQ ID NQ. 477)
knpndnklkkieytnkith (SEQ 1D NO. 478)
klkkieyinkith (SEQ 13 NO. 479)
kkievinkith (SEQ 1D NQ. 480)
kieyinkith (SEQ 1D NQ. 481)

10204) Roth of these overlapping replikin stractures occur in blood stage
trophozoites and schizonts, In contrast, influenza virns repliking are more scattered
throughout the protein and the maximum replikin count (except in 1917-18) 1s about
7.5 (Figure 7). As described earlier, tomato leaf curl gemini virus was also observed

to bave overlapping repliking raiging the replikin count as higl ag 20.7.

Table 9

' ikin repeats, overlap, : onservation i e ecule, AT Pas
Replikin repeats, overlap, and conservation in one molecule, ATPase

[0205] Overlapping repliking, rephkim repeats, and intramolecular
conservation of replikin structure, were all found m the single molecole of
Plasmodium Falciparum 3127 Al Pase, from amino acid positions 399 through 927,
As shown below, identical motifs of each replikin are conserved by the mvariant
initial *k" and terminal *hk” (shaded arcas), whereas adjacent amino acids ‘g/sin’
“‘dig/e’ ‘s/e/m/k and “s/m’ are variable (clear). The last lysine for each replikin is also

the first lvsine for the next replikin, eg. k411, k417,
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Lysine Multiples

[0206] The phenomenon  of lysine multiples in replikins, ‘kk’, ‘kkk’, ctc.,
produecing a high pereent lysine, scen in the examples above in malarta, may be
related to increased virulence and increased mortality, since it is also seen in the
repliking of high mortality cancer proteins, such as i gastric cancer transforming
protein, ‘ktkkgnrvsptmkvth® (SEQ 1D NO. 88), and in transforming protein P215
(K-RAS 2B} of lung ‘khkekmskdpkkkkklks' (SEQ 113 NO. 89), and in high
mortality S ARS s in human SARS nucleocapsid protein
‘ichidayktpplephkdklkikl’,  but 1s  less commeonly seen in Jower mortality
mfluenya. strains ag in 1918 AN hwman influenza

‘kkgssypklsksyvnnligkevlviwgvhh® (Table 7a).

{0267) The high concentration of overlapping Repliking in malaria, influenza
virus and cancer cells ig consistent with the legendary high and rapid replicaling
ability of malaria organisms. The multitude of overlapping Repliking in malaria also
provides an opportunity for the organism to flood and confuse the immune system of
its host and thereby maximize the chance that the wrong antibody will be made and

perpetnated, Jeaving key malaria antigens unharmed.

10208) As in the case of mfluenza virus, for example, peptide vaccines based
on the Replikin structure(s) found in the malaria organism can provide an effective
meang of preventing and/or treating malaria.  Vaccination against malaria can be
achieved by administering a composition containing one or a mixime of Replikin
structures observed in Plasmodium faleiparum.  Furthermore, antibodies to malaria

20
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Repliking can be generated and administered for passive immunity or malaria

detection.

Replikin Decoys:

[6209] In another difference from influenza virus replikins, Plasmodium
falciparam contains several repeating partial replikins, referred to herein as “replikin
decoys.” These decoys contain many lysines 6 to 10 residues apart in overlapping
fashion, similar to the true malaria repliking but without histidine residues, It is
belicved that these decoy structure maximize the chances that an anti-malarial
antibody or other agent will bind to the relatively less important structure containing
the lysines, e, the replikin decoys, rather than the biading including histidine,
which is present in replikin structure, such as replikins in respiratory enzymes,
which could result in destruction of the trypanosome. For cxample, an incoming
antibody, with specificity for replikin structures, might attach to the replikin decoy

structure, leaving the true replikin structure untouvched.

{0210} Thercfore, anti-replikin treatment of malaria would require two phases
(dual treatment): i) preliminary eatment with proteolytic cnzymes that cleave
theReplikin decoys, permitting ‘safe passage’ of the speeific anti-Replikin treatment:
and 1) attacking malaria Repliking either with specific antibodies or by cellular
mmunity engendered by synthetic malaria Replikin vaccines or by organic means

largeting the malaria Replikins.
[0211] Table 10 provides a list of several Plasmodium falciparum Replikin

sequences., It should be noted that this Jist is not meant o be complete. Difforent

isolates of the organism may conlain other Replikin structures.
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Table 10

Malaria Replikins

a) Primary structure of a Plasmodium faleiparum malaria antigen ocated

at the merozuite surface and within the parasitophorous vacnole

5
iy DECOYS:
{C-Terminal)
keeeckekekekekeekekeekekeckekekeckekekeekeeekk (SEQ 1D NO. 293), or
keeeekekekekekeekekeckekeekekekeekekekeckecekkek (85O ID NO. 294), or
10 keccelekekekekeckekeckekekeckekeekekeskeskeeakk (SEQ 1D NO. 293), or

keaeakekek (SEQ 1D NO. 296)

it) Repliking:
hiklelikalkkniesignkle (SEQ I NO. 297)
15 hidklikalkkniesiqnkm (SEQ 1D NO. 298)
hkklikalkk (SEQ ID NO. 290
hklchkalk (SEQ 1D NO. 300)
katysfvntkkkislksqehkl (SEQ ID NO. 301)
katysfuntkkIaislksqghk (SEQ 1D NO. 302)
20 Jkatysfvntkkliistsqeh (SEQ 1D NO. 303)
htyvkgkkapsdpgea dikeeckellkek (SEQ 113 NO. 304)
kiisfksqghk (SEQ 1D NO. 305)
kkkkfepllmgavsetiklih (SEQ 1D NO, 306)
klkkfeplkngnvsetiklih (SEQ 1D NO. 307)
25 Klefeplkngnvsetiklih (SEQ ID NO. 308)
kngnvsetiklih (SEQ 1D NO. 309)
klihtgnkdkk (SEQ 1D NO. 310)
levkkigvtlkldfeplinmgnvsetiklihlgnkdkkh (SEQ 1D NO. 311)
hliykoksynpllisevikkmuomlkenvdyigngnlfkelmngkatysfvniklkiislk (SEQ 1D NO.
30 312)
hliylcnksynplliscvkkmnmlkc»:nvdyi.q11q111ﬂce1n-mqlcatysfvmk (SEQIDNQ. 313)
hliyknksynplllsevidannmlkenvdyigngnlikelmngl (SEQ ID NOQ. 314)
hliyknksynplllsevikkmmmlkenvdyigkngntlk (SEQ 1D NO. 315)
92
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Blivinksynplitsevikkmnmlk (SKEQ 1D NO. 316)
ksarmganngklnnacemknlvnflgshkklikatklniesiqukld (SEQ D NQ. 317)
kknnacemknlvnflgshkkiikalkkniesignklh (SEQ 11D NO. 318)
Ienlvnflgshkklikalkkniesignkkh (SEQ D NQ. 319)
kllilealkkniesignlklkh (SEQ 1D NO. 320)
klikalkkndesignkkh (SEQ 1D NO. 321)
Kkniesignkkh (SEQ ID NO. 322)

kniesignkkh (SEQ 1D NO. 323)

knnaeemknlvnflgsh (SEQ 1D NO. 324)
kklikalkkniesignlkkgghklk (SEQ ID NO, 325)
kknnaeemknlbviflgshk (SEQ 1D NQ. 326)
knaeemknlynflgsh (SEQ 1D NO. 327)
Klikalkkniesignkkgghkk (SEQ 1D NO. 328)
kvidsigvilkk feplknpnvsetiklih (SEQ 1D NO, 329)
kagnvsetikiih (SEQ T2 NO. 330)

Klihignkdkk (SEQ T NO. 331)
ksannsannglkknnacemkalvoflgsh (SEQ T NQ. 332)
klknnasemknlvnfigsh (SEQ ID NO. 333)
klklikalkkniesignkich (SEQ I3 NO. 334)
kalklmiesignkkh (SEQ I NO. 335)

klkniesignkkh (SEQ ID NO. 336)
kelmnghkatysfntkklknstksgeh (SEQ D NOQ. 337)
ksqghklk (SEQ ID NO. 338)

KkkiisTksqeh (SEQ 1D NO. 339)

klcislksquh (SEQ ID NO. 340)

Ikniesignkid (SEQ ID NO. 341)

kniesignklkh (SEQ 1D NO. 342)
htyvkekkapsdpgeadikeeckellleel (SEQ 1D NO, 343)
htyvkgkkapsdpgeadikeeckellk (SEQ 112 NO. 344 )

b) "liver stage antigen-3" gene="LSA-3" Replikins
henvisaalentgsecekkevidvieevk (SEQ ID NO. 345)
kenvvitilekveettaosvitfsnilecigentitndtieekleelh (SEQ 1D NQ. 346)
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hylggmkelfakelk (SEQ 1D NO. 347)
hylggmkekfskeknmmvievinkaekkgnvgvinktekitk (SEQ 1D NO. 348)
hylggnikekfskekmnvievinkackkgnvagvtnktekitvdinnk (SEQ 1D NO. 349)
hylqqmkekfskeknnavievinkaclkgnvavinktekttkvdknnkvpklkrrtgk (S8EQ 1D NO. 350)
hylggmkekfskelknnnvievinkaekkgnvavinktekttkvdknnkvpldorrtqksk (SEQ 1D NO. 351)
byvdevmkyvakidkevdkevskaleskndvinvikgnodffskvinfvikyk (SEQ ID NO. 352)
hvdevimkyvakidkevdkevskaleskndvinvikqngdifskvinivkic (SEQ D NO. 353)
hvdevmkyvakidkevdkevskaleskndvinvlkgngd sk (SEQ 1D NO. 354)
hvdevimkyvakidkevdkevskaleskndvinvlk (SEQ ID NO. 355)
hvdevmkyvkidkevdkevskalesk (SEQ 2 NO, 356)
hvdevmkyvokidkevdkevsk (S12Q IDNO. 357)
hvdevmkyvglkidlevdk (SEQ T2 NO. 358)
hyvdevmkyvgkidk (SEQ (D NO. 359}
kdevidlivgkekriekviakkkldekkveegvsglkkh (SEQ 1D NO., 360)
kvkakikklekloveegvsglkkh (S1EQ 112 NOQ. 361)
kakldkleklveegvaellch (SEQ 12 NQ. 362)
kKklidekkveepvagiklh (SEQ 11D NO. 363)
kkklekkveegvsglkkh (SEQ 1D NO. 364)
kklckkveegvsglllh (SEQ 1D NO, 3065)
klekkveegysglldih (SEQ H NO. 366)
kKkveegvspikkh (SEQ 1D NO. 367)
kveepvsgllikh (SEQ 1D NO.368)
hvegnvyvdvdyvpamlkdgflgilneagglkemffiledviksesdvitveatkdepvgl (SEQ 1) NO. 369)
hikgleeddicevddligsildmlkgdmelgdmdkesledvitigervestk (SEQ H) NO. 370)
hikgleeddleevddilgsildmlkgdmelgdmdkesledvitk (SEQ 1D NO. 371)
hikgleeddleevddilcgsildmikgdmelgdmdk (SEQ 1D NO. 372)
hikgleeddleevddlkgsildmlk (SEQ 11D NO, 373)
hiisgdadvissalgmdeeqmkitkkaqrpk (SEQ 1D NQ. 374)
hditttldevyelkdveedkick (SEQ 1D NO. 375)
klkleevhelk (SEQ 1D NO. 376)
Kleevhelk (SEQ 1D NO. 377)
ktietdileekkkeiekdh (SEQ D NO. 378)
klkeiekdhfek (SEQ ID NO. 379)
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kdhfek (SEQ D NO. 380)
kfeseaeeikh (SEQ 1D NO. 381)

¢} 28 KDA ookinete surface antigen precursor Replikins:

5 kdedtketlecaggkkeilhksdhnhksdhnhksdpnhkklknmnnnk (SEQ 1D NO. 382)
kdgdtketlecagekkeikhlksdhnhiksdhnhlksdpnbkk (SEQ ID NO. 383)
kdpdiketiecaqglkeilchksdhnhksdhnhksdpnhk (SEQ ID NO, 354)
kdgdiketlecaqgkkeikhksdhnhksdhnhlk (SEQ ID NO. 383)
kdgdtketlecaqgkleikhksdhnhk (SEQ 1D NO. 356)

10 kdgdtkellecaqgkkeikhle (SBEQ 112 NO. 387)
kdgdiketlecaggkl (SEQ ID NQ. 388)
kdgdtketlecagglk (SEQ 1D NO. 389)
keigacenykecgegkevwdgih (SEQ 1D NO. 390)
keegeqkevwdgih (SEQ TD NO. 391)

15 hieckenmdyvlinryeccpknketsledink (SEQ 1D NO. 392)

d) Blood stage trophozoites and schizonts Replikins:
ksdhnhlsdhnhksdhuhksdhnhksdpnhlkknonank (SEQ 10 NO. 393)
ksdhrhksdhnhksdhnhksdpnhlkknnonnk (SEQ 10 NO. 394)

20 ksdhmhksdhnhksdpuhiddenmnonle (SEQ 11D NO. 393)
ksdhnhlesdpnhkklonnnnmic (5130 11 NO. 3906)
klknmnnnkdnksdpnhlk (SBEQ 1D NO. 397)
Iknnnnnkdnksdpohk (SEQ 11D NO, 398)
lenmmmnkdnlksdpnhl (SEQ 113 NO. 399)

25 kduksdpnhlk (SEQ 11 NO. 400)
ksdpnblk (SEQ 1D NO. 401)
hslyalgguesygkviuckdqneilkikgheknk (SEQ 1D NO., 402)
hslyalggneeygkvknekdgneikkik (SEQ ID NO. 403)
hslyalggneeygkvinekdgnetkk (SEQ 1D NQ. 404)

30 hslyalqgneeygkvknekdqneik (SEQ ID NO. 405)
hidenleemndls (SEQ ID NO. 406)
khfddmnegk (SEQ ID NO. 407)
kkeddekh (SEQ 1D NO. 408)
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keennkkeddelkh (SEQ 1D NO. 409)
ktsspilnkecnmkkeddekh (SEQ ID NO. 410)
knihikk (SEQ ID NO. 411)
hikkkemdigyk (SEQ 11D NQ. 412)
Ikmwicklwdnkgneitlknih (SEQ ID NO. 413 )
kkgigwnllkkmwteklwdnkgneitknih (SEQ 1D NO. 414 )
kekldsnenrkkkgkedkknpnkikkieytnkithfikaknnkggnnyth (SEQ 1D NO. 415)
kkdsnenrkkkqkedidknpnlklkkieytnkithffkaknnlkggnnvth (SEQ ID NO. 416)
]cdsnﬂnrldd{c;.kedk:knpukzlk.k_ieytﬁk.ith fikaknnkqqunvth (SEQ 1D NO. 417)
Ikqkedikknpnkikkieytnkithilkaknnkggmavth (SEQ 1D NO. 418)
kgkedkknpukikkieytnkithfkaknnkqgnuvth (SEQ TD NO. 419)
kedkknpnkikkieytnkithfflkaknnkggnavih (SEQ 1D NO. 420)
knpnkikkieytakithfkakankggnnvth (SHQ 1D NO. 421)
Kkieytnkith{flaknnkqganvih (SEQ 1D NO. 422)
kieyinkithfflaknnlkggnnyth (SEQ ID NO. 423)
kithffkalkankganneth (SEQ 112 NO. 424}
hknnedikndnskdikndnskdikndnskdikndmodikndnskdik (SEQ TD NO. 425 )
hknnedikndnskdilndnskdiknduskdikndmedikndnsk (SEQ 1D NO. 426)
hknnedikndnskdikndnsikdikndnskdikndonedik (SEQ 1D NO. 417)
hknnedikndnskdikndnskdikndnskdile (SEQ 11D NO. 428)
hknnedikndnskdikndnskdikndnsk (SEQ 1D NO. 429)
hlcnnedikndnskdikndnslkdil (SEQ 11D NO. 430)
hlenmedikndnskdikndnsk (SEQ T NO. 431)
himnedikndnskdik (SEQ 1D NO. 432)
hknnedik (SEQ ID NO. 433)
kkyddlgnkynilnklknsieckneelkkyh (SEQ ITY NO. 434)
kyddignleynilnkliknsleeknectkkyh (8EQ 113 NO. 435)
ynilnklknsleekneelldkyvh (SEQ 1D NO. 430)
kiknsteekneelkkyh (SEQ 1D NO. 437)
knsleekneelllkyh (SEQ 1D NO, 438)
kneelldkyh (SEQ ID NO. 439)
hmgnngdinenvynikpgefkeeecedismyntkl (SEQ 1D NO. 440)
knsnelkrindnfikih (SEQ 1D NO. 441)
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kpclykkekisqelyldeckisqvwwempvkdifatyernuvinskiennickiph (8EQ 1D NO, 442)
hinneytnknplnellykneernyndnnikdyinsmnikk (SEQ ID NO. 443)
hinneytmknpknellykneernyndnnikdyinsmnfl (SEQ 11D NO. 444)
hinneytnknpknellyk (SEQ 112 NO. 445)

5 knkingskgvkgeyckkkeingh (SEQ ID NO. 446)
kingskgvlgeyekkletngh (SEQ ID NO. 447)
kgvkgeyekkkeingh (SEQ 1D NO. 448)
kgeyekldketngh (SEQ 1D NO. 449)
kagmyinegnkscecsykkkssssnkvh (SEQ 1D NO. 450)

10 kscecsykkhssssnkvh (SEQ 1D NO. 451)
kikssssnkvh (SEQ LD NO, 452)
kleasssnlevh (SEHQ 1D NO, 453)
ksgsankvh (SEQ ID NQ. 454)
himlksgmyinegnkscecsykkksssank (SEQ 1D NO. 455)

15 himlksgmytnegnksceesylkdds (S12Q 11D NO. 450)
himlksgmytnegnksceesykle (SEQ 1) NO, 457)
himlksgmylnegnkscecsylk (SEQ 1D NO. 458)
kplakhrkrektginktkyergdviidnteiqkiiirdyhetinvlikldh (SEQ D NO. 459)
krektginktkyergdvildnteigkiiirdyhetinvhikldh (SEQ 1D NO. 460)

20 ktginktkyergdviidnteigkiiirdyhetinvhlddh (SEG 1 NO. 461)
kplakirkrektginktkyergdvitdnteigkiiirdyhetinvl (8EQ 1D NO. 462)
eplakhrektginkkyergdviidmeigkilisdyh (SEQ ID NO. 463)
khkrektqinktkyergdviidnteiqkiiirdyh (SEQ TD NO. 464)
krekiginktkyergdvidnteigkiiivdyh (SEQ ID NO. 465)

25 ktginktkverpdviidnteigliiirdyh (SEQ 113 NG, 460)
Kldkeklkkdsnenrkkkgkedkknpndakidaeytnkith (SEQ 1D NO. 467)
kdkeldkdsnenkkkqkedkknpndnklkkicytnkith (SEQ 11 NO. 468)
leekkkdsnenklkgkedkknpndnkikkieytnkith (SEQ 1D NO. 469}
ikkdsnenkkkgkedkknpndakikkieytnkith (SEQ ID NO. 470)

30 kldsnentkkkqledkinpndnklkkieytnkith (SEQ ID NO. 471)
kdsnenrkkkgkedkknpndnkikkieytnkith (SEQ ID NQ. 472)
kkkgkedkknpndnklddeytnkith (SEQ 1 NO. 473)
kalkedidanpndnkikkieytukith (SEQ 1D NO. 474)
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kgkedkknpndnklkkieyinkith (SEQ 11D NO. 475)
kedicknpndnklkkieytnkith (SEQ ID NO. 476)
kknpndnklkkieytnkith (SEQ 11D NQ. 477)
kenpndnkilddeytnkith (SEQ I NO. 478)
§ ledkkkicytnleith (SIECQ 1 NO. 479) |
klkieyinkith (SEQ 11D NO. 480)
kieytnkith (SEQ 1D NQ. 481)
higaaki édvmmnfnn@qlnlmlcy].]decl{mdiskskslksdﬂelc. (SEQ ID NO. 482)
hggikicdvinenfimegmknkyndeckmdiskskalk (SEQ ID NO, 483)

10 hegikiedvimenfhnegmbknkyndeekmdisksk (SEQ 1D NO. 484)
heqikiedvanenfnegmknkyndeekmdisk (SEQ 1D NQO. 485)
kleyddlgnkynilnklknsleekneelkkyh (SEQ 11D NO. 486)
kyddlgnkynilnklknsleekneelkloyh (SEQ 112 NQ. 487)
kynilnklknsleckneelkkyh (SEQ 11D NO, 488)

15 llkusleekneelikkyh (SEQ 11 NO. 489)
knsleekneelldeyh (SEQ 1D NO. 490)
kneellkioyh (SEQ 1D NO, 491)
hmgnngdineny ynikpgefkeeecedismyntkkeddigenilc (S12Q 1) NO, 492)
kinlyniynnknddkdnildnenrcglyledvmbinsnetkrindndkih (SEQ TD NO. 493)

20 knanclkrindnffklh (SEQ 1D NQ., 494)
krindnfflklh (SEQ 1D NO, 495)
hinneytnknpkncllykneernyndnnikdyinsmnfkk (SEQ 1D NO. 496)
hinneyinknpknclyknesmyndnnikdyinsmnfl (SEQ 1D NO. 497)
minneyinknpkncllyk (8EQ 1D NO. 498)

25 kpelykkekisgvwwempvkdtfatyernnvinskienniekiph (SEQ ID NGO, 499)
kekisgvwwompvkdifotyermuvinskienniekiph (SEQ ID NO. 500)
kienniekiph (SEQ D NOQ. 501)

Jnletngskgvkgeyekkketngh (SEQ 1D NO. 502)
kingskgvlkgeyekklkemgh (SFHQ 1D NO. 503)

30 kevligeyekidietngh (SEQ 1D NO. 504)
kgeyekkiketngh (SEQ ID NO. 505)
ktiekinkskswiTceldeidkplaklkrektginkikyergdviidnteigkiirdyl (SEQ 1D NO. 506)
kinkskswifecldeidkplakirkrektginkikyergdviidnteiqkiirdyh (SEQ 112 NO. 507)
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kplakirkrektqinktkyergdviidnteigkiirdyh (SEQ TD NOQ. 508)
himlksqmytnegnkscecsylkkssssnkvh (SEQ ID NO. 509)
Klrkrektginktkyergdviidnteighiirdyh (SEQ 1D NO. 510)
krektginktkyergdviidnteigiairdyh (SEQ 12 NO. 511)
kiginktkyergdviidnieigkiirdyh (8EQ ID NO. 512)
kplakhkreltginkticyergdviidnteigkiindyhilvhkldh (SEQ ID NO. 513}
kirkrekiqinktkyergdviidnteighiirdyhtinvhkldh (SEQ ID NO. 514)
krektginktk yergdviidnteighkiirdyhtinvhkldh(SEQ 1> NO. 515)
ktginktkyergdviidnteiglairdyhtinvhlddh (SEQ ID NO. 516)
kplakirkrektginkteyergdviidnteigkiirdyhtinvh (SEQ ID NQ. 517)
kirkrektqinktkyergdviidnteigkiirdyhtlnvh (SEQ ID NO. 518)
krektginktlyergdvitdnteigkiirdyhtinvi (SEQ ID NO. 519)
klqinktkyergdviidnteigkiirdyhtinvh (SEQ 1D NO, 520)
himlksgmytnegnkscecsykklkssssnkvh (SEQ 1D NQ. 521)
ksqmytnegnksceceyklkkesssukvh (SEQ 11D NO. 522)
kscecsykkksssanlvh (SEQ ID NQ. 523)

Kkksssenkvh (SEQ D NO. 524)

klksssankvh (SEQ 112 NO. 525)

lessssnlovh (SEQ ID NO. 526)
himlksamytnepnkscecsykklkssssnk (SEQ 1D NO. 527)
himlkscumytnegpkacecsykkl (SEQ 1D NO. 528)
himlksgmytnegnksceosykk (SEQ D NO. 529)
himlksqmytegnlscecsyle (SEQ 1D NO. 5330)
lnnhnigivkdkrinfmphkvmyhdmmskuertek (SEQ 10D NO. 531)
hrnhwigiykdirinfimnphkvmyhdnmsk (SEQ 1D NO. 532)
hnnhniqiykdkrinfmnphk (SEQ 1D NO., 533)
hbsvimyhdnmsknertek (8EQ D NQ, 534)

hlsvmyhdnmsk (SEQ ID NO. 535)

REPLIKINS IN STRUCTURAL PROTEINS
[0212] Tt has also been determined that some structural proteins inclile

Replikin structures. Structural proteins are molecules involved m lissue and organ
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support, such as collagen in skin and connective tissue and o membrane structures,
for example amyloid Ad precursor protein (APP) in brain. Overproduction of these
proteins i associated with disease; specifically, scleroderma in the case of
overproduction of collagen in skin {Table 11) and Alzheimer’s Discase in the case of

overpraduction of APP in the brain {Table 12).

[0213] The association of scleroderma and smalignancy has been a source of
controversy during recent years. Scveral mechanisms of interrelationship have been
suggested in carlier reports, Recent long-term studies suggest an increased
association-ratio of scleroderma and malignancy.  However, the underlying
mechanisims remain clusive. (Wenzel, T. Bur. J. Dermatol. 20002 May-Jun; 12(3):

296-300).

|0214) Several proteins concerned with the excessive praduction of proteins n
scleroderma have been found to contain Replikin structures. Thus, these provide
further examples of unrecognized targels for inhibition or cessalion of excessive
collagen production. Table 11 provides a list of proteins in scleroderma and the

associated Replikins,

[0215] The APP protein is the source of the amyloid beta A4 protein, which. in
excossive amounts forms plagues in the extracellular spaces in the brain, produciig
toxic effects associated with nerve cell loss in Alzheimer’s Disease. Most studies to
date lave focused on the inability Lo clear the excessive deposits of A4, but have not
considered that, rather than a waste clearance problem, this may actually be a
problem of overproduction of the precursor protein APP. ‘The high concentration of
the Repliking in APP (3.3 Repliking per 100 amino acids) sirongly suggest that
overproduction may well be the cause of Alzbeimer’s Disease (lable 12).
Therefore, the Replikins contained in Table 12 can be blocked or inhibited by the

same methods as illustrated in detail for the ghoma Replikin.
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Table 11

Profeins overproduced in scleroderma and associnted Replikins:

PMC1 HUMAN:
hreictigssgeimlikdgvireskiagvivaeitelilk (SEQ 11D NO.536)
hreictigesggimilikdqvlresk (SEQ 1D NQ.537)

J4KD nucleolar scleroderma antigen:
hreictigssggimllkdqvlreskiagvkvaeiteliklkalendgk (SHQ 1D NO.538)
hrelctigssgpimllkdgvireskiagyvkvaeitelill (SEQ 1D NO.539)
Fibrillaria: |
Ikmgagenmkgpeqitiepyerdh (SEQ 1T NQL540)
kmqqemnkpgeqitiepyerdh (SEQ 1D NO, 541)

SPOP HUMAN:
hemeeskknrveindvepevikemmefiytglkapntdk (SEQ 1 NO.542)
hemeeskkarveindvepevikemmefiytek (SEQ ID NO.543)
Centromere protein C;

khgellvyk (SEQ 1D N(O.544 )

klilgpgeckgkah (SEQ 1D NO, 545)

harihhlk (SEQ 1D NO. 546)

hhnserkstlkingssk (SEQ 1D NO. 547)

hossrlestkltngssk (SEQ 1D NO. 548)
khhnilplktlandkhshkph (SEQ ID NO.549)
Bhnilpkttandichshle (SEQ 1) NO. 350)

hinilpkilandkhshk (SEQ D NO. 551)

hnilpktlandl (SEQ 1D NO. 552)

kntpdskiissrnindhh (SEQ 113 NO.553)

kntpdskkissmindh (SEQ 11D NQ. 554}
kdicigspskecqkshpksvpyssklk (SEQ 1D NO. 5535)
kdtoigspskecqglshpksvpvsskle (SEQ D NG, 556)
hpksvpvaskide (SEQ ID NO. 557)

hpksvpvsskle (SEQ 1D NO. 5358)

hpksvpvssk (SEQ ID NO. 559)
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Factoy CTCBY, KU antigen:
kalgekveikglnh (SEQ ID NO. 560)
ktlfplicakkdqviageifgdnhedgptalddktegggah (SEQ 1D NO. 561}
ktlfplieakkkdegvtageifgdnb (SEQ ID NO. 562)
5 klevikkierhsth (SEQ 1D NO. 363)
Kleviklderh (SEQ ID NO. 564)
kgpsiplkgitequkegleivk (SEQ ID NO. 505}
hepsfpllgiteqqk (SEQ ID NO. 566)
ATP synthase subunit 6:

10 htllkciletflfle (SEQ Y NO. 567)

hllgnndienllpsle (SEQ ID NQ. 508)
FBRI. nuclear protein:
hrhegviicrghedalvik (SEQ 1D NO, 509)

hegviiergkedalvtle (SEQ H) NOQ, 570)

15 hsgpenrergrapkreghgsgk (SEQ 1D NO. 571)
krgngsgknvmveph (SEQ ID NO. 572)
krgngsglonvmvephrh (SEQ 1D NO. 573)
Kkmqaenmkpaegitlepyerdh (SEQ 1D NO.574)
kmegenmkpageqgltiepyerdh (SEQ 1Y NO, 575)

20 HP1Hs-alpha protein:
haypedaenkeketak (SEQ 1D NO. 576)
keanvkepgiviafyeerllwh (SEQ 11 NO. 577)
kvldrevvkggveyllkwkgfseeh (SEQ 10D NQ. 578)
kegveyllkwlplfsech (SEQ 1D NQ. 579)

25 ¥FM/Sel nueleolar protein:
ksevaagvkksglpsaerlenvifgphdesh (SEQ ID NO.580)
ksevaagpvkksgplpsaertenvifgph (SEQ 1D NO. 581)
kaaeygklaksetfillhakniirpgik (SEQ ID N 0. 582)
kaaeyskkaksetfiilhak (SEQ 1D NO. 583)

30 ksetfrllbak (SEQ ID NO. 584)
hakniirpglk (SEQ 1D NO. 585)
hmnlkiacclpk (SEQ ID NO. 586)
hsldhllklyenvdsuk (SEQ ID NO. 587)
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hliklyenvdanle (SEQ 1D NO. 588)

‘Lable 12

Amyvloid beta Ad precursor protein (APP) Replikins:

kakerleakh (SEQ ID NO. 589)

kdeghtlk (SEQ [ NO, 590)

kdrghtikh (SEQ 1D NO. 591)

ketesekstnlh (SEQ 1D NO. 352)
kteeisevimdacfgh (SEQ ID NO. 593)
kteeisevkmdaefehdsgfeveh (SEQ 1D NO. 594)
kleyvraegledrghtllh (SEQ ID NO. 595)
kyvracglkdrghtilkh (SEQ 1D NCL 596)
kkyvraeqkdrgh (SEQ 1D NQ. 597)
kyvraegkdrght (SEQ ID NO. 598)
hhvihmlkkyvraeglk (SEQ 1D NGO, 399)
hvfmlideyvraeql (SEQ 1D NQ. 600}
bhvimikkyvraeqldrghtlkh (SEQ 1D NO. 601)
hy fnmlikloyvraeglkdrghtich (SEQ 1 NOQ, 602)
hahfgkakerleakh (SEQ 11D NO. 603)
hahfgkakerleak (SEQ D NO. 604)
higkakerleale (SEQ 1D NO. 6035)
hgermdveethlhwhtvaketeselstnlh (SEQ 1D NO. 606)
hgermdveethihwhtvaketesek (SEQ H NO. 607)
hwhivaketesek (SEQ ID NO. 608)
htvaketeselk (SEQ 1D NO. 609)
hihwhivaketesek (SEQ TD NO. 610)
hrnnvangkwesdpsgtikieigtl (SEQ 1D NO. 611)
hmnvgngkwesdpsgtk (SEQ 1D NO, 612)
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PASSIVE IMMUNITY

[0216] In another embodinent of the invention, isolaled Replikin peptides
may be used to generate antibodies, which may be used, for example to provide
passive immiunity in an individual, Passive immunity to the strain of influenza
identified by the method of the invention to be the most likely cause of future
influenxza infections may be obtained by administering antibodies to Replikin
sequences of the identified strain of nfluenza virus to patients in need. Similarly,
passive immunity to malaria may be obtained by administering antibodies to

Plasmodium falciparum Replhikings).

1021°7] Various procedures known in the art may be used for the production of
antibodics to Replikin sequences. Such antibedies include but are not limited to
polyclonal, monoclonal, chimerie, humanized, single chain, Fab fragments and
fragments produced by an Fab expression library. Antibodies that are linked to a
cytotoxic agent may also be generated.  Antibodies may also be administered in
combination with an antiviral agent. Furthermore, combinations of antibodies to

different Reptiking may be administered as an antibody cocktail,

[0218} For the production of antibodies, various host animals or plants may be
immunized by injection with a Replikin peptide or a combination of Replikin

peptides, including but not limited to rabbits, mice, rats, and farger mammals.

J0219] Monoclonal antibodies to Repliking may be propared by using any
technique thal provides for the production of antibody molecules. These include but
are nol limited to the hybridema technique oripinally described by Kohler and
Milstein, (Natore, 1975, 256:495-497), the human B-gell hybridoma tcchnique
(Kosbor et al., 1983, Immunology Today, 4:72), and the ERY hybridoma technique
(Cole et al., Monoclonal Antibodies ind Cancer Therapy, Alan R, Liss, Inc., pp. 77-
96). In addition, techniques developed for the production of chimeric antibodies
(Morrison el 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
gingle chain antibodics.
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[0220] Particularly useful antibodies of the invention are those that specifically
bind to Replikin sequences contained in peptides and/or polypeptides of influenza
virus, I'or example, antibodies to any of peptides observed to be present i an
emerging or re-emerging strain of influenza virns and combinations of such
antibodies are useful in the treatment and/or prevention of influenza. Similatly,
antibodies to any Replikins present on malaria antigens and combmations of such

antibodies are useful in the prevention and treatment of malaria.

[0221] Antibody fragments which contain binding sites for a Replikin may be
generated by known techniques. For example, such fragments include but are not
Jimited to Bab’)2 fragments which can be produced by pepsin digestion of the
antibody molecules and the Fab fragments thal can be generated by reducing the
disulfide bridges of the ¥(ab’)2 fragments. Alternatively, Fab expression libraries
can be generated (Iuse et al., 1989, Science, 246:1275-1281) to allow rapid and

easy identification of monoclonat Fab fragments with the desired specificity.

{0222} The fact that antimalignin antibody is increased in concentration in
human malignancy regardless of cancer cell type (IMigure 5), and that this antibody
binds to malignant cells regardless of cell type now may be explained by the
presence of the Replikin struciures herein found to be present in most malignancies
(Figure 1 and Table 2). Population studics have shown that antimalignin antibody
increases in conceniration in healthy aduits with age, and more so in high-risk
families, as the frequency of cancer increases. An additional two-fold or greater
antibody increase, which occurs in early malignancy, has been independently
confirmed with a sengitivity of 97% in breast cancers 1-10 mm in size. Shown to
localize preferentially in malignant cells in vivo, histochemically the anlibody does
not bind to normal cells but selectively binds to (Figure 4a,b) and is highly cytotoxic
to transformed cells in vitro (Figure 4e-f).  Since in these examples the same
antibody is bound by several cell types, that is, brain glioma, hematopoietic cells
(leukemia), and small cell carcinoma of lung, malignant Replikin class unity is again

demonstrated.
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[0223] Antimalignin  does not increase with benign proliferation, but
specifically increases only with malignant transformation and replication in breast in
vivo and retums from elevated to normal vaiues upon elimination of malignant cells
(Figire  5).  Aniimalignin antibody concentration has been shown to relate
quantitatively to the survival of cancer patients, that is, the more antibody, the longer
the survival. Taken together, these resulis suggest that anti-Replikin antibodies may
be a part of a mechanism of control of cell trausformation and replication.
Augmentation of this immune response may be useful in the confrol of replication,
cither actively with synthetic Repliking as vaccines, or passively by the
administration of anti-Replikin  antibodies, or by the introduction of non-immune
based organic agents, such as for example, carbohydrates, lipids and the like, which

are similarly designed 1o target the Rephikin specificalty.

10224} In another embodiment of the invention, immiute serum conlaining
antibodies 1o one or more Repliking obtained from an individual exposed to one or
more Repliking may be used to induce passive imyounity in another individual or
animal.  Tmmune serum may be administered via iv. to a subject i need of
{reatment. Passive imnpunity also can be achieved by injecting a recipiont with
preformed antibodies to one or more Replikins. Passive immunization may be used
to provide immediate protection to individuals who have been exposed to an
infectious organism. Administration of immune scrum or preformed antibodics is
routine and the skilled practitioner can readily ascertain the amount of serum or

antibodies needed to achiove the desired effect,

SYNTHETIC REPLIKIN VACCINES (ACTIVE IMMUNITY)

{0225) Synthetic Replikin vaccines, based on Repliking such as the ghoma
Replikin (SEQ 1D NO.: 1) “kagvafthll™ or the hepatitis C Replikin  (SEQ 11D NO.:
18) “hyppkpgeivpak”, or HIV Repliking such as (SEQ IID NO.: 5) “kefncgkegh™ or
(SEQ ID NO.: 6) “kvylawvpahk” or preferably, an influenza vaceine based on
conserved and/or emerging or re-cmerging Replikin(s) over a given time period may
be used to augment antibody concentration in order to lyse the respective virus
infected cells and refease virus extracellularly where chemical treatment can then be
effective. Similarly, a malaria vaceine, based on Repliking observed in Plasmodium
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falciparum malaria antigens on the merozoite surface or within the parasitophorous
vacuole, for example, can be used (o generate cytotoxic antibodies to malatia. Table
7 shows the relation of shortening or compacting of Replikin sequences to mortality
rate caused by the organisms which contain these Repliking, 1o as short as seven
amino acids. This comelation has been found by us to be a general phenomenon
regardless of the type of orgamism. We have also found that there may be a
progression over time to the shortened Replikin structure, as in influenza and SARS
viruses., There is abundant evidence that there are constant evolutionary and
competitive pressures for the emergence of constantly increasing “efficacy” of cach
mfectious organism. Based upon these observations, and by projection, 1t would
appear that if evolutionary pressures are towards shorter and shorter Repliking, with
higher and higher concentrations of lysine (K), to as high ag 70% as in BEL leukemia
(Table 7), then the projected  theoretical ideal would be the shortest possible
Replikin permitted by the algorithm which defines a Replikin, that is six annuno acids
{two ks six to ten amino acids apart), with the highest possib]é % k ( see Bxample
below in deduced Replikin “kkkkhk™, which contains 83.3% k, 5/6, and one
obligatory “h™). We have therefore, so-to-spealk, taken what appears fo be, or might
be, the next evolutionary step, not apparently as yet taken by the organisms
themselves, and devised the resultant deduced Repliking to use as general vaccines.
These Replikins which we have deduced have maximum %'K’s,  therefore
maxinun polential binding capacily, plus the constituent *h' by definition required
for the Rephkin, giving the potential for ‘I’ connection to redox enerpgy systems.
These devised Replikins are Jeast likely to be cleaved by organisms because of their
short length (proteing are cleaved to 6 to 10 amino acids long in processing for
presentation to and recognition by immune cells), therefore most likely to present
intact {o " immune-forming apparatuses in the organism to which they are
administered, and, because of their high k content, they arce most likely to generate a
maximum immune regponse which numics and may increase the maximum such
responsc which can be generated against short homologous high mortality Replikins.
Further, we have found that high % k Repliking generate the highest antibody
responses when administered to yabbits. These synthetic peptides, designed by us,
are designated as Universal synthetic epitopes, or “UTOPE”s , and the vaccines
hased upon these UTOPYs, are designated “UVAX”s. UVAXs, deduced synthetic
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vaceines, may be used as sole vaccines ot as adjuvants when administered with more
specific Replikin vaccines or other vaccines. The following are examples of

deduced UTOPEs and UVAXS:

DEVISED SYNTHETIC REPLIKIN SEQ D NO:
(UTOPE OR UVAX)

leklckhle 732

Ieklehkle 733

Jlchlckk 734

lehlcklek 735
Klekldekh 7306
elelelehle 737
kledekhkle 738
kklehikk 739
Ikl 740
lehleldedede 741

blelceelek 742

[0226] Recognin and/or Replikin peptides may be administered to a subject to

induce the immune system of the subject to produce anti-Replikin antibodies.
Cienerally, a 0.5 to about 2 mg dosage, preferably a 1 myg dosage of each peptide 1s
administered to the subject to induce ay immunce responge. Subsequent dosages may

be adminmstered 1f degired.

[0227] The Replikin sequence structure is associated with the function of
replication.  Thus, whether the Replikins of this invention arc used for targeting
sequences that contain Repliking for the purpose of diagnostic identification,
promoting replcation, or inhibiting or attacking replication, for example, the

structure-function relationship of the Replikin is fundamental.
[0228] It is preferable to utilize only the specific Replikin structure when
secking to induce antibodies that will recognize and attach to the Replikin fragment

and thereby cause destruction of the cell. Even though the larger protein sequence
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may be known in the art as having a "replication associated function," vaccines

using the larger protein often have failed or proven melfective.

[0229] Although the present inventors do not wish {0 be hield to a single
theory, the studies herein suggest that the prior art vaccines are ineffective because
they are based on the use of the larger protein sequence. The larger protein
sequence invariably has one or more epitopes (independent antigenic sequences that
can induce speeific antibody formation); Replikin structures usually comprise one of
these potential epitopes. The presence of other epitopes within the larger protein
may interfere with adequate formation of antibodies to the Replikin, by "flooding”
the immune system with irrelevant antigenic stinwili that may preempt the Rephkin
antigens, See, e.g., Webster, R.G., J. Immunol., 97(2):177-183 (1966); and Webster
et al., J, Infect. 1is., 134:48-58, 1976; Klenerman et al, Nature 3904:421-422 (1998)
for a discussion of this well-known phenomenon of antigenic primacy whereby the
first peptide epitope presented and recomiized by the immune system subsequently
prevails and antibodies are made to it even though other peplide epitopes are
presented at the same time. This is another reason that, in a vaccine formulation, it
is important to present the constant Replikin peptide to the immune system first,
hefore presenting other epitopes from the organism so that the Replilin is not pre-

empted but lodged in immunological memory.

0230} The formation of an antibody to a non-Replikin epitope may allow
binding to the cell, bul not necessarily lead 1o cell destruction.  The presence of
structural "decoys" on  the C-termini of malaria proteins is another aspect of this
ability of other cpitopes to interfere with binding of effective anti-Replikin
antibodies, since the decoy epitopes have many lysine residues, but no histidine
residues. Thus, decoy epitopes may bind anti-Replikin antibodies, but may keep the
antibodies away from histidine-bound respiratory enzymes. ‘Irealment may
therefore be most efficacious i two stages: 1) proteases to hydrolyze decoys, theu;

2) anti-Replikin anttbodies or other anti-Replikin agents,

[0231] 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.
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Usually fragments containing from about six to ten amino acids are sclecled for
antibody formation. Thus, if hydrolysis of a protein does not result in Replilin-
containing fragments, anti-Replikin antibodies will not be produced. In this regard,
it is jnteresting that Replikins contain lysine residues located six to ten amino acids

apart, since lysine residues are known to bind to membranes.

[0232] Trurthermore, Replikin sequences contain at least one histidine regiduc.
Histiding is frequently involved in binding fo redox centers. Thus, an antibody that
specifically recognizes a Replikin sequence has a better chance of inactivating or
destroying the cell in which the Replikin is located, as seen with anti-mahgnin
antibody, which is perhaps the most cytotoxic anti-cancer antibody yet described,

being active at picograms per cell,

[0233] Onc of the reasons that vaccines directed towards a particular protein
antigen of a disease causing agent have not been fully effective in providing
protection against the discase (such as foot and mouth vaccine which has been
developed against the VP1 protein or large segments of the VP1 profein) is that the
hest antibodies bave not been produced, that is — it is lkely that the antibodies to the
Repliking have not been produced. Repliking have not been produced. That is,
cither epitopes other than Replilins present in the larger protein fragments may
interfiere according to the phenomenon of antigenic primacy referred to above,
and/or because the hydrolysis of larger protein sequences into smaller sequences for
processing to prodice antibodies results in loss of integrity of any Replilan structure
that is present, e.g., the Replikin is cut in two and/or the histidine residue is lost in
ihe hydrolytic processing. The present studies suggest that for an effective vaccine
to be produced, the Replikin sequences, and no other epitope, should be used as the
vaceine. For example, a vaceine of the invention can be generated using any one of

the Replikin peptides identified by the three-point recognition systen.

10234] Particularly preferred peptides - for example - an influenza vaccine
include peptides that have been demonsirated to bo conserved over a period of one
or more years, preferably about three years or more, and/or which are present in a
strain of influenza virus shown to have the highest increase in concentration of
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Replikins relative to Replikin concentration in other influenza virus strams, ¢.p., an
emerging strain, The increase in Replikin concentration preferably cccurs over a
period of at least about six months to one year, preferably at least about two years or
more, and most preferably aboul three years or more, Among the preferred Rephikin
peptides for use in an influenza virus vaccine are those Replikins observed to "re-
emerge” after an absence from the hernagglutinin amino acid sequence for one or

MOIe Years.

|0235] The Replikin peptides of the invention, alone or in various
combinations are administered to a subject, preferably by iv. or intramuscular
injection, in order to stimulate the immune system of the subject to produce
antibodies Lo the peptide. Generally the dosage of peptides is i the range of from.
about 0.1 pg to about 10 mg, preferably about 10 pg to about 1 me, and most
preferably about 50 pg 1o about 500 ug. The skilled practitioner can readily
determine the dosage and number of dosages needed to produce an cffective

IINTIUNE FCSPONSE.

QUANTITATIVE MEASUREMENT EARLY RESPONSE(S) TO REPLIKIN
VACCINES

[3236] The ability to measure quantifatively the early specific antibody
response in days or a few weeks to a Replikin vaccine is a major practical advantage

aver other vaceines for which only a clinical response months or years later can be

mcasured.
ADIJUYANTS
JO237] Various adjuvants may be used to enhance the immunological

response, depending on the host species, including but not limited to Ireund’s
(complete and incomplete), mincral gels, such  ag aluminum hydroxide, surface
\
active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil
emulsions, key limpet bhemocyanin, dinfrophenol, and potentially useful human
adjuvants such as BCG and Corynebacterium parvun.  In addition to the usc of
synthetic UTOPEs as vaccines in themselves, UTOPEs can be used as adjuvants fo
other Replikin vaccines and to non-Replikin vaccines.
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REPLIKIN NUCLEOTIDE SEQUENCES

[0238) Replikin DNA or RNA may have a number of uses for the diagnosis of
diseases resulting from infection with a virus, bacterium or other Replikin encoding
agent. For example, Replikin nucleotide sequences may be used in hybridization
assays of biopsied {issue or blood, e.g., Southern or Novthern 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 Replilans that are
present in & parlicular pathogen of interest, or containing nucleic acid molecules
(semse or antisense) that hybridize specifically to a particular Replikin, and

optionally, various bulfers and/or reagents needed for diagnosis.

j0239] Also within the scope of the invention are oligonbonucleotide
sequences, that include antisense RNA and DNA molecules and ribozymes that
fimction fo inhibit the translation of Replikin- or recognin-containing mRNA, Both
antisense RNA and DNA molecules and ribozymes may be prepared by any method
known in the art, The antisense molecules can be incorporated into a wide variety of
vectors for deivery to a subject. The skilled practitioner can readily determine the
best route of delivery, although generally i.v. or im. delivery is routine. The dosage

amount is algo readily ascertainable.

[0240] Particularly preferred antisense nucleic acid molecules are those that
are complementary to a Replikin sequence contained in a MRNA encoding, for
example, an influenza virus polypeptide, wherein the Replikin sequence COmPrises
from 7 1o about 50 amine acids including (1) at least one lysine residue located six
to ten residues from a second lysine residue; (2) atl lcast one histidine residue; and
(3) at least 6% lysine residues. More preferred are antisense nucleic acid molecules
thal are complementary to a Replikin present in the coding strand of the gene or to
the mRNA encoding the influenza virus hemagglutinin protein, wherein the
antisense nucleic acid molecule 35 complementary to a nucleotide sequence encoding
a Replikin that has been demonsirated to be conserved over a period of six monihs to
one or more years and/or which are present in a strain of influenza virus shown to
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have an increase in concentration of Repliking relative to Replikin concentration in
other influenza virug strains. The increase in Replikin concentration preferably
oceurs over a period of at least six months, preferably about one year, most

preferably about two or three years or more.

102413 Similarly, antisense nueleic acid molecules thal are complementary to
mRNA thoge that are complementary to a mRNA encoding bacterial Repliking
comprising a Replikin sequence of from 7 to about 50 amino acids including (1) 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 regiduecs. More preferred are
antisense nucleic acid molecules that arc complementary to the coding strand of the

gene or to the mRNA encoding a protein of the bacteria.

DIAGNOSTIC APPLICATIONS

10242} For organisms such as diatom plankton, foot and mouth disease virus,
tomato leafl cind gemini virug, hepatitis B and C, HIV, influenza virus and malignant
cells, identified constituent Repliking are uscful as vaccines, and also may be
usefully targeted for diagnostic purposes. For example, blood collected for
fransfusions may be screened for contamination of organisms, such as HIV, by
serecning for the presence of Repliking shown to be apecific for the contanumation
organism.  Also, screening for Replikin structures specific for a particular
pathological organism leads to diagnostic detection of the organtam in body (issue or

in the enviromuent.

REPLIKIN STIMULATION OF GROWTH

[0243] In another embodiment of the invention, Replikin structures are used to
increase the replication rate of cells, tissues or organs, A method s available to
inerease replication rates by the addition of speeific Replikin stroctures for other
cells, tissues or organs that it is desired to replicate more rapidly, together with or
without appropriaic stimulae to cell division know in the art 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 modifymg or frapsforming & gene
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encoding for or associated with a protein or enzyme having a replication function in

the organism with at least one Replikin structure,

j0244] In another aspect of the invention, Rephikin structures are used 1o
increase the replication of organisms. The present invention demonstrates thatl in
influenza virus, for example, increased replication associated with epidemics is
associated with increased concentration of Replikins. The increase is due fo 1) the
reappearance of particular Replikin structures, which were present in previous years,
but which then disappeared for one ov more years; and/or 2) by the appearance of
new Replikin compositions. Tn addition, in malaria Replikins, repetition of the same
Replikin in a single protein occurs, Further, UTOPEs can be used to stimulation

growth of an organism or to increase replication of organisms,

[0245] Thus, the present invention provides methods and compositions for
increasing the replication of organisms. Similarly, in the manner that Replikins of
diflerent organisms can he targeted to inhibit replication of arty organism, Reptiking
can be used 1o increase the replication of any organism. For example, production of
rice, maize, and wheat crops, which are critical to feeding large populations in the
world, can be improved, for example, by inoreasing the concentration (number of

Repliking/100 amino acid residues) of any particular strain of rice.

[0246] As an example, in the Oryza sativa strain of rice, catalase isolated [rom
immature seeds was obscrved to contain the following different Repliking within the
491 amino acid sequence of the protein:

kfodvihaflspnprsh (SEQ 1D NO. 638)

kfpdvihafl (SEQ ID NO. 639)

karyvkfhwk (SEQ 1D NO.640)

hpkvspelraiwvnylsqedeslgvkianinvk (SEQ 11D NO. 641)

katiblkqgndfk (SEQ 1D NO. 642)

happipitprpvvgrrgkatinkgndfk (SEQ D NO.643)

kfrpsssfdtktttnagapvwndnealtvgprgpilledyhliekvah (SEQ ID NO. 644)

lefrpsssfdikitttnagapywndnealtygprepilledyn (SEQ 1D NO. 645)

114



10

25

30

[0247] Thus, by using recombinant gene cloning techniques well known in the
art, the concentration of Replikin structures in an organism, such as a food crop
plant, can be increased, which will promote inereased replication of the orgamsm.
For example, mserting additional Replikin sequences, like the Repliking identified
above, into the Oryza sativa catalase gene by methods well know in the arl will

promote this organism’s replication.

[0248] Similarly, in the NBS-LRR protein of Qryza sativa (japonica cultivar
aroup), the following Repliking were found:
kvkahfglkh (SEQ 1D NO. 647)
kvilcahfgle (SEQ ID NO. 648)
kdyeidkddlih (SEQ 11D NQ. 648)
hmikgefafeavplk (SEQ 1D NO. 030)
hv fwelvwrsfignvkqigsifarky yryggsdvitskihdimhdlavh (SREQ 1D NO. 631)
kqgigsifgrkvrygpsdvitskihdimhdlavh (81O 1) NO. 652)
kqigsifgrkvyrygpadvtiskihdlnh (SEQ 11D NO. 653)
kagigsifgrkvyryegsdvitskih (SEQ (D NO. 654)

[0249] Further, for aspartic proteinase oryzasin [ precursor protein, (he
following Repliking were found:

khpevesapik (SEQ 1D NOLGSE)

htvidyslonregfal (SEQ TD NO. 657)

harylsggsstygkngle (SEQ 11D NO. 658)

[0250] Similarly, in the MADS-box protein FDRMADS3 trunscription factor
of Oryza sativa (indica cultivar-group), the following Replikins were found:
kgeamvikgeinllgkghryiygnraneh (SEQ 1D NO. 639)
kaeinllgkglrviygnraneh (SEQ 1D NO. 660)
kskegmlkaaneilgekiveqnglidvegmmvadqqugh (SEQ ID NO.661)
kaaneilqekivegnglidvegmmvadqgugh (SEQ 1D NO, 662)

113



1o

15

20

30

[0251) Similarly, in LONI MAIZE (ATP-binding redox associated [ydrolase;
Serine protease; Multigene family; Mitochondrion), the following Repliking were
found:

vlaahrygile (SEQ 113 NO. 663)

Kikiamlhliprvlegh (81Q 112 NO.664)

Lllciamich (SEQ 1D NO., 6635)

ktslassiakalnrk firislggvkdeadirgh (SEQ ID NO.66G)

kalntkdiislggvlkdeadirgh (SEQ 1D NO. 667)

kiirislggvkdeadirgh (SEQ D NO. 668)

kvrlskatetverhlgsilvackitglovegglsksgk (SEQ 1D NO. 669}

hlgsitvaclatglvegelsksalk (SEQ 11 NG, 670)

kvrlskatelvdrh (SEQ 1D NO. 671)

kvggsavesskqdtknglepihwhskgvaaralh (SEQ 1D NO. 674)

kvepsavesskqdtknpkepihwh (SEQ T NQ. 673)

kvggsavesskgdikngkepili (SEQ 1D NO. 674)

kgdikngkepihwhslgvaaralh (S1EQ 1D NO. 6735)

kgdikngkepih (SEQ D NO. 676)

[0252] Similarly, for Glyceraldehyde 3-phospate  dehydrogenase A, «
chlovoplast precursor, the following Repliking are found:
hrdlrraraaalnivptstgaakavsIvlpnlk (SEQ ID NO. 677)
kvlddglfgitkgtmttth (SEQ 1D NO. 678)
higagalkkvlitapgk (SEQ 1) NO. 679)
hgrgdaspldviaimdiggvlgashilk (SEQ ID NO. 680)
lqashill (SEQ 1D NO. 710)

[0253] Further, examples of rust resistance-like protein RP1-4 (Zea mays)
found include the following Replikins:
Jeverylskdyssikglmtlmmdddiskhlqitesgleeredlovwmkeniile (SEQ 1D NQO. 681)
Jevrrviskdysstglmtlmmdddislch (SEQ 11D NO. 682)
hlgiiesgleeredkvwmkeniik (SEQ 1D NQ.683)
hdbrennmkaddlask (SEQ 1D NO. 684)
hvgnlenvigkdealask (SEQ ID NO. 685)
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enzyme E (SEQ ID Nos. 614-616) is conserved.

kkggyelrqlkdinelggslh (SEQ T NO. 686)
kqgyelrglicdinelggslh (SEQ ID NO. 687)
klylksrikelilewssengmdamnith (§EQ 1D NO. 688)
Mallglngmveripakvenlsklrylrgykdqipnigk (SEQ 11D NO. 689)
hlgHgingmyerlpnkvenlskrylrgyk (SEQ 1D NO, 690)
hlglgIngmverlpnlkvenlsl (SEQ ID NO, 691 )
hnsnkiplksvgelk (SEQ 1D NO. 692)

Lipkvgelkh (SEQ ID NO. 693)

hlsvrvesmgldhkeiiyk (SEQ 11 NO. 694)

khlkeiyk (SEQ 112 NO. 695)

krdilgesgk Alvidlalflkh (SEQ D NO. 696)
halsgacikdgllrmklgdtaceiakelggeplaakvigsemerrk (SEQ 1D NO. 687)
hafspacilkdglirmis (SEQ 1D NO. 698)
klgdtaeeiakr]ggelaakvlgsrmerrkdizewkandvwleksh (SEQ 1D NO. 699)
kevigsrmerrldiacwlaadvwieksh (SEQ 1D NQ. 700)
kdiaewlkaadvwicksh (5EQ 1D NQO. 701)

kaadvwieksh (SEQ D NO, 702)

hvptttsiptskviegmsdrdrivik igltitacasstl (SEQ 1D NO. 703)
kailteakqlrdlipglph (SEQ ID NO. 704)
kakaksgkepliredessstattvmlopfh (SEQ 11D NO. 705)
kaphrgkleswlrlkealydaedlideh (SEQ T NO. 706)
kaphrgkleswlirlle (SEQ 1D NO. 707)

hrekieswlrrll (SEQ H) NO., 708)

ksphrgk (8RO ID NO. 709)

- As discussed previously, the Replikin in wheat ubiquitin activaling
structure provides reliable targets for stimulation of plant growth.
The close relationship of Repliking to redox enzymss is also clearly

indicated in this structure in wheat. Thus, this wheat ubiguitin activating enzyme E

activates ubiquitin by first adenylating with ATP its carboxy-terminal glycine

b7

This conscrvation of Replikin
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residue and, thereafter, linking this residue to the side chain of a cysteine residue

El (SEQ ID NO. 614), viclding an ubiquitin-E1 thiolester and free AMP,

[02506] A further example of the relationship of wheat Replikins to redox
enzymes was also found in the PSABWheat Protcin, Photosystem [ P700
chlorophyll A apoprotein A2 (PsaB) (PSI-B) isolated from bread Chinese spring
wheat Chloroplast Triticum acstivam. This protein functions as follows: PsaA and
Psal3 bind 9700, the primary electron donor of photosystem 1 (PSI), as well as the
eleciron acceptors AO, Al, and FX. PST functions as a plastocyanin/cytochrome c6-
ferredoxin oxidoreductase.  Colactor P700 is a chlorephyll A dimer, Al is
chiorophyll A, Al is a phylloguinene and FX is a 4¥e- 48 ironesulfur center. The
subunit A psaA/S heterodimer binds the P700 chlorophyll special pair and
subsequent electron acceptors, The PST reaction center of higher plants and algae is
composed of one at Jeast 11 subunits. Thig is an integral menbrane protein of the
Chloroplast thylakoid membrane., The 4¥Fe-48 iron-sulfur'center” to which 'h' bind
is critical; hence the significance of ‘h’ in Replikin structure. Next to bacterial
Repliking, these wheat Repliking and plamt Repliking arc the most primitive
evolutionary illustrations of the importance of the Replikin structure to replication
and the energy source necded for replication. This bagic relationship carries through
algae, virus Repliking, bacteria, cancer cells, and apparently all organisms with

regard o replication.

[0257] Further examples of Repliking were found in the PSAR Wheat protein,

which is critical for wheat growth. These include:
hlgpkwkpslswiknaestinhh (SEQ 112 NO.617)
higpkwlkpslswilk (SEQ ID NO. 618)
kewlepslswiknaesrinhh (SEQ 1D NO. 619)
lewlipslswilmaesrinh (SEQ 1D NO. 620}
kpslswiknaesrinhh (5EQ 1D NO. 621)
kpslswiknaestlnh (SEQ 1D NO. 622)
hhaialglhtitlilvkgaldargsklmpdkk (SEQ 1D NO. 623)
haialglhtitlilvikgaldargsklmpdkle (SEQ 1D NO. 624)
hhaalglhtttlitvkgaldargsk (SEQ 1D NO. 625)
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hatalglhittlilviegaldargsk (SEQ 1D NO..626)
hittlitvkgaldargsklmpdik (SEQ 1D NO.627)
httthilvkgaldargsklmpdls (S£Q 1D NO. 628)
hittlilvkgaldargsk (SEQ 1D WO, 629)

[0258] A further example of the relationship of wheat Replikins to redox is
provide i the PSAA_WHEAT Photosystem 1 9700 chlorophyll A apoprotein Al,
thal include:
hhhlaiailfliaghmyrinwgighglkdileahlgpitggehlk (SEQ 1D NO. 630)
hilatailfliaghmyrinwgighelkdileahkgpftegghk (SEQ ID NO. 631)
hisjailfliaghmyrinwgighellcdileahkgpfiggehk (SEQ 1D NO., 632)
hinyrinwgighglledileahkgpltggehk (SEQ 1D MO, 633)
hglledileahlegpftggehlk (SEQ I NOQ. 634)
hdileahkgpfigqehk (SEQ [ NOQ. 635)
hkgpligqehlk (SEQ ID NO. 636)
kepfiggehk (SEQ 1D NQ. 637)

COMPUTER SOFTWARE FORIDENTIEFYING REPLIKINS

{0259 The present invention alse provides methods for identifying Replikin
sequences in an aminoe acid or nucleic acld sequence. Visual seanuing of over four
thousand sequences was performed in developing the present 3-point-recognition
methods, Howcever, data banks comprising nucleotide and/or amine acid sequences
can also be scanned by computer for the presence of sequences meeting the 3 point

recognition requireinents.

[0260) According 1o mother embodiment of the invention, three-point
recognition methods described herein may be performed by a computer. Figure 6 15
a block diagram of a computer available for use with the foregeing embodiments of
the present invention. The compuicr may include a processor, an mput/output
device and a memory storing executable program instructions representing the 3-
point-recognition methods of the foregoing embodiments. The memory may
incInde a static memory, volatile memory and/or a nonvolatile memory. The static
memory conventionally may be a read only memory (“ROM™) provided on a
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magnetie, or an electrical or oplical  storage medium.  The velatile memory
conventionally may be a random accessmemory (“RAM™ and may be integrated as
a cache witlun the processor or provided externally from the processor as a separate
integrated cirowit.  The non-volatile memory may be an electrical, magnelic or

optical storage medimmn.

[0261] From a proteomic point of view the construction of a “3-point
recognition” template based on the new glioma peptide sequence led directly o
identification of a biology-wide class of proteins having related structures and
functions. The operation of the 3-point-recognition method resembles wdentification
by the use of a “keyword”search; but instead of using the exact spelling of the
keyword “kagvafihkk™ (SEQ TD NO.: 1) as in a typical sequence homology search,
or in the nucleotide specification of an amine acid, an abstraction of the keyword
delimited by the “3-pointrecognition” parameters is used.  This delimited
abstraction, although derived from a sinple relatively short amino acid sequence
leads to identification of a class of proteins with structures that are defined by the
same specifications. That particular functions, in Uhis case transfonmation and
replication, in addition to structures, twn out also to be shared by members of the
exposed class suggests that these structures and functions are related. Thus, from
this newly identified shovt peptide sequence, a molecular recognition ‘language’ has
heen formulated, which previously has not been described. Further, the sharing of
immunological specificity by diverse members of the class, as here demonstrated for
the cancer Repliking, suggests that 13 cells and their product antibodies recognize

Replikins by means of a similar recognition language.

OTHER USES OF THE THREE POINT RECOGNITION METHOD

[0262] Since “3-point-recognition” is a proteomic method that specifies a
particular class of proteins, using three or more different recognition points for other
peptides similarly should provide useful information concerning other protein
classes, Turther, the “3-point- recognition” method is applicable to other recognins,
for example to the TOLL ‘innate’ recognition of lipopolyssacharides of organisms.
The three point recognition method may also be modified to identify other useful
compounds of covalently linked organic molecules, including other covalently
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linked amino acids, nucleotides, carbohydrates, lipids or combinations thereof. In
{his 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 covalently linked amino acids, lipids or carbohydrates the
subsequence of 7 (o about 50 covalently linked units should contain (1) at least one
first amino acid, carbohydrate or lipid residue located seven to ten residues from a
second of the first amino acid, carbohydrate or lipid residue; (2) encoding at Jeast
one second amino acid, lipid or carbohydrate residuc; and (3) at least 6% of the {irst
amino acid, carhohydrate or lipid residue. In the case of screeming nucleotide
sequences, the subsequence of about 21 to about 150 nucleotides should contain {1)
at least one codon encoding a first amino acid located within eighteen o thirty
nucleotides from a scecond codon encoding the first amino acid residue; (2) at least
one second amino acid residue; and (3) encodes at least 6% of said Nrst amine acid

residue,

[0263] Several embodiments of the present invention are specifically
illustrated and described herein. However, it will be appreciated that modifications
and variations of the present invention are encompassed by the above teachings and
within the purview of the appended claims without departing from the spinit and

intended scope of the nvention.

EXAMPLE 1

PROCESS FOR EXTRACTION, 1SOLATION AND
IDENTIFICATION OF REPLIKINS AND THE USE OF REPLIKINS TO
TARGET, LABEL OR DESTROY REPLIKIN-CONTAINING ORGANISNS

a) Algae

[6264] The following algae were collected from Bermuda water sites and
either extracted on the same day or frozen at -20 degrees C and extracted the next
day. The algae were homogenized in a cold room (at 0 to 5 degrees C) in 1 gram
aliquots in neutral buffer, for example 100 cc. of 0.005M phosphate buffer solution,
pH 7 (“phosphate buffer™) for 15 minutes in a Waring blender, centrifuged at 3000
rpm, and the supernatant concentrated by perevaporation and dialyzed aAgaInst
phosphate buffer in the cold to pn;duae a volume of approximately 15 ml. The
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volume of this extract solution was noted and an aliquot taken for protein analysis,
and the remainder was fractionated to obtain the protemn fraction having a pl range

between b oand 4.

10265] The prefared method of fractionation is chromatography as follows:
The extract solution is fractionated in the cold room (4° C) on a DEAE cellulose
(Cellex-D) colamn 2.5%11.0 cm, which has been equilibrated with 0.005M
phosphate buffer. Stepwise cluting solvent changes are made with the following
solutions:
Solution 1- 4.04 g. NaFI2P04 and 0.5g Nali2P04 are digsolved in 15 hitres of
distilled water (0.005 molar, ptt 7);
Solution 2 - 8.57 g NaH2P04 is dissolved in 2,480 ml. of distilied water;
Solution 3 - 17.1 g. of Nal{2P04 is dissolved i 2480 ml of distilled water
(0.05 molar, pH 4.7);
Solution 4 < 59.65 p. of Nal2P04 is dissolved in 2470 mi distilled water
(0.175 molar);
Solution 5 - 101.6 g, of NaH2P04 is dissalved in 2455 mi distiled watcr
{(pH 4.3}
Sohtlion 6 - 340.2 g. of NaH2P04 is dissolved m 2465 of distilled water
(1.0 molar, pX-14.1);
Solution 7 - 283.63 g. of 80% phosphoric actd (II3P04) is made up in 2460

ml of distilled water (1.0 molar, plL 1.0).

[U266] The extract solution, in & to 10 ml volume, is passed onto the columm
and overlayed with Sofution 1, and a reservoir of 300 ml of Solution 1 1s altached
and allowed to drip by gravity onto the column. Three ml aliguots of eluant are
collected and analyzed for protein content at QI 280 until all of the protein to be
removed with Solution 1 has been removed from the column. Solution 2 is then
applied to the column, followed in suceession by Solutions 3, 4, 5, 6 aid 7 wntil all of
the protein which can, be removed with each Selution s removed from the column.
The eluates from Solution 7 are combined, dialyzed against phosphate buffer, the
protein 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 and 25,000 Daltons are obtained in Sotution 7. For example the
algae Caulerpa mexicana, Laurencia obiura, Cladophexa prolifera, Sargassum
natans, Caulerpa verticillata, Halimeda tuna, and Pemicillos capitatus, after
exiraction and treatment as above, all demonstraled in Solution 7 eluates sharp
peptide bands in this melecular weight region with no contaminants. These Solution
7 proteins or their eluted bands are hydrolyzed, and the amino acid composition.
determined. ‘The peptides so oblained, which have a lysine composition of 6% or
greater are Replikin precursors.  These Replikin peptide precursors are then
deterrined for amino acid sequence and the Replikins are determined by hydrolysis
and mass spectrometry as detailed in 1.8, Patent 6,242,578 131, Those that fulfill
the criteria defined by the * 3-peint-recognition”™ method are identified as Replikins.

This procedure can also be applied to obtain yeast, bacterial and any plant Replikins.

b) Viruy
10267} Using the same extraction and columm chromatography separalion

methods as above in a) for algae, Repliking in virus-infected cells are igolated and

identified.
¢} Tumor celis in vivo and in vitro tissue culture
[02068] Using the same extraction and column chromatography separation

methods as above in a) for algae, Replikins in tumor cells are isolated and identified.
Por example, Replikin precursors of Astrocytin isolated from malignant brain
tumeors, Malignin (Aglyco 10B) isolated from glioblastorua tumor cells in lissue
culture, MCT7 mammary carcinoma cells in tissuc culiure, and P3} Lymphoma cells
i tissuc culiuve cach treated as above in a) vielded Replikin precursors with lysine
content of 0.1%, 6.7%, 6.7%, and 6.5% respeciively. IHydrolysis and mass
spectrometry of Aglyco 10B as described in Fxample 10 U.S. 6,242,578 Bl

produced the amino acid sequence, yiragvaflhklndiide the 16-mer Replikin.

EXAMPLE 2:
[0269] As an example of diagnostic use of Repliking: Aplyco 10B or the 16-

mer Replikin may be uscd as antigen to captore and quantify the amount of its
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corresponding antibody present in serum for diagnostic purposes arc as shown in

Figures 2, 3, 4 and 7 of 1.5, 6,242,578 B1.

0276} As an example of the production of agents to attach to Replikins for
Jabeling, nutritional or destructive murposes: Injection of the 16-mer Replikin into
rahbits to produce the specific antibody to the 16-mer Replikin is shown in Example

6 and Figures 9A and 9B of 11.5. 6,242,578 B1.

[0271] As an example of the use of agents to label Replikins: The use of
antibodics to the 16-mer Replikin to label specific cells which contain this Replikin

is shown in Figure 5 and Bxample 6 of U.5. 6,242,578 B1.

H0272) As an cxample of the use of ageuts to destroy Repliking: The use of
antibodies to the 16-mer Replikin to inbibit or destroy specific cells which contain

this Replikin is shown in Figure 6 of U5, 6,242,575 [31.

LEXAMPLIE 3

{0273] Analysis of sequence data of isolates of influenza virus hemagglutinin
protein or neuraminidase protein for the presence and concentration of Repliking 1s
carried oul by visual scanning of sequences or through use of a computer program
baged on the 3-point recognition system deseribed herein, Isolates of mfluenza virus
are obtained and the amino acid sequence of the influenza hemaggiutinin and/or
neuraminidase protein is obtained by any art known method, such as by sequencing
the hemagglutinin or newaminidase gene and derving the protein sequence
therefrom. Sequences are scanned for the presence of new Repliking, conscrvation
of Replikins over time and concentration of Repliking in each isolate. Comparison
of the Replikin sequences and concenirations to the amino acid sequences obiamed
from isolates at an earlier time, such as about six months to about three years earlier,
provides data that are used to predict the emergence of strains that are most likely to
be the cause of influenza in upcoming flu seasons, and that form the basis for
seasonal mfluenza peptide vaccines or nucleic acid based vaceines. Observation of
an increase in concentralion, particularly a stepwise increase in concentration of
Replikins in a given strain of mnfluenza virus for a period of about six months to
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about three vears or more is a predicior of emergence of the strain as a likely cause

of influenza epidemic or pandemic in the future.

[0274] Peptide vaccines or mucleic acid-based vaccines based on the Replikms
observed in the cmerging strain are generated. An cmerging strain 1s identified as
the strain of influcnza virus having the highest increase in concentration of Replikin
sequences within the hemagglutinin and/or newraminidase scquence during the time
period. Preferably, the peptide or nucleic acid vaccine is based on or includes any
Replikin sequences that are cbserved to be conserved in the emerging strain.
Conserved Replikins are preferably those Replikin sequences that are present in the
hemagglulinin or neuraminidase protein sequence for about two years and preferably
longer, The vaccines may include any combination of Replikin sequences

identified in the emerging strain.

{0275] For vaceine production, the Replikin peptide or peplides identified as
useful for an effeclive vaceine are synthesized by any method, including chemical
synthesis and molecutar biology techniques, including cloning, expression i a host
cell and purification therefrom. The peptides are preferably admirxed with a

pharmaceutically acceptable carrier in an amount deterntined to induce a therapeutic

antibody reaction thereto. Generally, the dosage is about 0.1 ng to about 10 mg,
[0270] The influenza vaceing is preferably administered to a patient n need

thereof prior to the onset of "flu season.” Influenza flu season generally ocours m
late October and lasts through late April,  However, the vaccine may be
administered at any time during the year. Preferably, the influenza vaceine is
administered once yearly, and is based on Replikin sequences observed to be
present, and preferably conserved in the emerging strain of influenza virus. Another
preferred Replikin for inclusion in an influenza vaceine is a Replikin demonsirated

{o have re-emerged in a strain of influenza after an absence of one or more years.

EXAMPLE 4
[0277] Analysis of sequence data of isolates of coronavirus nucleocapsid, or
spike, or envelope, or other protein for the presence and concentration of Repliking
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is carried out by visual scanning of sequences or through usc of a computer program
based on the 3-point recognition method described herein, Isolates of coronavirus
are obtained and the amino acid sequence of the coronavirus protein is obtaimed by
any method known in the art, such as by sequencing the protein’s gene and deriving
the protein sequence therefrom. Sequences are scanwed for the presence of new
Replikins, conservation of Repliking over time and concentration of Replikins in
each isolatc. Contparison of the Replikin sequences and concentrations to the amino
acid sequences obtained from isolates at an earlier time, such as about six months to
about three years carlier, provides data that are used to predict the emergence of
siraing that are most likely to be the cause an outhreak or pandemic, and that form
the basis for coronavirus peptide vaccines or nucleic acid based vaceines.
Ohservation of an increase n concentration, particularly a stepwise increase in
concentration of Replikins in a given class, or strain, of coronavirus for a period of
about six months to about three years or more g a predictor of cmergence of the

strain as a likely canse of an epidemic or pandemic, such as SARS, in the future,

[0278] Peplide vaceines or nucleic acid-based vaccines based on the Replikins
observed in the emerging strain of coronaviruses are generated. An emerging strain
is identificd as the strain of coronovirus having the highost increase jn concentration
of Replikin sequences within the nucleocapsid sequence during the time period.
Preferably, the peptide or nueleic acid vaccine is based on or includes any Replikin
sequences that are observed to be conserved in the strain.  Conserved Replikins are
preferably those Replikin scquences which are present in the nucleocapsid protein
sequence for about two years and preferably longor. The vaccines may inctude any

combination of Replikin sequences identified in the emerping strain,

[0279] For vaceine production, the Replikin peptide or peptides wdentified as
useful for an cffective vaceine are synthesized by any method, including chemical
synthesis and molecular biology technigues, including cloning, expression in a host
cell and purification therefrom. The peptides are preferably admixed with a
pharmaceutically acceptable catrier in an amount determined to induce a therapentic

antibody reaction thereto. Generally, the dosage is about 0.1 g to about 10 mg.
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[0280] The coronavirus vaccine may be administered to a paticnt at any time
of the year. Preferably, the coronavirus vaccine is administered once and is based
on Replikin sequences observed to be present, and preferably comserved, in the

classes of coronavirus.

EXAMPLY 5
[0281] Anatysis of sequence data of jsolates of Plasmodinm faleiparum

antipens for the presence and concentration of Replikins is carried out by visual
soamming of sequences or through vse of a computer program based on the 3-point
recognition method described herein.  Isolates of Plasmodium falciparum are
obtained and the amino acid sequence of the protein is obtained by any arl known
method, such as by sequencing the gene and deriving the prolein scquence
therefrom.  Sequences are scamied for the presence of Replikins, conservation of
Repliking over time and concentration of Repliking in each isolate.  This
information provides data that are used lo form the basis for anti-malarial pepiide

vaceines or nucleic acid based vacoines,

0282} Peptide vaceines or nucleic acid-based vaceines based on the Repliking
ohserved in the malaria causing organism are generated. Preferably, the peptide or
nueleic acid vaceine fs based on or includes any Replikin sequences that are
observed to be present on a swface antigen of the organism. The vaccines may
include any combination of Replikin sequences identified in the malaria causmg

slrain.

[0283] For vaceine production, the Replikin peptide or peptides identified as
useful for an effective vaccine are synthesized by any method, incfuding chemical
synthesis and molecular biology techniques, including cloning, expression in a host
cell and purification therefrom. The peptides are preferably admixed with a
pharmaceutically acceptable carrier in an amount determined to induce a therapeutio

antibody reaction thereto. Generally, the dosage is about 0.1 pg to about 10 mg,
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[¢284] Then malavia vaccine is preferably administered to a patient in need
thereof at any time during the year, and particularly prior to travel to a tropical

environment.

[0285] Another embodiment includes an antisense nucleic acid molecule
complementary to the coding strand of the gene or the mRNA encoding organism
for the repliking in organisms including, but not limited to, viruses, trypanosomes,
bacteria, fungi, algae, amocba, and plants, wherein said antisense nucleic acid
molecules is complementary to a nucleotide sequence of a replikin containing

organism.
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What is claimed is;

Claim 1.

Claim 2,

Claim 3.

Claim 4,

Claim 5.

Claim 6.

Claim 7.

An isolated or synthesized coronavirus peptide consisting of 7 to 30 amino
acids wherein said peptide is isolated or synthesized by:
identifying a motif consisting of
(1) at least one lysine residuc 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 motif}
(2) a first lysine residue located six to ten residues from a second lysine
residue;
(3) at least one histidine residue; and
(4)  atlcast 6% lysine residues; and
selecting said identified motif; and
isolating or synthesizing said coronavirus peptide comprising said identificd

molif.

The isolated or synthesized coronavirus peptide of ¢laim 1 wherein said
coronavirus peptide amino acid sequence consists of 7 to 25 amino acids

residues.

The isolated or synthesized coronavirus peptide of claim 1 wherein said
coronavirus peptide amino acid sequence consists of 7 to 16 amine acid

residues.,

A coronavirus vaccine comprising at least one isolated peptide of ¢laim 1
present in the nucleocapsid, or spike, or envelope, or other protein of an

emerging strain of coronavirus and a pharmaceutically acceptable carrier.

The coronavirus vaccine of claim 4 wherem the vaccine comprises a plurality

of'isolated peptides of ¢laim 1.

A method of preventing or treating SARS comprising administering to a patient
a vaccine comprising at least one isolated peptide of claim 1 present in the
nucleocapsid, or spike, or envelope, or other protein of an emerging strain of

coronavirus and a pharmaceutically acceptable carrier.

A synthesized peptide wherein the synthesized peptide is about 7 to 10 amino
acids long comprising all lysines except for one histidine and at least one lysine
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Claim 8.

Claim 9.

Claim 10,

Claim 11.

Claim 12.

Claim 13,

Claim 14,

Claim 15.

(1

(2)

is located six to ten residues from a second lysine.

A method of providing passive immunity comprising administering a
composition comprising the synthesized peptide of claim 7 and a

pharmaceutically acceptable carrier,

The mecthod of claim 8 wherein said composition further comprises an

adjuvant,

A method of inducing an immune response against SARS comprising
administering a synthesized peptide about 6 to about 10 amino acids long

comprising all lysines except for one histidine.

A mcthod of inducing an immune response against SARS comprising

administering a synthetic peptide of claim 7.

A method of inducing an immune response agamst SARS comprising

administering a vaccine of claim 4,

A method of treating SARS comprising administering a UTOPE, wherein said
UTOPE is a synthesized peptide about 6 to about 10 amine acids long

comprising all lysines except for one histidine.

A synthetic peptide conststing of the amino acid sequence of a UTQPE,
wherein said UTOPE is a synthestzed peptide about 6 to about 10 amino acids

long comprising all lysines except for one histidine,

A method of identifying an emerging strain of a virus for diagnostic, preventive
or therapeutic purposes comprising:
obtaining at least one isolate of each strain of a plurality of
straing of the virus;
analyzing the amino aecid sequence of the individual proteins of at least one
isolate of cach strain of the plurality of strains of the virus for the presence
and concentration of Replikin sequences wherein said Replikin sequences
comprise:
a) at least one lysine residuc located at a first terminus of said Replikin
scquence and at least one lysine residue or at least one histidine residuc
located at a second terminus of satd Replikin sequence;
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(3)

(4)

b) a first lysine residue located six to ten residues from a second lysine
residue;

c) at [east one histidine residue; and

d) at least 6% lysine residues;

comparing the concentration of Replikin sequences in the sum of the amino
acid sequences of all of the individual proteins of the at least one isolate of
cach strain of the plurality of strains of the virus to the concentration of
Replikin sequences observed in the amino acid sequences of the sum of all
of the individual proteins of the same strain of the virus isolated at at least
one earlier time period to provide the concentration of Replikins for at lcast
two time periods in cach strain of the plurality of strains, said at least onc
carlicr time peniod being within about six months to about three years prior
to step (1); and

identifying the strain of the virus having the highest increase in
concentration of Replikin sequences in the sum of all of the individual
proteins of the stramn of the virus between the at least two time periods as
compared to the concentration of Replikin sequences in the sum of all of
the individual proteins of the other strains of the plurality of strains as an

cmerging strain of virus,

Claim 16. A method according to claim 15 wherein said emerging strain of virus is

selected from the group consisting of influenza virus, SARS, and coronavirus.

Claim 17. A method of tdentifying an emerging strain of a virus for diagnostic, preventive
24

(1)

or therapeutic purposes comprising

obtaining at least one isolate of cach stramn of a plurality of strains of the
virus;
analyzing the amino acid sequence of at lcast one individual protein of the
at least one isolate of each strain of the plurality of strains of the virus for
the presence and concentration of Replikin sequences, wherein said
Replikin sequences comprise:
a) at least one lysine residue located at a first teeminus of said Replikin
sequence and at least one Tysine residue or at least one histidine residue
located at a sceond ternuinus of said Replikin sequence;
by a first lysine residue located six to ten residues from a second lysine
residue;
¢) at teast one histidine residue; and
d) at least 6% lysine residues;
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and whercin said at least one individual protein is the same protein in each
isolate of cach strain of the virus;

(3) comparing the concentration of Replikin sequences in the amino acid
sequence of the at Ieast onc individual protein of the at least one isolatc of
cach strain of the plurality of strains of the virus to the concentration of
Replikin sequences observed in the amino acid sequence of the same
individual protcin of cach of the strains tsolated at at least one earlier time
period to provide the concentration of Repliking for at least one protein in
cach strain of the plurality of strains of the virus at at lcast two time
periods, said at least one earlier time period being within about six months
to about three years prior to step (1); and

(4)  identifying the strain of the virus having the highest increase in
concentration of Replikin sequences in the at least one individual protein
between the at least (wo time periods as compared to the increase in
concentration of Replikin sequences in the at least one ndividual protein
between the at least two periods in the other straing of the plurality of

strains of the virus,

Claim 18, A method according to clatim 17 wherein said emerging strain of virus 1s

selected from the group consisting of influenza virus, SARS, and coronavirus.

Claim 19. A method of identifying an emerging strain of an influenza virus for diagnostic,
preventive or therapeutic purposes comprising:

(1) obtaining at least onc isolate of cach strain of a plurahity of strains of the
influenza virus:

(2) analyzing the amino acid seguence of the hemagglutinin protein of the at
least one isolate of cach strain of the plurality of straing of the virus for the
presence and concentration of Replikin sequences, wherein said Replikin
sequences comprise:

a) at least one lysine residue located at a first terminus of said Replikin
sequence and at least one lysine residue or at least one histidine residue
located at a sccond terminus of said Replikin sequence;

b} a first lysine residuc located six to ten residues from a second lysine
resilue;

¢) at least one histidine residue; and

d) at least 6% lysine residues;
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(4)

Claim 20,

Claim 21.

(1)

(2)

comparing the concentration of Replikin sequences of the hemagglutinin of
each strain of the plurality of straing of the virus with the concentration of
Replikin sequences of the hemagglutinin amine acid of cach strain at at
least one earlier time period to provide the concentration of Repliking for at
lcast two time periods, said at least one carlier time period being within
about six months to about three years prior to step (1); and

identifying the strain of the influenza virus having the highest

merease in concentration of Replikin sequences of the hemagglutinin
protein during the at least two time periods as an emerging strain of

influenza virus.

A method of identifying an emerging strain of virus according to claims 135, 16,
17, 18 andt 19 further comprising identifying the strain of virus having the
greatest incrcasc in concentration of new Replikin sequences between said at
least two time periods as an emerging strain of virus, wherein said new
Replikin sequences are those exact sequence structures that are present in said
strain of virus isolated at the later of said two time periods and not present in
said strain of virus isolated at the earlier of said two time periods wherein said
Replikin sequences comprise at least one lysine residue located at a first
terminus of said Replikin scquence and at Icast onc lysine residuc or at least
one histidine residue located at a second terminus of said Replikin sequence, a
tirst lysine residue located six to ten residues from a second lysine residue, at

as istidine residue; and at least 6% lysine residues.
lcast one histidine residue; and at least 6% ly ssidue

A method of identifying a non-emerging strain of virus, or a strain of virus that
ts dormant, for diagnostic, preventive or therapeutic purposes comprising:
obtaining at least one isolale of each strain of a plurality of strains of the
VITus;
analyzing the amino acid scquence of the at least one isolate of ¢ach strain
of the plurality of strains of the virus for the presence and concentration of
Replikin sequences, wherein said Replikin sequences comprise:
a) at least once lysine residue located at a first terminus of said Replikin
sequence and at least one lysine residuc or at least one histidine restduc
located at a second terminus of said Replikin sequence;
b} a first lysine residue located six to ten residues from a second lysine
residuc;
¢) at least one histidine residuc; and

d) at least 6% lysine residucs;
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(3)

(4)

comparing the concentration of Replikin sequences in the amine acid
sequence of the at least one isolate of each strain of the plurality of strains
of the virus to the concentration of Replikin sequences observed in the
amino acid sequence of each of the strains at at least one earlier time period
to provide the concentration of Repliking for at least two time periods, said
at least one earlier time pertod being within about six months to about three
years prior (o step (1); and

identifying the strain of the virus having the lowest increase in
concentration of Replikin sequences during the at least two time periods.



