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REPLIKIN PEPTIDES AND USES THEREOF

[0001] Repliking are a newly discovered class of peplides that share structural
characteristics. Repliking have been found in viruges, bactena, fungus, cancer
associated proteins, plants and unicellular parasites and their use as targets n the
development of methods of treating or preventing discases. Repliking are useful in
the detection of these discases, Also this invenlion relates to the use of Replikins to

stimulate growth of plants used for food.

[0002] Rapid replication s characteristic of virulence in certamn bacteria,
viruses and malignancies, but no chemistry common to rapid replication mn different
organisms 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 proteins related to rapid replication, named
Repliking, can be used to predict and control rapid replication in multiple organisms

and diseases and 1o induce rapiud replication in plant and animal life.

J0003] We construeted an algorithm to scarch for Replikins. In applying the
algorithm not only was the function of the epitope revealed - rapid replication, but
an entire farmily of homologues whose function 1s relaled to rapid replication was

discovered, which we named Replikins.

[0004] The algorithm 1s based on the following: 1) Evidence that the imumune
systemn looks to parts rather than a whole protein in recognition. Protein chams are
first hydrolyzed by the immune system into smaller pieces, frequently six (6) to ten
(10) amino acids long, as part of the immune systems’ process of recognition of
foreign structures agwsnst which 1t may mount an immune defense. By way of
example, the mmmune system recognizes the presence of disease by chopping up
prolemns of the diseasc agent into smaller peptide sequences and reading them. This
principle is used as a basis for the algorithm with which to search for homologues of
the malignin cancer epitope, once the structure of the cpitope was known; 2) The
specifie structure of the mahgnin epitope, in which two of the three lysines (K's) are

cight residues aparl is in accordance with the apparent ‘rules’ used by the immune
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system for recognition referred to above (6-10 amino acids long); 3) The fact that
the malignin cancer epitope was shown to be a very strong antigen, that is - a
generator of a strong immune response; that there are three fysines (K’g) in the 10-
mer peptide plioma Replikin and that K’s are known 1o bind frequently to DNA and
RINA, potential targets for the entry of viruses; and 4) Onc histidine (H) is included
in the sequence of the malignin epitope, between the two K’s which are eight (8)
residues apart, sugpesting a conncetion o the melals of redos systems which are

required to provide the energy for replication.

[0005] Enginecred enzymes and catalytic antibodies, posscssing tailored
binding pockets with appropriately positioned functional groups have been
successful in catalyzing a number of chemical tansfonmations, sometinies with
impressive efficiencies.  Just as two or more separate proteins with specific and
quite differcat functions are now often recognized to be synthesized together by
organisms, and then separately cleaved to ‘po about their separate functions’, so the
Replikin structure is a unique protein with a unique function that 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 has led to the discovery of a wide class of
proteins 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 diseases including, influenza, FI1V, cancer and tomato leaf curd
virus, This class of structures is related to the phenomenon of rapid replication in
organisms as diverse as yeast, algae, plants, the gemini curl leaf tomato virus, HIV

and cancer.

[0007] In addition to detecting the presence of Repliking in rapidly replicating
organisins, we found that 1) Replikin concentration (humaber of Repliking per 100
amino acids) and 2) Replikin compositions in 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 functional 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

i HIV.

[0008] The first functional basis for Rephking® role in rapid replication was
found in the properties of the glioma Replikin, a 10KD peptide called Malignin in
brain glioblastoma multiforme (glioma) -~ a 250K cell protein.  Antimalignin
antibody increased m concentration in serum (AMAS), measured by an early stage
diagnostic test for cancer now used for most or all cell types. Malignin was so
named because in tissue culure the expression of this peptide and ils concentration
per milligram membrane protein extractable increased with increased rate of cell
division per upit time. Not only is there an increase in the amount of malignin in
proportion to the cell number increase but the amount of malignin 18 enriched, that is

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

[0009] The structure of matipnin protein was determined through hydrolysis
and mass spectrometry which revealed what proved {o be a novel 16 mer peptide
sequence. We searched for the 16 mer peptide sequence which we bave named a
Glioma Replikin protein in databases for the healthy human genome and found that

it was not present in these databases.

[00710] As such, the fixed requirement algorithm was used to search in other
organisms for the Glioma Replikin protein or homologucs thereof.  Over 4,000
protein scquences in the “Pub Med” database were searched and homologues were
found in viruses and plant forms specifically associated with rapid replication,
Homologues of such Replikin proteins occurred [roquently in proteins called

‘replicating proteins’ by their investigators.

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

fungi, viruses and bacteria.
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10012] 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 glioma
replikin was synthesized in vitro and administered as a synthetic vaceine {o rabbits,
abundant antimalignin antibody was produced " establishing rigourously the
antigenic bagis of the antimalignin antibody in scrum (AMAS) lest, and providing
the first potential synthetic cancer vaccine and the prototype for Replikin vacemes in

other organigms.

[0013] The demonsiration of the relationship of the Replikins to replication
and the natural immune response to cancer Repliking (overriding cell type) based
upon the shared specificity of cancer Repliking, permits passive augmentation of
immunity with antimalignin antibody and active augmentation with synthetic

Replikin vaceines,

[0014] A study of 8,090 serum specimens from cancer patients and controls
has demonsirated that the concentration of antimalignin antibody mcreases with age
in healthy individuals, as the incidence of cancer in the population increases, and
increases further two to threc-fold in early malignancy, regardless of cell type. In
vitro this antibody is cytotoxic 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 slage in cancer at
which cells only have been transformed to the immortal 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
Replikins. In addition, clues to the viral pathogencsis of cancer may be found m the
fact that plioma glycoprolein 10B has a 50% reduction in carbohydrate vesidues
when compared to the normal 101, This reduction is associated with virus eniry in
other instances and so may be evidence of the altachment of virus for the delivery of
virus Replikins to the 10B of glial cells as a step in the transformation to the

malignant statc.



]

13

20

25

a0

WO Z005/010032 PCTUS2004/01 7930

{0015) The sharing of immuuological specificity by diverse members of the
class, as demonatrated with antimalignin antibody for the glioma and related cancer
Replikins, suggests that 13 cells and their product antibodies may recogmze
Replikins by means of a similar recognition ‘language’. 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 eytotoxic to cancer cells and related to survival of cancer patienis 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 (he cancer Replikins, whether those in viruses
known to cause cancer, or those in transforming proteins, or those isolaled in cancer
cell proteins (see Table 2, sections on cancer Replikins) is sufficiently general that
the antimalignin antibody in serum test (AMAS Test) is an effective general cancer
test. 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 tissues and in fluids by diagnostic methods cominon in the art, such
as mass spectrometry, Once the particular Replikin is identified in the sequences of
the cancer proteing by the methods discovered and deseribed here, the Replikin is
synthesized and acts as a standard for assays of tissues and fluids for the same
structure. For example, the definitive and highly specific mass spectrometry analysis
for one such cancer protein, the first defined cancer cell Replikin, the Glioma
Replikin  ‘kagvafllkl’, 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 specifc treatment. Thus, for example, the Glioma
Replikin occurs only in glioblastoma multiforme, a malignant bram tumor, ane of
the most malignant of all tumors with a mortality of over 90%, for which no
effective lreatment is available. If its Glioma Replikin is measured in serum, the
presence of brain malignancy is detected, 1t is also now possible to targel 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 Replikins as listed, by example, only in Table 2.

5
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[0017] A second functional basis for the Replikins® role in rapid replication is
the study of data from the past 100 years on influenza virus hemagglutinin protein
sequences and cpidemiology of influenza epidemics and pandemics. To date, only
serological hemagelutinin and antibody clasgification, but no strain-specific
conserved peptide sequences have previously been described in influenza, and no
changes in concentration and composition of any strain-spectfic peplude sequences
have been described previously which correlate with epidemiologically documented

epidemics or rapid replication.

[06018] A four to len-fold increase in the concentration of stran-specific
influenza Repliking in one of gach of the four major strains, influenza B, (A)IINI,
(A)H2NZ and (A)H3N2 was [ound, and that such increase of Replikin concentration
was rolated to influenza epidemies caused specifically by each strain from 1902 fo
2001,  These increases in concentration were then shown to he due to the
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 stram-specific chemical structures were known with
which to predict which strains would predominate in coming influenza seasons, nor
to devise annual mixtures of whole-virus strains for vaccines. The recent sharp
inereasc in H3N2 Replikin concentration (1997 to 2000), the largest in H3N2's
history, and the reappearance of specific Replikin compositions which were last seen
in the high mortality H3N2 pandemic of 1968 and in the two high mortality
epidemics of 1975 and 1977, but were absent for 20-25 years, together may be a

warning of comng epidemics.

[0019] Synthetic Repliking are new vaccines. This bigh degree of
conservation of Replikin structures observed whereby the identical structure can
persisl for 100 years, or reappcar after an absence of from one to 64 years reappears
indicates that what was previously thought to be change in virulence 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 occwred, the chance against an average length influenza

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

the order of 2 to the 27 powerto 1.

[0020] The significant conservation of Repliking ts not unique to influenza
virus, for example, it is also present in (oot and mouth discase virus type O and in
HIV, as well ag in wheat. More recently, significant conservation of Replikins is

present in coronavirus nucleocapsid proteins.

[0021} A third functional basis for Repliking’ role in rapid replication is the
increase in Replikin concentration shown to be related to rapid replication in HIV,
The Replikin concentration in the slow-growing low-tifre strain of HIV (NS,
“Bru™), prevalent in early stage infection, was found to be one-sixth of the Replikin
concentration in the rapidly-growing high-titre strain of HIV (81, “Lai™), prevalent m

late stage 1V infection.

[0022] Other examples are given of the relation of Repliking to rapid
replication. T‘or example, in tomato curd leaf geming virus, which devastates tomato
crops, the first 161 amino acids of the ‘replicating protein’, which have been shown

to bind to IXNA, contain five Replikins.

[0023] In malaria, legendary for rapid replication, frypanosomes are released
from the liver in tens of thousands from one trypanosome, Multiple, novel, almost
‘flamboyant® Replikin structures with concentrations of up to 111 overlapping

Replikins per 100 amino acids are found therein.

j0024) The increase in Replikin concentration in 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
HIV and in a diverse range of other organisms. Repliking thus are associated with
and appear to be part of the structural bases of rapid replication i different

Organisms.
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[0025] Replikin concentration and composition therefore provide new methods
to detect and to control the process of replication, which is central to the survival
and dominance of each biological population. The discovery of these new proteins
related to rapid replication provides new opportunities 1) for detection of pathogens
$ by qualitative and quantitative determinations of Replikins, 2) for the control of a
broad range of diseases in which rapid replication is a key factor by targeting native
Replikins and by using synthetic Repliking as vaccines, and 3) for the use of

Repliking to {oster growth of algal and plant foods.

10 [0026] There is a significant number of diseases and pathogens which have
proved difficult to detect and treat and for which there is no effective vaceine, Tlhus,
for each disorder there is a need for developing a target that will provide effective

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

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

20 one lysing residue located six to ten amino acid residues from a sccond lysine
residue; (2) at least one histidine residuc; and (3) at least 6% lysine residues
(Replikin) ~ constituting a new class of peptides was revealed in algac, yeast, fungi,
amocbae, bacteria, plant and virus proteins having replication, transformation, or
redox functions.

25
[0028] In one aspect of the invention thete are provided isolated or synthesized
peptides containing a Replikin sequence. The peptides comprise from 7 to about 30
amino acids including (1) at least one lysine residue located six {o ten amino acid
residues from a second lysine residues; (2) at least one histidine residue; and (3) at

20 least 6% lysine residues.

[0029] The present invention alse provides methods for detecting the prosence
of a contaminating organism in a body sample or environmental sample comprising:

8
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(1) isolating nucleic acids from the body sample or environmental sample;
(2) screening the nucleic acids for the presence of a Replikin structure; and
(3) comrelating the presence of a Replikin structure with the presence of the

contaminating organism,

(06030} In another aspect of the invention there is provided a process for
stimulating the immiune system of a subject o produce antibodies that bind
specifically to a Replikin sequence, said process comprising administering to the
subject an effective amount of a dosage of 4 composition comprising at least one
Replikin peptide. One cmbodiment compriges at least one peptide that is present in

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

[0031] The present invention also provides antibodies that bind specifically to
& Replikin, as defined herein, as well as antibody cocktails containing a plurality of
antibadies that specifically bind to Repliking. In one embodiment of the invention,
there are provided compositions comprising au antibody or antibodies that

specifically bind to a Replilin and a pharmacceutically acceptable carrier.

[0032] In one aspect of the invention there are provided 1solated, or separated
from other proteins, recombinant, or synthesized peptides or other methods
containing a viral Replikin sequence. The viral Replikin peptides comprise from 7
to about 50 amino acids including (1) at lcast one lysine residue Jocated six lo ten
amino acid residues from a second lysine residue; (2) at Jeast one histidine residue;

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

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

least one histiding residuc; and (3) at least 6% lysine residues.

Q
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[0034) The present invention also provides methods for detecting the presence
of a contaminating virus in a body sample or environmental sample comprising:
(1) isolating nucleic acids from the body sample or environmental
sample;
(2) scrcening the nucleic acids for the presence of a viral Replikin
structure; and
(3) correlating  the presence of viral Replikin - structures, their
concendration and composilion, with the presence of the

contaminating virus.

[0035] In another aspect of the invention there is provided a process for
stimulating the immune system of a subject to produce antibodies that bind
specifically to a viral Replikin sequence, said process comprising administering to
the subject an effective amount of a dosage of a composition conprising at least ane
Replikin peptide. One embodiment compriscs at least one peptide that is present in

an cmerging strain of the virus if such new strain emerges.

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

acceptable carrter,

[0037] The present invention also provides therapeutic composilions
comprising one or more of isolated virus peptides having from 7 to aboul 50 antino
acids comprising: (1) at least one lysine residue located six to ten residucs from a
sceond lysine residue; (2) at least one histidine residue; and (3) at least 6% lysine

residues, and a pharmaceutically acceptable carrier.

10038] In another aspect of the invention there is provided an antisense nucleic
acid molecule complementary to a virus Replikin mRNA sequence, said Replikin
mIRRINA sequence denoting from 7 to about 50 amino acids comprising:

10
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{1} at least one lysine residue located six to ten residues {rom a second
lysine restdue;
(2) at least one histidine residuc; and
{(3) at least 6% lysine residues.
10039] In yet another aspect of the invention there is provided a method of

simulating the imnmne system of a subject to produce antibodies to viruses, smd

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

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

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

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

[0040] It another aspect, there is provided a mcthod of selecting a virus

peptide for inclusion in a proventive or therapeutic virug vaceine comprising:

8y

(2)

(4)

(5

obtaining at least one isolate of each 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 slrains of the virus for the presence and
coneentration of Replikin sequences;

comparing the concentration of Replikin sequences in the amino acid
sequence of the at least onc isolate of each sirain 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 least
one carlier time petiod to provide the conceniration of Replikins for
al least two time periods, said at least one earlier time period being
within about six months lo about three years prior to step (1);
indentifying the strain of the virus having the highest increase in
concentration of Replikin scquences during the at least two {ime
periods; and

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

virug vaccine.

11
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The present invention also provides a method of making a preventive

or thérapeulic virug vaceine comprising:

(1)
()

()

(4)

identifying a strain of a virus as an emerging strain,

selecting at least one Replikin sequence present in the cmerging
sirain as a peptide template for the virus vaceine manufacture,
synthesizing peptides having the amino acid sequence of the at Jeast
one Replikin sequence selected in step (2), and

combining a therapeutically effeclive amount of the peplides of step

(3) with a pharmaccutically acceptable carier and/or adjuvant.

[0042] In another aspect, the invention is directed to a method of identifying

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

comprising:

(1)

(2)

3)

20

5

(4)

3

—
=

abtaining at least one isolate of each strain of a plurality of strains of
the virus;

analyzing the amino acid sequence of the al least one isolate of each
strain of the pluralty of straing of the virus for the presence and
congentration of Replikin scquences;

comparing the concentration of Replikin sequences in the amino acid
sequence 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 sequence of cach of the strains at least one
carlier ime period to provide the concentration of Replilkins for at
least two time periods, said at least one carlier time period being
within about six months to about three years prior to siep (1); and
identifying the strain of the virus having the highest increase in
concentration of Replikin sequences during the at Jeast iwo time

periods.

[0043] In vet 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 cmerging strain of the virus and a pharmaceutically acceptable carrier

and/or adjuvant.
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[6044) Also provided by the present invention is a method of preventing or
{reating a virus infection comprising administering to a patient i need thercof a
preventive or therapeutic virus vaceine comprising at least one isolated Replikin
present in a protein of an emerging strain of the virus and a phammaceulically

accepiable carmer and/or adjuvant.

INFLUENZA

[0045] Influenza is an acute respiratory illness of global importance. Despite
international attempts lo control influenza virus outbreaks through vaccination,
influenza infections remain an important cause of morbidity and moriality.
Worldwide influenza epidemics and pandemics have occurred at irregular and
previously unpredictable intervals throughout history and it is expected that they will
continue to occur in the fiure. The impact of both pandemic and epidemic

influenza is substantial in terms of merbidity, mortality and economic cost,

{0046] Influenza vaceines remain the most effective defense against influenza
vitus, but because of the ability of the virus to mutate and the availability of non-
human host resetvoirs, it i expected that influcnza will remain an emergent or re-
emergent infection, Global influenza surveillance indicates that influenza viruscs
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. Discase surveillance is also tmportant in assessing the impact of epidemics.
Both types of information have provided the basis of the vaccine composition and
the comrect use of antivirals. However, to date there has been only annual post hoce
hematological classification of the increasing number of emerging influenza virus
straing, and no specific chemical structure of the viruses has been identified as an
indicator of approaching influenza epidemics or pandemics. Currently, the only
hasig 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 beon identified prior to this application
that can be used for quantitative waming of epidemics or pandemics or to design
more effective and safer vaccines.

13
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joed7] Because of the annual administration of influenza vaccines and the
short period of time when a vaccine can be administered, strategies directed at

improving vaccine coverage are of critical importance.

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

Replikin).

[0049] In another aspect of the invention, there is provided a process for
stimulating the immune systemm of a subject to produce antibodies that bind
specifically to an influenza virus Replikin sequence, said process comprising
administering (o the subject an effective amount of dosage of a composition
comprising at least one influenza virus Replikin peptide. In a preferred embodiment
the composition comprises at least on peptide that is present in an emerging strain of

mfluenza virus.

[0030] The present invention also provides antibodics that bind specifically to
an influenza virus Replikin, as defined hercin, as well as antibody cockiails
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 antibodies that specifically bind to an influenza Replikin

and a pharmaceulically acceptable carrier.

{0051} The present invention also provides therapeutic compositions

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

50 amino acids comprising:

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

14
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(3) al least 6% lysine residues, and a pharmacentical acceptable carner.

[6052] T another aspect of the invention there is provided an antisense nucleic
acid molecule complementary to an influenza virus hemagglutinin Replikin mRNA
5 sequence, said Replikin mRNA. sequence denoting from 7 (o about 50 amino acids
comprising:
(1} at least one lysine residue located six to ten residues from a second
lysine residue;
() at least one higtidine regidue; and

10 (3) at least 6% lysine residues.

[0053] In yet another aspect of the invention there is provided a method of
simulating the immune system of a subject to produce antibodies to influenza virus
comprising administering an effective amount of at least one influenza virus
15 Replikin peptide having from 7 to about 50 amino acids comprising:
(1) al Jeast one lysine residuc 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,

20
{0054] In another aspect, there is provided a method of selecting an influenza
vitus peptide for inclusion in a preventive or therapeutic influenza virus vaceine
comprising:

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

25 influenza virus;

(2) analyzing the hemagglutinin amino actd sequence of the at least one
isolate of cach strain of the plurality of strains of influenza virus for
the presence and concentration of Replikin sequences;

(3 comparing the concentration of Replikin  sequences in  the

30 hemagghutinin amino acid sequence of the at least one isolate of sach

strain of the plurality of strains of influenza virus to the concentration
of Replikin sequences observed in the hemagglutinin amino acid
sequence of each of the strains at least one earlier time period to

15
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provide the concentration of Repliking for at least two time periods,
said at least one earlier time period being within about six months (o
aboul three years prior to step (1);
(4) identifying the strain of influenza virus having the highest increase in
s concentration of Replikin sequences during the at least two time
periods;
(5) sclecting at least one Replikin sequence present o the strain of
influenza virus peptide identified in step (4) as a peptide for inclusion

i1 an miflacnza virus vaccine.

10
[0055] The present invention also provides a method of making a preventive
or therapeutic influenza virus vaccine comprising:

(1) identifying a strain of mfluenza virus as an emerging straim;

(2) selecting at least one Replikin scquence present in the emerging

15 sirain as a peptide template for influenza virus vaccine manufacture,

(3) synthesizing peptides having the amino acid sequence of the at least
one Replikin sequence selected in step (2), and

(&) combining a therapeutically offective amount of the peptlides of step
(3) with a pharmaceutically acceptable carrier and/or adjuvant.

20
[0056] In another aspect, the invention is directed to a metbod of identifying
an emcrging sitrain of influenyza virus for diagnostic, preventive or therapeulic
purposes cormprising:

(1) obiaining at least one isolale of cach strain of a plurality of strains of

25 influenza virus;

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

(3) comparing the concentration of Replikin  sequences i the

30 hemagglutinin amino acid sequence of the at lcast one isolate of each

gtrain of the plurality of strains of influenza virus to the concentration
of Replikin sequences obscrved in the hemagglutinin amino acid
sequence of each of the strains af least one earlier time period to
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provide the concentration of Replikins for at lcast two time periods,
said at least one earlier time period heing within about six months to
about three years prior {o 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] Tt yet another aspect of the invention, there is provided a preventive or
therapeutic influenza virus vaceine comprising at least one isolated Replikin present

in the hemagglutinin protein of an cmerging strain of influenza vius and a

pharmaceutically acceptable carrier and/or adjuvant.

[0058] Also provided by the present invention is a method of preventing or
treating influenza virus infcction comprising administering to a patient in need
thercof a preventive or therapeutic vaceine 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 aspect of the Invention there are provided isolated or synthesized
trypanosome peptides containing a Replikin sequence. The trypanosome 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 sccond lysine residue; (2) at

least one listidine residue; and (3) at least 6% lysine residues. (Trypanosome

Replikms).
MAILARIA
[0060] One trypanosome disorder which has proved difficult to treat and for

which therc is no cffective vaccine is malaria. Malaria canses much death, and
physical and economic hardship in tropical regions. Malaria is caused mainly by
Plasmodium falciparum, which has proved to be extremely resistant {o treatment and
to date, a vaccine for malaria has remained elusive, Thus there is a need 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,  All of the methods described above for production of and treatment
with Replikin virus vaceines and Replikin influenza virus vaceines are applicable to

the production of and treatment with Replikin malaria vaccines.

[0061] In the present invention, there are provided vaccines and methods for
preventing or treating malaria. The malaria vaceines comprise at least one isolated
Plasmodium falciparum Replikin. The present invention also provides methods for
treating or preventing malaxla comprising administering to a patient an effective
amount of proventive or therapeutic vaccine comprising at least one isolated

Plasmodium falciparum Replikin,

[0662] Also provided by the present invenlion arc antibodies, antibody
cocktails and compositions that comprise antibodics that specifically bind to a

Replikin or Repliking present in a malaria antigen of Plasmodium falciparun,

[0063] Another example of a trypanosome which may be treated under the
present invention as is the case for malaria, the Repliking of Treponema Pallidum

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

BACTERIA

{0064 In one aspect of the invention there are provided 1solated or synthesized
bacterial  peplides containing a Replikin sequence (bacterial Repliking). The
bacterial peptides comprise from 7 to about 50 amino acids including (1) at least
one lysine 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.
(bacterial Repliking). US Application Serial No. 10/105,232 filed March 26, 2002 is
incorporated by reference in its entircty, including but not limited to the bacterial

sequence histing and information.

[0065] The present invention also provides methods for detecting the presence
of a contaminating bacterial organism in a body sample or environmental sample
comprising:
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(1) igolating nucleic acids from the body sample or envirenmental
sample;

(2} screening the nuclelc acids for the presence of a Rephlan structure;
and

{3} correlating the presence of a Replikin structure with the presence of

the contaminating organisin.

[0066] In another aspect of the invention there is provided a process for
stimulating the 1mmune system of a subject to produce antihodies that bind
specifically to a bacterial Replikin sequence, said process comprising administering
to the subject an effective amount of a dosage of a composition compriging at least
one bacterial Replikin peplide. One embodiment comprises at lcast one bacteral
peptide that is present in an emerging strain of the bactenal organism if such new

slrain emerges,

[0067] The present nvention also provides anfibodies that hind specifically to
a bacterial Replikin, as defined herein, as well as antibody cocltails containing a
plurality of antibodies that specifically -bind to bacterial Repliking, In one
embodiment of the invention, there are provided compositions comprising an
antibody or antibodies that specifically bind to a bacterial Replikin and a

pharmaceutically acceptable carrier.

[0068) The present invention also provides therapeutie compositions
comprising ong or more of 1solated bacterial peplides having from 7 to about 50
amino acids comprising:
{1} at least one lysine residue located six to ten reswdues from a second
lysine residue;
(2) at least one histidine residue;
(3) at lcast 6% lysine residucs; and

(4) a pharmaceutically acceptable cariier.
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[G0G9] In another aspect of the inveation there is provided an antisense nucleic
acid molecule complomentary to a bacterjal Replikin mRNA  sequence, sad
Replikin mRNA sequence denoting from 7 to about 50 amino acids comprising:
() at least one lysme residuc located six to ten residues from a second
lysine residue;
(2)  atleast one histidine residie; and

{3) at least 6% lysine residues.

[0070] In yet anether aspect of the invention there is provided a method of
simulating the immune system of a subject to produce antibodies to bacleria
comprising administering an effective amount of at lcast onc bacterial Replilan
peptide having from 7 to aboul 50 amino acids comprising:
{1) at Jeast onge lysine residue located six o ten amino acid residues from
a second lysine residue;
(2)  at least one histidine residue; and

(3) at lgast 6% lysine residues.

[0071] In another agpect, there is provided a method of selecting a bacterial
Replikin peptide for inclusion in a preventive or therapeutic baclerial vaccine
comprising:

(1} obtaining at least one isolate of cach sirain of a plurality of straing of
the hacteria;

{2} analyzing the amino acid sequence of the at least one 1solate of each
strain of the plarality of strains of the bacteria for the presence and
concentration of bacterial Replikin sequences,

{3) comparing the concentration of bacterial Replikin sequences n the
amine acid sequence of the at least one isolate of each strain of the
plutality of strains of the bacteria to the concentration of bactenal
Replikin sequences observed in the amino acid sequence of cach of
the strains at least one earlier time period to provide the concentration
of bacterial Replikins for at least two time periods, said at least onc
carlicr time period being within about six months to about three years
prior to step (1), or earlier in rapidly mutating bacteria;
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indentifying the strain of the bacteria having the highest in¢rease m
concentration of bacterial Replikin sequences during the at least two
time pertods; and

selocting at Jeast one bacterial Replikin sequence present in the strain
of the bacterial peptide identified in step (4) as a peptide for inclusion

in the bacterial vaceine.

[0072] The present invention also provides a method of making a preventive

or therapeutic bactenal vaccine comprising:

(1) tdentifying a strain of a bacleria ag an cmerging strain,

(2)  sclecting at least one bacterial Replikin sequence present in the
emerging strain as a peptide template for the bacterial vaccing
manfacture;

(3)  synthesizing peptides having the amino acid sequence of the at least
one bacterial Replikin sequence selected i step (2); and

{4) combining a therapeutically effective amount of the peptides of step
(3) with a pharmaceutically acceptable carvier and/or adjuvant.

[0073] In another aspect, the invention is dirccted o a method of identifying

an cmerping strain of bacteria for diagnostic, preventive or therapentic purposes

COmMprising:

(1)

(2)

(3)

obtaining at least one isolate of cach 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
comcentration of bacterial Replikin sequences;

comparing the concentration of bacterial Replikin sequences in the
amino acid sequence of the at least one isolate of each strain of the
phurality of strains of the bacteria o the concentration of bacterial
Replikin sequences observed m the amino acid sequence of each of
the strains at least one carlier time period to provide (he concentration

of bacteria)l Replikins for at least two time periods, said at least one
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earlter tinte period being within about six months to about three years
prior to step (1); and

(4) dentifying the strain of the bacteria having the highest increase in
concentration of bacterial Replikin sequences during the at least two

Lime periods,

[6074) In yet another aspect of the invention, there is provided a preventive or
therapeutic bactenial vaccine comprising at least one isolated bacterial Replikin
present in a protein of an emerging strain of (e bacteria and a pharmaceutically

acceptable carrier and/or adjuvant.

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

Replikins.

Replikin in 30% ribosomal protein s6 of Mycobacterium leprae (leprosy) is:

ksimrtdlch

Repliking in the ATPase of Mycobacterinm tuberculosis are:
hprplvaaalldsyrlk
hprplyvaaalk

ksaglkwpdkflagaaqvah

Replikins in the B-D-galactosidasc of K. coli:
hawghgpk sk
hqgletlfisrle

Replikins in Agrobacterium tumefaciens:
hsdgglavmiaalaiddyk
hlldbpasveqgldlramlaveevkidnpvymek
hpasvgqlclll'am1el.veavk'iclnpvynﬁk
kevmaknenmkepaglttngeafngdpralagylmuniah
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knenikepaglitngeafugdpralagylmmiah
hhdtysiedlaqiihdakaarvrvivk
hdtysicdlaglihdakaarvrvivk
hdakaarvrvivk

5 lapgegakpgeggglpspkvtveiaaarggtpgvelvsppphh
kigggakpgegeqlpsphvtvelaaarggtpgvelvsppph
kasettktlasgamshgalvaaaheavahgtumvggmsnsgeggeh
kasertktlasgamshgalvaaaheavah
kaseitktlasgamshgalvaaah

10 kasertktlazgamsh
kryfpuvktpvegvifaviaqavadwh
hhiaaglgfeasavyplpvglracekfpadadkallo fakaaslkstmk
hhiaaglgfrasavyplgviracelkigadadkafkriakaaeksimk
hhiaaglgfpasavyplgvgfracekigadadicafiafakaaek

15 hhiaaglefgasavyplgvqfiaeekigadadicaflorfalc
hhiaaglgfgasavyplgvyfiacekfgadadk
hiaaglgfeasavyplgvqiracekfgadadkafkrfakaackslmlc
hiaagiglgasavyplgvgfraeekfgadadkaflrfaloaaelk
haaglgfeasavyplgvyiracek{gadadka ke fal

20 hiaaglgfeasavyplgvqiracekfgadadlk
kiglydaafekssegvefittkdgvgth

{0076] Also provided by the present inveniion is a method of preventing or
treating a bacterial infection comprising administering to a patient in need thereofl a
25 preventive or therapeutic vaceine 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.

FUNGUS
310 [0077] In one agpect of the invention there are provided isolated or synthesized
fimgal peptides containing a Replikin sequence. The fungal Replikin peptides

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

histidine residuc; and (3) at least 6% lysine residucs (fungal Repliking).

[0078] All of the methods described above for production of and treatment
with bacterial Replikin vaccines are applicable to the production of and treatment

with fungal Replikin vaccings.

[0079] In another aspect of the invention there is provided a process for
stimulating  the immune system of a subject to produce antibodies that
bindspecifically to a fungal Replikin sequence, sard process comprising
adminstering to the subject an effective amount of a dosage of a composition

comprising at least one fungal Replikin peptide.

[0680] The present invention also provides antibodies that bind specifically to
a fungal Replikin, as defined herein, as well as antibody cocltails containing a
plurality of antibodies that specifically bind to viral Repliking. In one embodiment
of the invention, there arc provided compositions comprising an antibody or
antibodies that specifically bind to a fungal Replikin and a phanmaceutically

acceptable carrier.

[0081] The present invention also provides therapeufic compositions
comprigsing one or more of isolated fungal peptides having from 7 to about 50 ammo
acids compnising:
(1} at least one lysine residue located six to ten residues from a second
lysine residue;
(2)  atleast one histidine residue;
(3 at least 6% lysine residues; and

(4) a pharmaceutically acceptable carrier.

[0082] In another aspect of the mvention 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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(H at least one lysine residue located six to ten residues from a second
lysine residue;
(2) at least one histidine regidue; and

(3 at Jeast 6% lysme residucs.

{0083] In another aspect of the invention there is provided a process for
stimulating the immune system of a subject fo produce antibodies that bind
specifically to a fimgal Replikin sequence, said process comprising administering (o
the subject an effective amount of a dosage of a composition comprising at least one

Replikin peptide.

INCREASING REUPLICATION

[6084] In yet another aspect of the invention there is provided a method for
increasing the replication rate of an organism comprising transforming a gene
encoding an cnzyme or other protein having a replication function in the organism

with at least one Rephkin structure.

DEFINITIONS
{0085] As used herein, 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. As used herein, "isolated" or
"synthesized" peptide or biologicatly active portion thereof refers to a peplide that is
substantially free of cellular material or other contaminating peptides from the cell
or tissuc source from which the peptide is derived, or substantially free [rom
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 mmino acid
sequence having 7 to about 50 amino acids comprising:
(1) at lcast one lysine residue located six to ten amine acid residues from
a second lysine residue;
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(2) al least one histidine residue;
(3) at least 6% lysine residues.
Suntlarly, a Replikin sequence is the amine acid sequence encoding such a peplide

of profetn.

[0087] As used herein, "emerping strain® as used hercin refers to a strain of a
virus, bacterium, fungus, or other organisms identified as having an increased
increasing concentration of Replikin sequences m one or mere of its protein
sequences relative to the concentration of Replikivs in other strams of such
organism.  The inerease or increasing concentralion of Repliking occurs ever a
period of al least about six months, and preferably over a period of af least about one
year, most preferably over a pertod of at least about three years or more, for
axample, in influenza virus, but may be a much shorter period of time for bacteria

and other organisis.

[0088] As used herein, “mutation” refers to chapnge in this structure and
propertics of an organism caused by substitution of amino acids. In contrast, the
term. “conservation™ as used herein, refers (o conservation of particular amine acids

duc to Iack of substitution.

BRIEF DESCRIPTION OF THE DRAWINGS
[0089] Figure 1 is a bar graph depicting ihe frequency of occwrence of

Repliking in various organisms.

[0090] Figure 2 is a graph depicting the percentage of malignin per nulligram

{otal membrane protein during anaerobic replication of ghioblastoma cells.

[0091] Figure 3 is a bar graph showing amount of antimalignin anlibody

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

[0092] Figure 4A is a photograph of a blood smear talken with ordinary and
fluoresecnt light. Figure 4B is a photograph of a blood smear taken with ordinary
and fluorescent light illustrating the presence of two leukemia cells. Figure 4C is a
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photograph of a densc layer of glioma cells in the presence of antimalignin antibody.
Figure 4D and Figure 41 are photographs of the layer of cells in Figure 4C taken at

30 and 45 minutes following addition of antimalignin antibody.

5 [0093] IFignre 417 is a bar graph showing the inhibition of growth of small cell

lung carcmoma cells in vitro by antimalignin antibody.

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

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

10
[0095] Figure 6 is a box diagram depicting an embodiment of the invention
wherein a4 computer is used (o carry out the 3-point-recognition method of
identifying Replikin sequences.

15 [609¢] Figure 7 15 a graph showing the conceniration of Replikins observed in

hemagglutinin of influenza B and influenza A strain, HINT, on a year by year basis

from 1940 through 2001,

{0097} Figure § is a graph of the Replikin concentration observed in
20 hemagglutimn of influenza A strains, H2N2 and H3N2, as well as an emerging
strain defined by its constituent Replifans, designated HAN2(R), on a year by year

basis from 1950 to 2001.

[0098) Filgure 9 is a graph depiciing the Replikin count per year for specific

25 Replikin strains.

[0099] Fipure 10 is a chart depicling the mean Replikan count per year for

nucleocapsid coronavirus isolates.

30 [0160] Figure 11 is a chart depicting the Replikin count per year for HSNI

Hemagglulinins,
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DETAILED DESCRIPTTION OF THE INVENTION

[0101) The identification of 2 new family of small peptides related to the
phenomenon of rapid replication, referred to herein as Repliking, provides targets for
detection of pathogens in a sample and developing therapies, including vaccine
development. In general, knowledge of and identification of this family of peplides
enables development of effective therapies and vaccines for any organism thal
harbors Replikins. Identification of this family of peptides alse provides for the

detection of viruses and virus vaccine development.

[0102) Far example, identification of this family of peptides provides for the
detection of influenza virus and provides new targets for influenza treatmoent.
Identification of this family of peptides also provides for example, for the detection
of malaria and provides new tlargets for malaria vaccine development. Further
examples provided by ihe identification of this family of peptides include the
detection of infectious disease Repliking, cancer immune Replikins and structural

protein Replikins.

[01063] Rapid replication is characteristic of virnlence in certain bacleria,
viruses and malignancies, but no chemistry common to rapid replication in different
orpanisms has been degcribed. We have found a family of conserved small protein
sequences related to yapid replication, which we have named Replikins,  Such
Repliking offer new targets for developing effeclive detection methods and
therapics. The first Replikin found was the glioma Replikin, which was identified in

brain glioblastoma multiforme (glioma) cell protein called malignin.

[0104] Hydrolysis and mass spectrometry of malignin revealed the novel 16
mer pepiide scquence which contains the glioma Replikin,  This Replikin was not
found in databases for the normal healthy human genome and therefore appeared Lo

be derved from some source outside the body.

[01035] We have devised an algorithm to search for the glioma Replikin or

homologue thereof. Homologues were not common in over 4,000 protein
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sequences, but were found, surprisingly, in all tumor viruses, and in the replicating

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

10106] We have identified that both 1) Replikin concentration (number of
Repliking per 100 amino acids) and 2) Replikin composition correlate with the
functional phenomenon of rapid replication. These relationships provide functional
basis for the determination that Replikins arc rclated quantitatively as well as

qualitalively to the rate of replication.

[0107] The first functional basis for Replikins role to rapid replication Is seen
in glioma replication. The fact that glioma malignin is enriched ten-fold compared
t0 the five-fold increase in cell number and membrane protein concentration in rapid
replication of glioma cells suggests an integral relationship of the Replikins lo
replication. When the glioma Replikin was synthesized i vitro and administered as
a synthetic vaccine to rabbits, abundant anthmalignin antibody was produced. This
establishes (he antigenic basis of the antimalignin antibody in serum (AMAS) test,
and provides the first potential synthetic cancer vaceine and the protolype for
Replikin vaccines in other organisms. With the demonstration of this natural
immune relationship of the Replikins to replication and this natural immune
response to cancer Replikins, which overrides cell type, based upon the shared
specificity of eancer Replikins and rapid replication, both passive augmentation of
this immunity with antimalignin antibody and active augmentation with synthetic

Replikin vaccines now is possible.

[0108] The relationship between the presence of antimalignin antibody and
survival in patients was shown in a study of 8,090 serum specimens from cancer
patients.  The study showed that the conceniration of antimalignin antibody
increases with age, as the incidence of cancer in the population increases, and
increases further two to  {hree-fold in carly malignaney, regardless of cell type. In
vitro, the antimalignin antibody is  c¢ylotoxic to cancer cells at plcograms
(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 immnsortal
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malignani state but remain quiescent or dormant, now can be distinguished from the
miore 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 ghoma glycoprotein 108 has a 50% reduction n
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
attachinent of virus for the delivery of virus Replikins to the 1013 of glial cells as a

stop in the transformation {o the malignant statc.

[0109] Qur study concerning influcnza virus hemagglutinin protein sequences
and influenza epidemiology over the past 100 years, has provided a second
functional basis for the relations of Repliking to rapid replication. Only serological
hemagglutinin and antibody ¢lassification, but no strain-specific conserved peptide
sequences have previously been described in influenza.  Furlher, 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 influcnza Replikins in one of each of the four major strains, influenza
B, (AHINT, (A)YH2N2 and, (AYH3IN2 is shown to relate fo influenza epidemics

caused by each strain from 1902 1o 2001,

[0110] We then showed that these increases in concentration arc due to the
reappearance of at least one specific Replikin composition from 1 o up to 64 yewrs
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 strains that would predominate in coming influenza seasons, nor
to devise annual mixiures of whole-virug strains for ancine& The recent shap
increase in FIAN2 Replikin concentration (1997 to 2000), the largest in FI3N2's
history, and the reappearance of specific Replikin compositions that were last scen
in the high mortality H3N2 pandemic of 1968, and in the two high mortality
epidentics of 1975 and 1977, but were absent for 20-25 years, together may be a
warning of coming cpidemics, This high degrec of conservation of Replikin
structures observed, whereby the identical structure can persist for 100 years, or
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reappear after an absence of from one to 64 years, indicate that what was previously
thought to be change 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.

[0311] The conservation of Repliking is not unique to influenza virus but was
also observed in other sources, for cxample in foot and mouth disease virus, type 0,

HIV tat, and wheat.

[6112] A third 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 roplication in HIV. We found the Rephkin concentration in the slow
growing low-titre strain of HIV (NS1, "Bru"), which is prevalent in early stage
infection, to be one-sixth of the Replikin concentration in the rapidly-growing high-

titre strain of AIV (81, "Lai"Wprevalent in late stage HIV infection).

{0113] Further examples demomstrate the relationship of Repliking to rapid
replication.  In the "replicating protein," of tomato cwrl leaf gemini virus, which
devastates tomato crops, the first 161 aminoe acids, the sequence that has been shown
to bind to DNA, was shown to contain five Replikins. In malaria, legendary for
rapid replication when trypanosomes arc released from the liver in the tens of
thousands from one trypanoseme, multiple, novel, almost ‘flamboyant” Replikin
structures have been found with concentrations of up to 36 overlapping Replikins

per 100 amino acids.

[0114] The conscrvation of any structure is critical to whether that structure
providcs a stable invariant target to attack and destroy or to stimulate. When a
structure is tied In some way to a basic survival mechanism of the organism, the
structures tend to be conserved. A wvarying structure provides an inconstant {arget,
which is a good strategy for avoiding attackers, such as antibodies that have been
generated specifically against the prior structure and thus are ineffective agamst the
modified form. This strategy is used by influenza virus, for example, so that a

previous vaccine may be quile 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 IV, for example, there has been a recent increase in drug-resistance from
9% to 13% doe to muiation, thal is subgtitution of non-Replikin amino acids. (See
detailed analysis of TAT protein of HIV discussed herein).  In bacteria, the
development of ‘resistant straing’ is duc to a similar mechanism. However, we have
found that Replikin structures do not mutate or change to the same degree as non
Replilin amine acids (see also discussion of fool and mouth disease virus
congervation of Repliking discussed herein; further see discussion of conservation of
coronavirus Replikins discussed herein). The Replikin structures, as opposed to the
non-Replikin structures are conserved and thus provide new constant targets for

treatment.

[¢116] Certain structures too closely related to survival functions apparently
cannot change constantly. Because an essential component of the Replikin structure
is 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 attractive a

targe! for destruction or stimulation.

{0117] From a proteomic point of view, inventors construction of a template
based on the newly delermined glioma peptide sequence led them to the discovery of
a wide class of proteins with related conserved structures and a particular function,
in this case replication. Examples of the increase in Replikin concentration with
virulenee of a disease include, influenza, HIV, cancer and tomato leaf curl virus,
This newly recognized class of structures is related to the phenomenon. of rapid
replication in organisms as diversc as yeast, algac, plants, the gemini curl leaf

tomato virus, FITV and cancer.

[0118] Replikin concentration and composition provide new quantitative
methods to detect aud control the process of replication, which is central to the
survival and domimance of each biological population.  The sharing of
immunological specificity by diverse members of the class, as demonsirated with
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antimalignin antibody for the glioma and related cancer Repliking, suggests that B
cclis and their product antibodies may recognize Replikins by means of a similar

recognition language.

f0119] BExamples of peptide sequences of cancer Replikins or as confaining a
Replikin, i.e., a homologue of the glioma peptide, kagvaflhkk, may be found in such
cancers of, but not limited to, the lung, brain, liver, sofi-tissue, salivary gland,
nasopharynx, csophagus, stomach, colon, rectum, gallbladder, breast, prostate,

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

0120} Replikins provide for: 1) detection of pathogens by qualitative and
quantitative determinations of Repliking; 2) treatment and control of a broad range
of digeases in which rapid replication ig a key faclor by targeting native Replikins
and by using synthetic Repliking as vaccines; and 3} fostering increased growth rates

of algal and plant foads.

[0121] The first Replikin sequence to be identified was the cancer cell
Replikin found in a brain cancer protein, malignin, which was demonstrated to be
enriched ten-fold during rapid anaerabic replication of glioblastoma multiforme
(zlioma) cells, (Figure 2) Malignin is a 10KDa portion of the 250 KDa glycoprotein
108, 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 peplide sequence, ylmgva{:"ll'ﬂckndidé (SEQ ID NO.:4), which is referred to
herein as the glioma Replikin and which includes the shorter peptide, kagvafihkl

(SEQ 1D NO.: 1), both of which apparently are absent in the normal human genome.
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16-mer peptide sequence ykagvaflhkkndide obtained
from malignin by hydrolysis and mass spectrometlry

Heg :!’fi:‘l-:r;;nlgnt I\/“[Hf ‘suﬁ;__enw leﬁé':tjmd By Which Fragment Obizined

i Tdentified | (1mase) Auto- Auto- Micro- Micro-

NO, hydrolysis | hydrolysis of | waved waved
of malipain % seconds | 30 seconds
malignin immobilized
free in o1
solulion hromaacetyl

: celluloge _

19 {13 381.21 | Oykal(g) +

20 1-5 537.30 | Qvkagv(a) T

T e 7 o S T

72| 27 59235 | (Vkagvat(1} | T - )

23 | 411 899.55 | (aygvalllik(n) i E

24 57 336,19 | (gvaf(1) +

25 6-7 237.12 ¢ (viat(l) +

26 6_”) - ()T:%::{ﬁ_m-(*{;jd-ﬁlmj ............................................. R -

27 610 61536 | (v)aillik(k) -

285|612 A0 | WAk ]

29 | 612 §57.50 | (vyafhkkn{d) | -

30 |78 279.17 | (2)A(h) + o

31 10-16 861.43 | (hkkndide() + 1

32 | 11-14 489.27 | (k)endi(d) + T

33 1215 | 4762« | ()ndid(e) ¥ : R

. — eabicemsesammoemme)
[0122] When the 16-mer glioma Replikin was synthesized and injected as a

synthelic vaccine into rabbits, abundant antimalignin antibody was produced.

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

concentration of antimalignin antibody m serum in vivo has been shown lo relate

quantitatively to the survival of cancer pationts. (Bogoch et al, Protides of

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

shown to be cytotoxic to cancer cells al a concentration of picograms (femiomolar)

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

(2002).
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10123] Studics carried out by tie inventors showed that the glioma Replikin is
not represented in the normal healthy human genome, Consequently, a search for
the origin and possible homologues of the Replikin sequence was undertaken by

analysis of published sequences of various organisms.

{0124] By using the 16-mer glioma Replikin sequence ag a template and
constructing a recognition proteomic system to visually scan the amine acid
sequences of proleins of several different organisms, a new class of peptides, the
Repliking, was identified. The present invention provides a method for idemifying
nucleotide or amino acid sequences that include a Replikin sequence.  The method
is veferred to herein as a 3-point-recognition method. The three point recognition
method comprises: a peptide from 7 to about 50 amino acids including (1) at least
one lysine residue located six to ten amino acid residues from a second fysine
residue; (2) at least one histidine residue; and (3) at least 6% lysine residues.
(Replikin). These peptides or proteins constitute a new class of peptides in species
including alpae, yeast, fungi, amoebae, bacteria, plant, virus and cancer proteing
having replication, transformation, or redox functions. Replikin peptides have been
found to be concentrated in larger ‘replicating’ and ‘transforming’ proteins (so
designated by their investigators, See Table 2) and cancer cell proteins. No

sequences were found to be identical to the malignin 16-mer peptide.
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Table 2
Examples of Repliking in various organisms - prototype: Glioma Replikin®
leagvaflhlk
(SEQ 1D No.:1)
[ Algac: SEGTH NG,
34| Caldophera prolifera Jeask ftkh
33 | Molepisprolifera — kagacigeficgh
Yeast: 36 | Sehizosaecharomyces pombe kstleypkkhk
37 | Oryza sativa leleaypnelhk
| 2| Saceh. eerevisiae ceplication binding protein bsikiolgiifdk
Fungi; 38 | Isocitrate tyase ICT LPenicilium marneffei kvdivthglk
38 { DN A-depencdent RNA polymerase 11, Diseula destructiva | kleedanyhride
40 1 Gphiostoma nevoe-ul LRNA In Dutch elm disease levilpiranikeiitkh
fungus R S,
Amoeba: 47 | Hntamocha invadens, histone H2R letillegdInkh
Bacterin 2 { Pribosamal protein replicatian factor, Helicobuster pylori | ksvhallk
Replicationsassocinted profein Staph. aureus
10 | Mycoplasina puimanic, chromosome replication klkeltthnl
43 | Macrophage infoctivity potentiator, k. legionella kvhifglie
90 | Bacillus anthracis Kihlisvlck
91 | Bacillus anthracis hvlkleekelknk
092 | Bacillus anthracis lhivicievk
93 | Bacillus anthracis Kkekkiledivahdallh
04 | Baciliug anthracis kwekikgh
95 | Bacillus anthracis kllgipppiepkkddiin
96 | Baciltus anthracis haryaspivesayllilnew.
knnigsdlikk
07 1 Bacillus anthraeis haveddyagylldkngsdiv-
tnskk.
28 | Bacillus andhiracis . hacrllovaknapl
Phints: 44 [ Arnhidopsis thaliona, prolifera ledhelfdpdk
45 | Arabidopsis thatiana, eytoplasmic ribgsomad kit glhglkah
46 | Arsbidopsis thalipna, A binding protein haelsstigelesh
Viruses: 9 | Replication associated protein A [Maize streak virus] kelklepskdeimrdiish
1t | Bovine herpes virus 4, DNA replcation profein hliniingglk
12 | Meleagrid herpeeviras 1, replication binding protein hledlyrilmlc
47 | Feline immunadeliciensy hitkdyldvie
3 | Foot and Meath Disease (0) hkykivapvlc
51 HIV Type ] kefneghkegl
T{HIV Type 2 kewnogkegh
99 | Smalt Pox Vires (Variola) ikhynnitwyk
100 § Small Pox Virus (Variola) Yysaigleeliil
101 [ 8mall Pox Virus (Variola) hyddvrikndivvarck
102 | Small Pox Virus (Variota) hrflelitdski
103 | Small Pox Vires (Variola) kerphnyyfel
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Tumor 48 | Rouy sarconta virus tyrosine-protain kinase Iekirhek
Virnses: 49 | v-yes, avian sarcomd kldrhdle

A0 1 eeyes, colon cancer, malignant melanema klklrhdk

51 | v-5reC, avian sarcoma Kklrbel

32 | g-yre, colon, mammary, panrcrealic cancer kkirhel

53 | Meuroblastoma RAS viral (v-ras) oncogene kqaheiak

54 | VPE(major capsid protein) [Polyamavirus sp.3 kthrfskh

5% 1 Sindbis lersTheltil

36 | B [Tuman papilloamaviens type 71) khrpllgik

A7 b v-orbl2 from ABY and c-erb Jesprahvi

58] vefinz (feling sarcoma) Jerihleldk

59 c-fimg (aeite and chronic myclomonacytic tumors) knihlekl

G0 | large t-antigen I [Polyomavirus sp.l kphlagslek

61 [ middle tsantigen [Polyomavins sp,l- kabrollkdk

62 | small tantigen [Polyamavirug spl, kghrelkdk

63 | v-abl, murinc zecute leukemia kvpvlisptllch

64 | Human Twcell lymphatropic virus type 2 ksiliovdicdish

G3 1 osleit, GE tumors, small cell lung carcinoma kagitimvlieyh

181 Hepatitis C hyppkpeeivpak
Trans. 66 | Transforming protein myb lesglehlgle
Farming 07 | Transforming protein rye, Bugkitt ypaphoma Lrreglkhk
Proteins: 68 | Ray-refated (TP -hinding protein kafevikvih

69 { Transforming prolein ras (teratocarcinoma) Ielelehtvick

70 | TRAF-associated NFP«kBH activator TANK kagkedhisk

71 RFP transforming proteie hlkrvkeikk

73 | Transforming prolein B (8.C.) kygapkhrlilc

73 { Pupilloma virus type 11, transforming protein Klickilglearfik

74 | Protein tryosine kinage (BC 2.7.1.112slk kgdhvkhykicl

75 { Transforming profein (axi{-}) keldrdvimvdrhike

76 | Transforming protein (N-myc) Ielggargekleieh

71 | Fibrablast prowth factor 4 (Kaposi sarcoima) Klegnevspioakvih
Caneer 78 1 Matrix melaloproleinage 7 {utering) keipihfik
Cell 79 t Transeription Factor 7-lile leldegahikk
Protetns: 20 | Breast cancer antigen WY-3R-87 kirhdplak

&1 1 BROA-T-Associated Ring Donain Protein (breast) Khhpkdalilk

2 1 'Antountigen from a hreast timor’ lehlerkk gk

83 | Glioma Replikin {this study) lagvallhlde

84 1 Ovarian cancer antigen khierkkirgk

85 | B L. leukemia kkksklhlelle

86 [ Profo-oncogene tyrosine-protein kinase C-ABLE hlssekpalpric

87 | Adenomatosis polyposis coli klelcepsrikpdusk

&8 t Gastrie concer transforniing protein kelldegnrvsptmkvth

_ 89 1 Transforming protein (B-RAS 213), lunyg khkekmsatdpklekkkiesk
[0125] Identification of an amino acid sequence as a Replikin or as containing

a Replikin, Le., a homologue of the glioma peptide, kagvaflhlkk, requires that the
three following requirements be met.  According to the three poiut recognition
systemi the sequences have three elements: (1) at [cast one lysine residue located six
to ten residues from another lysine residuc; (2) at least one histidine residue; and (3)

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

residues.
{0120] Databases were searched using the National Library of Medicine
keyword “PubMed” descriptor for protein sequences containing Replikin
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sequences. Over 4,000 protein sequences were visually examined for homologues.
Sequences of all individual proteins within each group of PobMed-classified
proteins were visually scanned for peptides meeting the three above-listed
requiresnents.  An infrequent occurrence of homologues was observed in “virus
peplides” as a whole (1.5%) (N=933), and in other peptides not designated as
associated with malignant transformation or replication such as “brain peptides™ and
“neuropeptides” (together 8.5%) (N=845), However, surprisingly, homologues were
significantly more frequently identified in large "replicating proteins," which were
identified as having an established function in replication in bacteria, algae, and
vituses. Even more surprising was the finding that Replikin homologues occurred in
100% of "tumor viruses" (N=250), in 97% ol "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
I carcinogenesis, 1.6., conversion of cells from a transformed albett dormant state to

a more virulent actively replicating state.

10127} Homologues of the following amino acid sequence, kagvaflhkk, as
defined by the three point recognition method, were found in such viruses, or viral
peptides, as, bul not Jimited to, adenovirus, lentivirus, a-virus, retrovirus, andeto-
associated virus, human immunodeficiency virus, hepatitis virus, influenza viras,
maize streak virus, herpes virus, bovine hexrpes virus, feline immunodeficiency virus,
foot and mouth disease virus, small pox virus, rous sarcoma virus, neuroblastoma
RAS  viral oncogene, polyamavirus, sindbis, human papilloms  virus,
myelomonocytic tumor virus, murine acute leukemia, T-cell lymphotropic virus, and

tomato Jeat curl virus.

{0128] Furthermore, homologues of the amino acid scquence kagvalhklk are
present in known classes of coronavirus, which are members of a family of
enveloped viruses that replicate in the cyloplasm of host cells.  Additionally, the
homologue of the amino acid sequence kagvatthkk are present in the recently
identified class of coronavirus responsible for severe acule respiratory syndrome, or
SARS. The replikin is located in the nucleocapsid whole protein sequence of the
SARS coronovirus. In addition, the location of the replikins 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.

JH129] Replikins are present i such bacteria as, but not limited to,
Acetobacter, Achromobacter, Actinomyces, Acrobacter, Alcaligenes, Arthrobacter,
Azotobacter, Bacillus, Brevibacteriuvm, Chainia, Clostridium, Corynebacterium,
Frwinia, Fscheria, ILebsiella, Lactobacillus, Haemophilus, Flavobacterium,
Methylomonas, Micrococeus, Mycobacteritun, Micronomspora, Mycoplasma,
Neisseria, Nocardia, Proteus, Pseudomonas, Rhizobium, Salmonella, Serratia,
Staphylococous,  Slreptocossus,  Streptomyces,  Stroptosporangium, — Strepio-

virticitlium, Vibrio peptide, and Xanthomas.

[0130] Replikins are present in such fungi as, but not limited to, Penicillinm,
Diseula, Ophiostoma novo-ulim, Mycophycophta, Phytophthora infestans, Absidia,
Aspergillus, Candida, Cephalosporiwm, Fusarinm, Hansenula, Mucor, Paccilomyces,

Pichia, Rhizopus, Torulopsis, Trichodema, and Erysiphe,

[0131] Repliking are present in such yeast as, but not limited to,
Saccharomyees, Cryptococeus, including  Cryplococcusneoformas,  Schizo-

saccharomyces, and Oryza.

[0132] Repliking are present in algae such as, but not limited to, Caldophera,
Isolepisprolifera, Chondrus, Gracilaria, Gelidium, Caulerpa, Laurencia, Cladophexa,
Sargassum, Penicillos, Halimeda, Laminaria, Fucus, Ascophyllum, Undar,

Rhodymenia, Macrocystis, Buchcuma, Ahmfeltia, and Pteroclasia.

[0133] Repliking are present in amocba such as, but not limited to, Entamoeba

(including Entamoeba invadens), Amocbidac, Acanthamoeba and Nacgleria,

[0134) Repliliins are present in plants such as, but not limited to, Arabidopsis,

wheat, rice, and maize.
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AUXILIARY SPECIFICATIONS

10135] To permit classification of subtypes of Repliking, additional or

“auxiliary specifications™ to the basic “3-point-recognition” requirements may be

added: (a) on a structural basis, such as the common occurence of adjacent di- and
5 polylysines in cancer cell proteins (e.g., transforming protein P21B(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 kinasc or

redox activity as seen in Table 2.

10 FUNCTIONAL DERIVATIVES
[0136] “Functional derivatives” of the Repliking as described herein are
fragmonts, variants, analogs, or chemical derivatives of the Repliking, which retain
at east a portion of the immunological eross reactivity with an antibody specific for
the Replikin. A fragment of the Replikin peptide refers to any subset of the

15 molecule. Variant peptides may be made by direct chemical synthesis, for example,
using methods well known in the art. An analog of a Replikin to a non-natural
protein substantially similar to cither the entire protein or a fragment thereof.
Chemical derivatives of a Replikin contain additional chemical moieties not
normally a part of the peptide or peptide fragment.

20
[6137] As seen in Figure 2, during anacrobic respiration when the rate of cell
replication is increased, malignin is enviched. That is, malignin ig found to increase
not simply in proportion to the increase in cell number and total membrane proteins,
but is enriched as much as ten-fold in concentration, starting with 3% at rest and

25 reaching 30% of total membrane protein.  This clear demonstration of a marked
inercase in Replikin concentration with glioma cell replication points to, and is
consistent with, the presence of Repliking identificd with the 3-point recognition
method in various organisms. For example, Replikins were identified in such
proteins as “Saccharomyces cerevisiae replication binding protein” (SEQ 1D NO.:

30 2) (heikrelgiifdk); the “replication associated protein A of maize streak virug” (SEQ
ID NO. 8) (kyiveareahk) and (SEQ ID NO.: 9) (kekkpskdeimrdiish), the
“replication-associated protein of Staphylococcus aweus” (SEQ 1D NO. 10)
(kkekithnk); the “DNA replication protein of bovine herpes virus 4" (SEQ ID NO.:
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11) (hkinitnggk); and the “Mealigrid herpes virus 1 replication binding protein”
(SEQ 1D NO.: 12) (hkdlyrlimk). Previous studies of tomato loaf curl gemini virus
show that the regulation of virus accumulation appears to involve binding of amino
acids 1-160 of the “replicaling protein™ of thal virus to leaf DNA and to other
replication protein molecules during virus replication.  Analysis of this sequence
showed that amino acids 1-133 of this “veplicating protein™ contain a replikin count

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

[0138] Table 2 shows that Replikin-containing proteins also are associated
frequently with redox fimctions, and protein synthests or elongation, as well as with
cell replication. The association with metal-based redox functions, the enrichment
of the Replikin-containing ghoma malignin  concentration during  anaerobic
replication, and  the cytotoxicity of antimalignin at  Jow concentrations
{(picoprams/cell) (Figure 4¢-f), all sugpest that the Repliking are related to central
respiratory survival functions, have been found less often subjected to the mutations

characteristic of non-Replikin amino acids.

[0139] Of particular interest, it was obscrved that at least one Replikin per 100
amine acids was found to be present in the hemagglutinin proteins of aimost  all of
the individual straing of nfluenza viruses examined. The Replikin sequences that
were observed to occur in the hemagglutinin proteins of isolates of each of the four
previlent strains of influenza virus, influenza B, H1NT, H2N2Z, and H3N2, for each
year that amino acid sequence data are availabe (1902-2001), are shown in Tables 3,

4.5 and 6.
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Replikin Sequeaces present in hemagglutinins of Influenza B viruses in each vear for which amine acid sequences were available {1940-2001 )

Table 3

Peal in Figure 7:

Inffuenza B RenlikinsYear Datected in Infivenza B soain

g3}

kshfanil {SEQ D NO. 104}

kshfanikotk (SEQ D WO, 103
kshfentlkgthtrgklepk (SEQ 1D NO. 166)
hekyeglnk (SEQ ID WO, 107}

hekygglaksk {SEQ ID MO, 108)
heliveglniskpyyteehak (SEQ D NG, 16%)
hakmignepiweek (SEQ ID ML 1L
hakaigncpiwvhpiklangtk (SEQ 1D NO. 111}

hakaignepivvkpiklangtiyrppek (SEQ ID WO, 112}
halmigpopivvkipiklengtiorppaklll (SEQ D NGO, 113)

kfafsithevk (SEQ IDNO. 119}
Wvweasgrskovikigslpligeadelh (SEQ ID MOy 123)
kpyytgehak (SEG ID N0, 134}
hovavaacdikstgesink [SEQ I NO. 128}

hgvavaadikstgeainkdtistgeaink {SEQ ID NO. 129)

1940843, 51,5%,75.76, 77 80 90,9397 98 59.060,01
194043 53 59,7574, 71.85,90,03 07 88 90 0,31

1940,43,51,59,75,76.77,89,90,93,97,98,99 00,01
1940,43,51,59,75,76,77,59,50,03,97,93,99,00,01
1940,43,51,59,75,76,77,89,90,93 97,98,99,60,01
1040,43,51,59,75,76,77,89.90,93,97,98,99,00,01
1940,43,51,59,75,76,77,89.90,93,97,08,99,00,01
1940,43,51 58,75,76,77.80,90,93,97.95,59,00,01
1940,43,51,59,75,76.77,89,90,93,97,63.5% 00,01

1940, 59, 90,93

040,43,  59,73,76,77,89,90, 93,99,00
1949, 59, £9,90,93,97,98, 01
1940, 59, 00
1544

ZEOOLO/5007 OM

SEGLIOEOOTSIN LD
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hzdneigmvidyedsk (SEQ D NO. 116)
hudnsigdkmvldvedskogk (SEQ ID NG, 117)
kvgelnkshpyyteeh (SEQ DN, 122)

komgtipsakasiihevk (SEQID NO_ 1251 1943, 73,76,77, 93
kivedskpchfissengvith {SEQ ID NC. 130 1943, 73,7877, 03,07, 040
hsdaeigmaklyedskook (SEQ D NO, 133} 1943, 75,7677, 93
hfanlkoqoek (SEQ [0 WNO. 132} 1935
hfanlkgtkirgk (SEQ 1D NO. 114) G676, B904, 54.00,01
hfanlketlreilcpk (SEQ D NO. 115) E9’;'6= | (30,03
kprsailccketh (SEQ 0. 1330 1938
ketgtipsakasilhevk (SEG IDNO. 1210 1993
hovinaskapeepvh {SEQ D MO, 126} 199397, HE
hsdretgreaklvedsk (SEQ IDNO. i27) P003 87, L
hsdneicmvidyedskpgk (SEQ DO, 118) 1997 98, G0
lctetipsakasith {SEQ [ NG, 1207 200
kskpyyteehakai(gialncoiwek {SEQTD NG, 134 2000

1. Influenza B bas pot been responsible for eny human paademic,

AL R

th

L]

. Abbreviation for vears: a.g., 43" = 1943, "017 = 2001,

. The first year thet a given Replikin appears is indicated at the begirning of the series of vears in which that Repfikin has been found.

Orverlapping Replikin seanences are lsted separately.

- Retum of zeplikins, absent for severat vears, inthe two yoars before the epidemic of 1977, underlined, comrelates with

ereased total Replikin copcentration (Replikin Count = munber of Repliléns per 100 amine acid residuss). See Figme 7.
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Table 4

HINT Replikin Seguences present ju HINI hemagglutinins of influsnza viruses in each year for which araino acid sequences were avatizble {391 8-2000)
HINI RepiilinYear Detected in Fifluenza -
Hixl Stram

Peakin Flgure? :  Pi El Eil. 1.2 13 El4 i
bp{ it gecplov{n RS0k (SEQ ID NG 135 19182538 30,31.33,47 48,51,52,35,56 57,55,63,77,75,80,5 [ 85,57 88,89 91 92,95 95,97.68 99,00
hosavimbwe'Ddedlriin/ielilnnak (SEQ YD NG 1363 1918, 283431, T779,540, 88, 93 93, 98
hdsnviknlyle’glb{&)nisiqik (SEQID NG, 137 1988, 283831, FLI%EN, B3, 9, 95, 93
hkefnniddiateomesvirkngndyplyseeskinre(eiidevk (SEQ ID NG, 138) i915, 30, 35, i3I, 84, L
bke(nnfdd)arelumesviringndypkysessk {SEQ D ND, 1299 1938, 3, 35, FIOEQ, 93
banie/g)qgsgvaadqkstgnai(di)gimbornsviskmniqfiavgke kiek (SEQ ID NO. 1400 31918, 2530,31.35, 5%, I9 Q5
hqnl:e.-’g]qgsg}'aqu!@tqnai{@"njgi&lﬂmwiek (SEQ D MO, 141} 1938, 28333135, 5, 18 o3
kgnie’glqzsgyaadqisignaiidm)gmk (SEQID NG, 143 1318, 25333135, 39, 79, a3
kigifpkisswonh {SEQ 1D MO. 143) 1918, i
keelm/s/sypldin'siksy(vimakekevivingvh (SEQ D NO. 144 I31E, 35, 77, 98
Esylwankgkevivlwgvh {§EQ IDNO. [45) 1918, 33, 3. 95
#kenonecmesvimetydyphyseeskinrelidevk {SEQ TDHNG. 144) 1928, 31, 5]
hkeanecmesvknghydypkysessk (SEQ ID MO. 147} rs2s, 31, @3
hikcanecmesvkegiydypk (SEQ ID 0. 143} 1928, 21, 93
kkennecmesvik {SEQ D NGO, 149) 1928, 33, 95

haghkssBAlTntlwlde/gdmzlypnisks nnnkek (SEQ D NO. 1503 1528, a3
hnghssfylleTmilwh{e/'imalymmisksynvmnk (SEQ D W0, 151) 1928
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bnglssty(kinllvit(e/glknghvpnlsk (SEQID NG, 152)
imgkssfiy(kTinlleitledgik {SEQ D N0 [53)
kssfyknlbwitekngivpnisksyennkekeviviwgvh (SEQ ID MO, 154}
Imliwlieknghypalshsvnmekekevlviwovh (SEG ID O, 155)
inzlypnlskeyvnnbskeviviwevh (SEQ I NG 158)
ksy{wiglonbekev(V- v lwevh (SEQ ID WO 237

kesswpnbiak (SEQID MO 135}
hetlir)kgvtazepyasassfvmnlbelvkiensypldskswnnk (SEQ ID MO. £59)
het{znkgvizacpyvagassimbiwlvidiensyplisk {SEQIDNOC. 160)
Eieifpkisanpreviviwgvh {SEQ D MO, 6]

ferswpkh [SEQ ID MO, 1632}

Klsksvwmrnkekeviviwgvh (SEQ D NG 163}

knonkekevivlwgvh (SEQTD NG, 164)

Mg ksshrEnlwleekng{shvprntiisksvannkek [SEQ D NG 165)
blhine e i keshdrKini lwleek (SEQ D WO, 1653
hakhssfvk (SEQ ID KO, 167

timgilerikek {SEQ D NO. 188)

byldan(gigiick (SEQ ID MO, 169
bdiyrdeaimerfyiqevklaagvk (SEQ ID WO, 1700
kengefeifhk (SEQ 1D NO. 171}
Elnsliehkindbvhgiek (SEQ IDMO. 1723
iénrtekinélvh (SEQ ID MO, 1733
kehtdkeslsitk {SEQ D NO. 178
kinngdvaklyiwgvh (SEQ D MO, 175}
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haghlerkgispiqiek (SEQ IR NO. 176)
heintgutazcpyagenstinlinvickessyoklsk (SEQ ID HO. 177
hemrgvizacpvezansifmlinlvkkessypk (SEQ [D MO, 178)
hppessdggslvanadayifegssknridk (SEQ ID NO. 1793
Bppesiéqaslvanadayifvgsskomekikpsiz (SEQ ID MNO. §184}
hdideaisnrfigevistgevk (SEQ D RO, 181)
hgneqeegveadghaignaidgimlomsviekmmigfiavgk (SEQ ID NO.L 182)

haneapspyeadgkstqraideimkvesviek {SEQ D N0 183)

haneqesgyazdqksigrainmmionsviekmatgfavekefulkdelk (SEQ 1D N0, 154)

hrgkleilkeiaplaleh (SEQ ID NG 185)

hkennecmesvk {SEQHID NO. 186)

kfeifokasswonh (SEG D NO. 187}
hdsnvlmiveltssglmaak (SEG ID NOL (8)
kvosvikkmntgfaavgkefnh (SEQ ID WO 189}
fbnelkick (SEQ ID MO, 190}
kketsvpliskswthnkglkevivbeovh [SEQ D N0 193
kgtsypklshsythnkekevtvluwgvh [SEQ D NO. 192}
Klsksythakgkevlviwewh (SEQ 1D MO, 193)
ksythnkgkevhlwgvh (SEQ ID NG, 194)

kevtaseshk (SEQ ID NO. 1953
Egvtazeshkmrssfmiledtakagbvprisk [SEQ D W0, 198)
kensypklstsrvnekekeviviwegih (SEQ ID MNOL 1971
kefahlek (SEQ ID MO, 198}

Bppitdoqslvgnadeyy brgsstomlddkpetatrph. {SEQ T WO, 198

ﬁ
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bpptsidggslyanadayvivesskomidah (SEQ 1D 1O, 2007
hegheshmllwltekepsypliknsvnk (SEQ [D NG 201}

Bezghsshmilwlekegsypk (SEQID NG, 2023

hlicdnecmesvmetydvphyseesk (SEQ I MO, 203)

kesswpohteik (SEQ ID MO, 202

knbwltelmeglyontskeyvrnkekeiiviwavh (SEQ 1D NG, 269
haghesSiimyn - Hhwltle/s)-knalypnisk (SEQ ID NO. 206}

hoglhssfybmibwiek ($EQ N0 207
hivikgviescshaghesfyknilwhielnglvprlsksrvnnkekevlsiwevh (SEQID MO, 208)
ot{kfg) gvit'siascshngksshl Kim(n- e i(el/gikl kgl wmisk (SEQ 1D WO, 209}
hivtkgviascshaghssivknileitek [SEGQ IDNO. 210)
kyvrstklrmvtglmipsigsrgifsaiagfespatomidesyeyh (SEQ D NO. 21D
bonsqgsgvaadghstonzingimbomstiskmntqfievgk {SEQ D NG, 210)
hgnecgsgveadgkstgnaingimbonsiisk (SEQ D N0 213D
bqreqgssyazdalstoneingitak {SEQ ID NG, 21
hsgarsfymlbvivkkomsyek (SEQIDNO. 215
fsgarsiyrnliwividinsypllak (SEQ ID NO. 2163

A3

r

hsgarsfymliwividignsypiinksytndk {SEQ D N0 21T
hsgarsiyrnliwivikgesypklnhsvindkgk (SEQIDNG. 218)
htvskgitseshagh (SEQ 1D 0. 219}

Eatswpnhetik (SEQ ID MO 226)

bovitseshngle (SEQ D NO. 221}
Yonsypkinksyindkekevivivgvh (SEQ 1D NO. 222)
Kinksytndkgheviviwovh (SEQ D N0, 223)

2]

1981
1954
1991
1941,932

199882, 96

199192, 96

199492,
19

>

95
43
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ksyndkakeviviwavh (SEQ ID NO. 224}

hagisshrmilwielg¥melvprlsksy(vialannkek (SEQ D NO. 225
hpitigecphkyvrsak (SEQ 1D N0, 226)

kareqesgyazdkstanaingimiomsvickmntafiavgk (SEQ ID 0. 227)

haneagsgyaadabstonaingitniomesiek (SEQ ID R0, 2283

hnzkssfimnlbwlrekngivpnisksyvanksk (3EZQ D NO. 225

AU
199753 00
1997

L&D

iy
199%

[ral o

=

—

£

=

b

Influenza H1791 was responsitte for the keman pandemic (zlobz] disttizution) of 1018,
Abbrevistion for years: eg. FR07 = [996.
The first vear that a given Replikin sppears is indicated at the beginning of the series of years in which that Replifdn Ras besn found in this work.

Creeslapping Replikin sequenees are listed separately.

Ircrease in momber of new Replifin structures occurs in years of epidemics (waderlined): ex. J878 and 1977 and correlates with Increased total Replikin concentraiion fnumbar of

Bepliking per 100 eming acid residues), See Figure 7.
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Table 3
Repiikin Sequences present i hemagglutining of Infinenze HINZ viruses in yezrs 1957-2000

Tnfivenza H2NZ? BeplitinsYear Detected in InfBucaze H2N2 strales

(Peakin Figne & PF Fory

e

LEONTO/S00Z O

Khfekvkilok {SEQ D NO. 230) 1957,58,59,60,61 64 65.68, T8,53,3¢,91
Khlissykhfekvk (SEQ D NG. 231) 1957,58,59,60,61, £3,8451
he(kig/m(df)ilekthagk (SEQ ID NO. 2323 1357,58,59,60,61,64,65.68, 78,83,84,81, 93
ha(ligimy(diilelahngkic(lrt (SEQ ID NO. 231 1957,58,50,63,61,64,65,68, 78,83,8501, 5%
buvhpltigecployvksek (SEQ D NO. 234) 1957,58.59, 6568

hpiiigecphyvkeak {SEQ N0 235 1957 32859, 55.68,64.65,63,75,83,84 51
Yhllssvihfelokilpk [SEQ 1D N0, 256} 1957,58,30.00,61,64,65 68, TE
krgssgimbtegtiencethegtelgainttlpfovh {SEQID MO 237) 1957, 39, B3
kgsnypviak{gilsynatsgeamlitwg(wijh (SEQG D “IG 238} 18575859, 01, T R
hitiggsracavegnpsfmmvwizehesavpvak (SEQ T MO, 239) 1957

khfekvic (SEQ ID N0, 2403 1557, 5%, %)
kjskrgss:q'mictegﬂencétkcqtp%gamﬁépﬂl [SEG D NO. 241) 957, 39, a3, 93
krgssmmkieptiencetkeqtplzaintdpth (SEQIDNG. 240 %, 39, 63, of
kregtiencetheqiplgainttipfh (SEQ ID MO 2433 1957, 5%, 43, ¥

kiskrgssgimbkeegiiencetkeatpigaintipih (SEQ ID NO. 244} 1937 3%,

[

2E

kiegtlencethogpizainttiofien(+Dh (SEQ D MO, 245} 1957, 59, 63, a1
Kishrosseimddegtiencethoqipleaintiloth {SEQ 1D NG M6} 1957, 3% &3, o1
kle'gismyovakgsynasgeqmlitvovh {SEG ID NG, 247) e arR &, [k
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hpdtigecplorvksel (SEG D MO 248 1957, 69, 83
kegrolzaikntpfh {SEQ 1D N0, 2400 1857, §3
hhendopegvasdkesiokal fideimbvrsviek-

~mntgavekifinisnickleninkk (SEQ IDNG. 250 180F, 0558, 53,54
hsndggeryaadkestaka fidginlomsviel-

-tmntgieavgidinisinielleninkk (SEQ ID NO. 2518 10GE, 63, 88, a3.84
bsadeesgveadhestqghalfitdgimle {SEQ IO NG, 252 10GL, 6%, g%, 83,54
hdsnvenbydbvrmglednak {SEQ 1D NO. 253 1944, a874, 24,91
hkeddecransvkngtyd ypkinmeikevk (SEG ID WO, 254) 1994,03,498,70, 23,8491
Blkeddscrnsvhagtydypkinmeik (SEQ D WO 255) _ 1954,55.68,78, 53,84M
hkeddecmnevhkngtydvpk (SEQ ID MO, 2553 1944 53,68 76, 83,8401
bkeddecmnsvk (SEQIDNQ.25T) 1940£ 65 .65,70, 338491
kgsnyvpvakgsynnmgegiitivevh (SEQ IDTNO. 258} POT6,TE
hsndggsgyzadiestghavd ginlomsvickmniofeavgh (SEQ D MO, 239} 1970, 91
brgssgimktegilencethogiplazinatlpih (SEQ ID MO, 250} 1974,78, 83,84
hpitigecployvksek {SEQ D NG, 2610 1679
hakdidekthngkick (SEQ 1D MO, 2620 1574
i Infivenza B2N2 was responsible for the human pendemic {giobal dismibution) of 1957,

2. Abbreviztion for years: ex. “387=1938.
3. The first vear that 2 given Replilin appedrs is indicated at the beginniog of the series of yests in which that Replikin has been found.in this work,

DEGLIO/FOOTSIL)GA
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Onverlapping Replikin sequences are lsted separatety.
Increass in aumber of mew Repijkin structures oecurs in years of epidemics (underlinedy: eg, 1957 2nd 19635 zrd correlates with increzsed total Replikin concen tration (number of

Replildns per 103 amino acid residues). Sze Fiours §.
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Table &
H32 Replikin Sequences presant in HIN2 hemaggiutining of Influenza viruses it each vear for «which zming zcid sequences were availatie {1963-2005)

Influenza HIM2 ReplikinsYear Detected in Influenza H3N2 strain Influenza Replikins

LEOOTH/S00C OM

{Peakin Figure 8: P3 E3 Ed}
hdvyrdealnnefoihgvelksgyk {SEQ ID NG, 263) %6872, 73 95,97 93
heditdsemnkifertk (SEG ID NC. 264) 1963
Efhgiek (SEQ D MO, 265) I96e 72, 73, 77 96,9798
kinekfh(giglick (SEQ ID NO. 266) 1963 86 0%
ElorwTiiekenekih {SEQ D NO. 26T 196871, I35 I 97,95
hgiekefsevegrigdlekyvedtk {SEQ D NO. 268) 196873, o8
kicnnphk (SEQ IO NO, 2693 1975
¥mrvikdemeldh (SEQ D NO. 270} 1873
ka3 viyrdeabarfgikie/q ve{r'kis(o/ghyk (SEQ ID NC. 271} [975. 76,77, 56
hagickefsevegrigdiekyvedtk (SEQ D™D, 272} E375
kyvedilkidlwsynaelivalengh {SEQ ID NG, 273) 1975
kyvhkqnslkiatgrumvpekqbrgl feaiagfienpwepmidgwyeith {SEQ ID 190, 274} 1973
kefsavegriodlekyvedikidlweynasiivalengh (SECG I NO. 275 1573 2009
han{s'e)e/qg(t’s)s(g vIaad{ghlk-
-stqlain)ali dlgf g in i enidlvn(rfs)vdel/clk {SEQ ID NO. 276} 1975 2060
bed{gfg)a sinekowd i v, Dersiti (SEQ ID MO 277 1973.76,77. T8 B0, 81,82, 83 84,85 586,88,85,90.91,92,93,94.95. 95,97 98
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htiditdsernakklfertrk {SEQ ID NO. 278} 1977,

ksgshypvlkvimpandnfdklyiwevh (SEG IR 20, 379) 1977

Eowhlsgntypvinvimprndafdklviwevk (SEQ ID %0 2803 1982

htiditdsemnklfekirk {SEQ ID WO, 281) ' 1986

klrliekineldhqiek (SEQ D X0, 282 1957

htzkssvinrsdapidfensecitprgsipndkpfonvokitygacpk (SEQ D WO, 233) 1994
ighssvirsdapidfensecitprasiprdhkpfonvek (SEQ ID NO. 284) 1904

hpstdsdgtshrvrasgratvsthzsgatvipk (SEQ ID NG, 283) 1954

Iyvedtkidiesynaellvalench (SEQ [D MO, 288}

Elferithglrenasdmegngeflkivh {SEQ ID MO, 287

krrsiksifsrlnwih (SEQ D NO. 288)

hpvtigecpkny{vinikstk {SEGIDNO. 239} 2G040

kensypkistdsksyiinkkkeviviwgih (SEQ ID NO. 205 2000

Liskishs(v/viinkhkkeviviwgih {SEQ ID NG 251} 2000

Elsks{viyiimlddcevlviweih {SEQ ID N0, 2920 200

TENDLH/SH0T DM

=4

Fufluenza HANZ was responsivle for the human pandemic (global distmbutonf of 1563,
Abbreviaiion for vears: eg. ¥777 =1977.

‘The first vear that a given Replikin appears is indicated at the beginning of the series of years in which that Replikin has been found.

LT

Orverlapping Rephilin seguences are isted separatety.

Lh

Hcrease in number of new Replikin structares occurs In vears of epidemdcs (underlined) « eg. 1973 and correlates with increased total Rephkin concentration

{mumber of Repiikine per 100 amino acld residuesy. See Figure 8.
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[G140] Both the concenfration and type, i, composition of Replikins
observed, were found to relate to the occwrence of influenza pandemics and
cpidemics. The concentration of Replikins in influenza viruges 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 year by year over the past century, i.e.,, 1900 to
2001. These Replikin concepirations (number of Replikins per 100 amino acids,

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

[0141} The concentration of Repliking was found to directly relate: to the
oceurrence of influenza pandemics and epidemics. The concentration of Repliking
found in influenza J3 hemagelutinin and influenza A strain, HINIL, is shown in
Iigure 7, and the conceniration of Replikins found in the two other common
influenza virus A straing, F2N2 and H3N2 is shown in Figure 8 (FI2N2, H3N2).
The data in Figure § also demonstrate an emerging new strain of influenza virus as

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

[0142] Zach influenza A strain has been responsible for one pandemic: in
1918, 1957, and 1968, respectively. The data in Figures 7 and 8 show that at lcast
one Replikin per 100 amino acids is present in each of the influenza hemagglutinin
proteins of all isolates of the four common influenza viruses examined, suggesting a
function for Replikins in the maintenance of survival levels of replication. In the
1990s, during the decline of the H3IN2 strain, there were no Repliking in many
isolates of HAINZ, but a high conceniration of new Repliking appeared in H3N2

isolates, which define the cmergence of the HAN2(R) strain.

[0143] Several properties of Replikin concentration arc scen in Figure 7 and
Figure § to be common to all four influenza virus strains. First, the concentration is
cyclic over the years, with a single cyele of rise and fall occwring over a period of
two to thirty years. This rise and fall is consistent with the known waxing and
waning of individual influcnza virus strain predominance by hemagglutinin and
neuraminidagse classification.  Second, peak Replikin concentrations of each
influenza virus sirain previously shown to be responsible for a pandemic werg
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observed 1o relate specifically and individually to each of the threc years of the
pandemics. For example, for the pandemic of 1918, where the influenza virus strain,
H1N1, was shown to be responsible, a peak concentration of the Repliking in IT1N]
independently occurred (P1); for the pandemic of 1957, where HZN2 emerged and
was shown to be responsible, a peak conceniration of the Replikins in M2ZN2
oceurred (P2); and for the pandemic of 1968, where H3N2 cmerged and was shown
to be the cause of the p;—mci‘emic, a peak concenfration of the Repliking i I13N2
ocourred (P3). Third, in the vears immediately following cach of the above thice
pandemics, the specific Replikin concentration decrcased markedly, perhaps
reflecting the broadly distributed immunity gencrated n each case. Thus, this post-
pandemic decline is specific for FIIN1 imniediately following the pandemic (P1) for
which it was responsible, and is not a general property of all strains af the time. An
increase  of Replikin  concentration in influenza B repeatedly occurred
simultaneously with the decrease in Replikin concentration in HINI, e.g., BBl in
1951 and ER2 in 1976, both associated with influenza B epidemics having the
highest mortality. (Stuart-Haris, ot al, Edward Amold Lid. (1985). Fourth, a
secondary peak concentration, which exceeded the primary peak increasc in
concentration, occurred 15 vyears after each of the three pandemics, and this
secondary peak was accompanied by an epidemic: 15 years after the 1918 pandemic
in an HINT ‘cpidemic’ year (31); eight years after the 1957 pandemic in an HZNZ
‘epidemic’ vear (E2); and oceurred seven years after the 1968 pandemic in an H3N2
‘epidemic’ year (E3). These s.econdary peak concentrations of specific Replikins
may reflect recovery of the strain. Fifth, peaks of each strain’s specific Replikin
conceniration frequently appear to be associated with declines in Replikin
concentration of one or both other strains, suggesting competition between strains
for host sites. Sixth, there is an apparent overall tendency for the Replikin
concentration of cach strain to decling over a period of 33 years (LI2N2) to 60 years
(influenza B). This decline cannot be ascribed to the influcnce of vaceines because
it was evident in the case of influenza B from 1940 to 1964, prior to common use of
influenza vaccines, In the case of influenza B, Replikin recavery from the decline is
seen to gceur after 1965, but Replikin concentration declined again between 1997
and 2000 (Figure 7). This corrclates with the low oceurrence of influenza B in
recent case isolates. JINI Replikin concentration peaked in 1978-1979 (Figurc 7)
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together with the reappearance and prevalence of the HINI strain, and then peaked
in 1996 coincident with an MINI1 epidemic, (Figure 7). HIND Rephkin
concentration also declined between 1997 and 2000, and the presence of FINI
sirains decreased in isolates obtained during these years. For H2ZN2 Replikins,
recovery from a 35 year decline has not occurred (Figure 8), and this correlates with
the absence of H2N?2 from recent isolates. For H3N2, the Replikin concentration of
many isolates fell to zero during the period from 1996 to 2000, but other F3N2
isolales showed a significant, sharp increase in Replikin concentration.  This
indicates the emergence of a substrain of H3N2, which js designated herein as

FIIN2(R).

{0144] Figures 7 and 8 demonstrate that frequently, a one to three year
stepwise Increase is observed before Replikin concentration reaches a be:-llc. This
stepwise increase proceeds the occurrence of ap epidemic, which occurs
concurrently 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 cpidemic or pandernie.

[0145] Currently, Replikin concentration in the H3NZ(R) strain of influenza
vires is increasing (Figure 8, 1997 to 2000). Three similar previous peak increases
in H3N2 Replikin concentration are seen to have occurred in the H3IN2-based
pandemic of 1968 (Figure 8), when the strain first emerged, and in the H3N2-based
epidemics of 1972 and 1975 (Figure 8). Bach of these pandemic and epidenics was
associated with excess mortality. (Ailing, ct al., Am J. Epidemiol.,113(1):30-43
(1981). The rapid ascent in concentration of the H3N2(R) subspecics of the H3IN2
Rephiking in 1997-2000, therefore, statistically reprosents an early waming of an
approaching scvere epidemic or pandemic. An H3N2 epidemic oceurred in Russia
in 2000 (Fipure 8, E4); and the CDC repott of December 2001 states that currently,
H3N? is the most frequently isolated strain of influenza virus worldwide. (Morbidity
and Mortality Weekly Reports (MMWR), Center for Discase Control; 50(48):1084-
68 (Dec.7, 2001).
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NE In each case of influenza virus pandemic or epidemic new Replikins
emerge.  There has been no observation of two of the same Repliking in a given
hemagglutinin in a piven isclate. To what degrec the emergence of a new Replikin
represents mutations versus fransfer from another animal or avian pool is unknown.
In some cases, each year one or more of the original Replikin stracturcs is
conserved, while at the same time, new Repliking emerge, For example, in influenza
virus 1B hemagglutinin, five Replikins were constantly conserved between 1919 and
2001, whereas 26 Repliking came and went during the same penod (some recurred
after several years absence). The disappearance md re-emergonce years later of a
particular Replikin structure suggests that the Repliking return from another virus

host pool rather than through de novo mutation.

[0147] In the case of HINI Repliking, the two Repliking preseat i the P1
peak associated with the 1918 pandemic were not present in the recovery B1 peak of
1933, which contains 12 new Repliking. Constantly conserved Repliking, therefore,
are the best choice for vaccines, cither alone or in combination. However, even
recently appearing Repliking accompanying one year’s increase in concentration
frequently persist and increase further for an additional one or more years,
culmiinating in a concentration peak and an epidemie, thus providing both an carly
warning and time to vaccinate with synthetic Repliking (see for example, IIINI in
the early 1990's, Filgure 7; see also, for example, H5N1 1995-2002, FIGURE 11,
“Replikin Count” (number of Repliking per 100 amino acids) refers to Replikin

concentration).

[0148] The data in FIGURES 7, 8 and 11 demonstrate a dircet relationship
between the presence and concentration of a particular Replikin in influenza protein
sequences and the occurrence of pandemics and epidemics of influenza.  Thus,
analysis of the influenza viras hemagglutimin protein sequence for the presence and
concentration of Repliking provides a predictor of influenza pandemics and/or
epidemics, as well as a target for influenza vaccine formulation. It is worth nothing
again (sec paragraph [0109]) with reference to this data, previously, no strain-

specific chemical structures were known with which to predict the stramns that would
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predominate in coming influenza seasons, nor to devise annual mixtures of whole-

virus strans for vaccines.

[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
epidemics, the increase in Replikin Count of the coronavirus nucleocapsid profein
has also been identified. Replikin Counts of the coronavirus nuclcocapsid protein
has increased as follows: 3.1 (::1.8) 1 1999; 3.9(x1.2) in 2000; 3.9 ¢£1.3) 0 2001,
and 5.1 (£3.6) in 2002. This pre-pandemic increase supports the finding that a

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

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

Repliking as observed in both influenza and coronavirus strains.

[0151] Figure 10 depicts the automated Replikin analysis of nucleocapsid
coronavirus proteing for which the protein sequence is available on 1solates collected
from 1962 to 2003. Rach individual protein is represented by an accession number
aud s analyzed for the presonce of Repliking, The Replikin Count (number of
Repliking per 100 amine acid) is automatically calculated as part of the automated
Replikin analysis. For each vear, the mean (£ Standard deviation (5.D.)) Replikin
Count per year is automatically calculated for all Replikin Counts that year. This
example of eawrly waming of increasing replication, before an epidentic, of a
particular protein (the nucleocapsid protein) in a particular virus strain (the
coronavirus) is comparable to the increase seen i strams of influenza virus
preceding influenza epidemics and pandemics (FIGURES 7, 8 andd 11). Tt may be
seen that the Replikin Count rose from 1999 to 2002, consistent with the SARS
coronavirug pandemic, which emerged at the end of 2002 and has persisted into
2003. Figure 9 provides a graph of the Replikin Counts for scveral virus strains,

including the coronavirus nucleocapsid Replikin, from 1917 to 2002,
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SARS and H3N2-Fajian influenza virus repliking traced back to a 1918
pandemic replikin

[0152] The origin of the SARS virus is as yet unknown. We report evidence
that certain SARS virus peptides can be traced back through homologous peptides
in several strains of influenza virus isolates from 2002 to a sequence in the strain of

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

[0153] By quantitative analysis of primary protein sequences of nfluenza
virus and other microorganisms recorded throupgh the last century we have found a
new class of peptide structures rich in lysines and histiding, related to the
phenomenon of rapid replication itself and to epidemics, rather than to the type of
organism (eg. Table 1) and named them Replikins. We have found a new class of
peplide structures with the following obligatory algovithm: at least two lysines 6 to
10 residucs apart, lysine conecentration 6% or greater, one histidine, in 7 to 50
amine acids, Because (hese peplides relate to the phonomenon of rapid replication
itself and to epidemics, we named them Repliking, We have found a quantitative
correlation of strain-specific replikin concentration (replikin count = number of
repliking per 100 amine acids) in the hemagglutinin protein with influenza
epidemics and pandemics (Figure 7). No previous correlation of inﬂueﬂza
epidemics with strain-specific viral protein chemistry have been reported
Conservalion, condensation and concentration of replikin structure also has been
found in influenza (eg. in Table 7a), HIV and malaria. The detection of repliking in
SARS coronavirus, in addition 1o tracing its possible evolution, has permitted the

synthesis of small SARS antigens for vaccines.

[0134] We have found a quantitative corrclation of strain-specific replikin
concentration (count) in the influenza hemagglutinin proteins with Influenza
epidemics and with each of the three pandemics of the last century, i 191 S’, 1957,
and 1968. A similar course was observed for each of these three pandemics: after a
strain-specific high replikin count, an immediate decline 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 replikin in the hemagglutinin of an influenza virus
isolated from a goose in 1917 (which we named the Goose Replikin) appeared in
the next year in the ITINT strain of influenza responsible for the 1918 pandemic,
with only two substitutions as follows:  Klsg(t/e)sypklsksy(i/vinnkgkeviviwgvhh,
5 Table 7a shows that the mfluenza 1917 Goose Replikin (GR) then was essentially
congserved for 85 years, despite multiple minor substitutions and apparent
translocations to other influenza strains. We have found that the 1917 influenza GR
demonstrated apparent mobility between several influenza slrams, appearing in
HINI (the pandemic of 1918), in H2N2 (pandemic of 1957-58), wm H3NZ
10 (pandemic of 1968, epidemic in China and Russia 2000, Fujian stratn epidemic
2003) and in FI5N1 (epidemic in China 1997). In 1997 ils structure was restored in

HIN2 exactly to its 1918 structure kkgssypkisksyvinkgkeviviwgvhh.

10156] The SARS coronavirus first appeared in the 2002-2003 influenza
15 season. The dual origm in 2002 of SARS repliking, from influenza GR and
coronavirus repliking (or from some unknown shared precursor) is suggested by the
following events, all of which oceurred in 2002: 1) a condensation for the first time
in 85 years 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
20 acids in the current epidemic (Table 7a)); 2) the rephikin count of GR-HINZ
showed a marked decline consistent with GR moving out of I11N2; 3} the replikin
count of coronavirug nucleocapsid proteins showed a marlked increase; and 4)
SARS coronavirus appeared in 2002-2003 with repliking containing the following
motifs: ‘kkg’ and “k-k’, previously seen in GR 1918 and GR-HIN2 2001; ‘k-kk’,
25 KK’ and ‘KI7 seen in influenza GR-HINZ 2001; ‘kk’ seen in the avian bronchitis
corenavirus repliking and ‘kk-kk-k?, ‘k-k?, ‘kk’, ‘KkI* and ‘k¢’ scen in the replikin
of porcine epidemic diarthea coronavirus (Table 7a) (SARS is belicved to have
made its first appearance in humans as the epidemic pneumonia which erupted in a
crowded apartment house where there was a severe back-up of feeal sewage, which

30 was then aitborne by ventilating fans).
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Goose Replikin (GI) sequences in different inflacnza strains from 1917 to 2003,
SARS and HAN2-Fujian appearance 2002-2003,

Repliking related Lo the Goose Replilking

Replikin Virus or other organism

Length

containing replildin

Continuous amino acid sequences

Shared motil and/or position-- ':-? _lx“#?
Aminog acid substitutions-- clear baukgmund
‘Condensed’ indicates condensation of acids)
sequence Jength in H1N2 and HIN2Z-Fujian
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of amino except for Fujian strain}

1917 HIN_ Influenza Goose Replikin (GIRY)
1918 GR in HIN1Tuman Infleenza

1958 GRII2NZ Influensza

1064,1965,1968 GR in H2N2 Inflncnza
1976,777,'80.781,785 GR in HINT Influenza
1996-2001 GR in H5N1 Influenza

1996 GR in HIN] mfluenga

1997,1998 GR.in HINL Influenza

1999 GR m HIN2 Influenza

2000 GR in HIN2 Influenza

2001 GRin HIN2 Influenza

2001 GR in ITIN2 Influenza

2002 GR in HIN2 Influenza (condensed)
2002-3 Human SARS nucleocapsid protein
1968-2000 GR in I3N2 Influenza (complete)
1996 HIN2 Trujian Influenza (incomplete)
2003 H3IN2 Faojian(condensed, incompleic)
Porcine epidemic dimrhea coronavirug
Avian bronchilis coronavirus

2000 shrimp white spot syndrome virus
Avian bronchilis coronavirus

2002-3 Human SARS spike protein

2002-3 Fluman SARS nuclencapsid protein
2002-3 Huntan SARS spike protein

2002-3 Human SARS nucleocapsid protein
2002-3 Human SARS spike protein

2002-3 Human SARS envelope prolein
20023 Human SARS spike protein

2002-3 Human SARS nueleacapsid protein
Nipali virus, v-profein

Bendra virus, v-protein

Sindbig viras

EEL lculemia

BROA-1 breast caneer

Ovarian cancer

Glioma Replikin

Srnallox virug
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®r i lfhiﬂ&l}ﬂ 9 HIV TAT protein

AR 1|£hie§7:: §  Smallpox virng

_'11"09&1(,& 8  RB.anthracis, HATPase

¥liha vl & Ebola virus polymerase

[0157] The recent increasingly high veplikin count peaks of the 1917 Goose

Replikin (Figure 7), now in IT1N? (Table 7a), approaching the 1917 replikin count,
could be a warning of a coming pandemic which may already have begun since the
SARS virus and the H3N2-Fujian virus are the current carviers of the short replikin
derivatives of the Goose Replikin seen in Table 7 and 7a to be associated with high

niortality.

[0158] Since the Goose Replikin has at least an 85 year lustory involving most
or all of the A-strains of influenza and SARS, it and its components are conserved
vaccine candidates for pan-strain protection. Condensed short SARS repliking, 7 to
21 amino acids long, enriched i % lysine and histidine compared to the Goose
Replikin, occurred in association with the higher mortality rate of SARS (10-55%)
when compared to that (2.5%) of the Goose Replikin, 29 anmno acids long. Short
repliking here mixed with long repliking in SARS may be responsible for high
mortality. This is also the case for repliking of other organisms such as the ebola and
smallpox. viruses and anthrax bacteria (Table 7a). These short SARS replikins
showed surprising homology with short repliking of other organisms such as
smallpox, anthrax, and cbola which are associated with even higher untreated

mortality rates (Table 7a).

[0159] Short synthetic vaccines, 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 immunelegical interference engendered by
muliple epitopes of thousands of undesited proteins in current whole virus vaccines
in general. In any case for influenza, current whole virns vaccines are ineffective in
more than half of the elderly. But would short replikins be sufficiently
immunogenic? The short glioma replikin ‘kagvaflhkk’ proved to be a successful
basis for a synthetic anti-plioblastoma multiforme and anti-bronchogenic carcinoma
vaceine. Jt produced anti-malignin antibody, which is cylotoxic lo cancer cells at
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picograms/cel] and relates quantitatively to the survival of cancer patients. In ovder
to prepare for a recwrent SARS attack, which appears likely becanse of the surge we
found in the coronavirus nucleocapsid replikin count in 2002, We synthesized four
SARS short replikins, found in nucleocapsid, spike, and cnvelope 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 proteing or nucleic acids as in smallpox vaceine, the
ability of small synthetic replikin antigens to achieve strong immune responscs 1s

significant for the efficacy of these SARS vaceines.

[0160] We examined the relationship of Replikin structure in influenza and
SARS viruses to increased meortality, with results as shown in Table 7 The relation
of high mortality to short or condensed Replikin scquences is seen in the high
mortality organisms shown in Section B of Table 7, in viruses other than mfluenza
and SARS, and in bacteria, malaria and cancer. In support of the umifying concept
of Replikin siructure and of the relation of Replikins to rapid replication rather than
any cell type or infeclious organism, in addition to the prevalence of the basic
Replikin structure in a broad range of viral, bacterial, malarial and cancer organisms
in which replicalion is crucial to propagation and virulence, the following
homologous sequences have been observed: note the “k”s in positions 1 and 2, note
the alignment of “k”s ag they would present to DNA, RNA or other receptor or
ligand for incorporation or to stimulate vapid replication, note the frequency of
“double k”s and “multiple ks , note the frequency of “g” in position 3 and the
occurrence of the triplets “kkg”, “hek™, “hdk” and “hkk” in the most condensed
shoriened Replikins associated with the highest mortality organisms, cancer cells
and genes as diverse as the smallpox virus, the anthrax virus, Rous sarcoma virus
and glioblastonte multiforme (glioma), c-sre in. colon and breast cancer, and c-yes in
melanoma and colon cancer. Note also the almosi identical Replikin structure for
two recently emerging high mortality virnses in Australia and Southeast Asia, Nipah
and Hendrah viruses. These two viruses are reporied to have similar or identical
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antibodies formed against them but no structural basis has been known for this up
till now, with our finding of their two almost identical Replikins, for this simifar
antibody. Table 7 also shows the relationship of five SARS Replikins of 2003
which we have found boih fo the influenza Goose Replikin of 1917 and to two
coronaviruges, the avian bronchitis coronavirus and the poreine epidemic diarhea
virug. The first 2003 human SARS Replikin in Table 7 shows certam sequence
homologies to the influenza virus goose 1917 and human 1918 Repliking through an
intermediary structure of influenza 111N2 in 2002 (e.g., see Replikin “k” in positions
1, 18 and 19). The 1917 Goose Replikin sequence ig scen in Table 7 to have been
largely conserved despite many substitutions in amino acids which are not crucial to
the definition of Replikins through 1999 (substitutions are show in italics). 'the
original 29 amino acid 1917 Replikin sequence was then found to have been almost
exactly restored to its structure of 1917-1918 in the 2001 HIN2 Replikin, However,
the 2002 HIN2 influenza Replikin has been shortened from 29 to 28 aminoe acids
and the “shift to the left” of amino acids kevi(ifvywg (v/ijhh is clearly evident. In
2003, one Replikin was further shortened (or compacted) to 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 o 20.7 % of the Goose Replikin and
the 1918 Human Pandemic Replikin, Compared {o the influenza 29 amino acid
Replikin, threc SARS Replikins were found to be further shortened (or compacted)
to 19, 11 and 9 amino acid long scquences, respectively. In the SARS 9 amino acid
sequences shown, the % k is 44.4% (4/9). With the shoriening of the SARS
Replikin, the SARS mottality rate in humans rose to 10% in the young and 55.5 %

i the elderly compared to the 2.5 % mortality in the 1918 influenza pandemic,

J0161] The amino acid sequences are shown in Table 7 to emphasize the
degree of homology and conservation for 85 years (1917-2002) of the influenza
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
the Replikins in the 2003 human SARS virus, in addition {o having homologies to
the influenza Replikins which first appeared as the 1917 Goose Replikin and the
1918 Human Pandemic influcnza Replikin, show certain sequence homologies to
both the coronavirus avian bronchitis virus Replikin (e.g. “K” in positions 1 and 2,
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end in “W™) and to the coronavirus acute diarthea virus Replikin (e.g. “k™ in positions
I and 11, “h™ at the end of the Replikin). This evidence of relation to both influenza
ad coromavirus Repliking is of interest because SARS arose in Hong Kong as did
seveoral recent influenza epidemics and carlier pandemics, and the SARS virus has
been classificd as a new coronavirus partly because of its structure, including
nucleocapsid, spike, and envelope proteins. Cerlain epidemiological evidence also
is relevant in that SARS made its first appearance in humans as the opidémic
pneumonia, which crupted, in a crowded Hong Kong apartment house where there

was a severe back-up of fecal sewage, which was airborne by ventilating fans.

[0162] Composition of Repliking in Strains of Influenza Viwus B: Of a total
of 26 Replikins identified in this strain (Table 3), the following ten Replikins are
present in every influenza B isolate examined from 1940-2001. Qverlapping
Replikin sequonces are listed separately. Lysines and histidines are in bold type to
demonstrate homology consistent with the "3-poinl recognition.”

Ishianlic (SEQ ID NO. 104)

kshfantkgtk (SEQ 1D NO. 105)

kshfanlkgtktrekleplk (SEQ 1D NO. 166)

heleygglnl (SEQ ID NQO. 107)

hekygalnksk (SEQ [ NO. 108)

hekygglnkskpyytgehak (SEQ ID NO. 10)

hakaignepiwvle (SEQ 11D NO. 110)

haleai gnepiwyvidkiplidangtl (SEQ 1D NOQ. 111)

hakaignepiwvkiplidangticyrppale (SEQ 113 NO. 112)

hakaignepiwvkiplklangtiyrppalkitk (SEQ ID NO. 113)

- [0163] Tables 3 and 4 indicate that there appears to be much greater stability
of the Replikin structures in influenza B hemagplutininsg compared with HINI
Repliking. Influenza B has pot been responsible for any pandemic, and it appears
nol {0 have an ammal or avian reservoirs. (Stuart-Iarris et al.,, Edward Arnold Litd.,

London (1 935)).
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[0164] Influenza J1IN1 Repliking: Only one Replikin "hp(v/i)iigecpkyv-
(r/K){s/A)(t/a)k" is present in every HINI isolate for which scquences are available
from 1918, when the strain first appeared and caused the pandemic of that year,
through 2000, (Table 4). ("(v/i)" indicates that the amino acid v or 3 is present in the
s same position in different years.) Although ITINI contains only one persistent
Replikin, HINT appears to be more prolific than influenza B. There are 95 different
Replikin structures in $2 ycears on HINI versus only 31 different Repliking in 62
years of inﬂ.ucnmlB isolates (‘Table 4). An increase in the number of new Replikin
structures oceurs in yeats of epidemics (Tables 3, 4, 5 and 6) and correlates with

10 increased total Replikin concentration (Figurcs 7 and 8).

[0165] Influenza JI2NZ Replikins: Influenza H2ZNZ was responsible for the
human pandemic of 1957. Three of the 20 Repliking identified in that strain for
1957 werc conserved in each of the {12N2 isolates available for examination on
15 PubMed unti] 1995 (Table 5).
ha(l/g/m)(d/n)ilekthnglk (SEQ 1D NO. 232)
ha(k/g/m)(d/milekthnglde(k/r) (SEQ 11D NO. 233)
kgsnyp(v/iDak{g/)synntsgeqmlitwg(v/i)h (SEQ 11D No. 238)

20 [0106] However, in contrast to HIN1, only 13 additional Replikins bave been
found in H2N2 beginning in 1961, This paucity of appearance of new Replikins
correlates with the decline in the concentration of the H2NZ Replikins and the

appearance of H2ZN2 in isolates over the years. (Figure 8).

25 [0167] Influenza HIN2 Replikins: Influenza H3N2 was responsible for the
human pandemic of 1968, Five Replikins which appeared in 1968 disappeared after
1977, but reappeared in the 1990s (Table 6). The only Replikin structure which
persisted for 22 years was hed(g/q){g/Onekwdlf(v/i)er(s/0)k, which appeared first in
1977 and persisted through 1998, The emergence of twelve new H3N2 Replikins in

30 the mid 1990s (Table 6) correlates with the incrcase in Replikin conceniration at the
gatne time (Figure 8), and with the prevalence of the H3N2 stramn in recent isolates
together with the concurrent disappearance of all Replikins from some of these
isolates (Figure 8), this suggests the emergence of the new substrain H3INZ(R). The
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current epidemic in November - December 2003 of a pew strain of HIN2 (Fujian)
confirms this prediction made first in the Provisional Application US 60/303,396,

filed July 9, 2001.

[0168] Figures 1 and 2 show that influenza cpidemics and pandemics correlate
with the increased concentration of Repliking in influenza virus, which. 1s due to the
reappearance of at least one Replikin from one to 59 years after its disappearance.
Algo, in the A strain only, there is an emergence of new strain-specific Replikin
compositions (Tables 4-6, sce also increase in number of new Repliking, pre-
epidemic for H5N1 in Figure 11). Tncrease in Replikin concentration by repstition
of individual Repliking within a single protein appears not to occur in influenza

virug, but is seen in other organisms.

{0169] - It has been believed that changes in the activity of different influenza
strains are related to sequence changes in influenza hemagglutining, which in turn
are (he products of substitutions effected by one of two poorly understood processes:
i) antigenic drift, thought to be due to'the accumulation of a serics of point mutations
in the hemagglutinin molecule, or i) antigenic shift, in which the changes are so
great that genctic reassortment is postulated fo ocour between the viruses of human
and non-human hosts. First, the present data suggests that the change in activity of
different influenza sirains, rather than being related to non-specific sequence
changes, are based upon, or relate to the increased concentration of strain-gpecific
Replikins and strain-specific increases in the replication associated with epidemics.
Tn addition, the data were examined for a possible insight into which sequence
changes are due to “drifi" or "shift", and which are duc to conservation, storage in
veservoirs, and reappearance. The data show that the cpidemic-related increase in
Replikin concentration is not due to the duplication of existing Replilking per
hemagglutinin, but is due to the reappearance of at least one Replikin composition
from 1 to up to 59 years after its disappearance, plus in the A strains only, the
emergence of new strain-specific Replikin compositions (Tables 3-6). Thus the
increasc in. Replikin concentration in. the influenza B epidemics of 1951 and 1977
are not assoctated with the emergence of new Replikin compcmitioﬁs in the year of
the epidemic but 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 {o the reappearance of previously disappeared virus Repliking, new
compositions appear (e.g. in HINI in the year of the epidemic of 1996, in addition to
the reappearance of 6 earlier Repliking, 10 new compositions emerged). Since the A
strains only, not influenza B, have access to non-human animal and avian ICSCIVOIrs,
totally new compositions probably derive from non-hwman host reservoirs rather
than from mutations of existing human Repliking which appear to bear no
resemblance o the new compositions other than the basic requirements of "3-point
recognition” (Tables 2-5). The more prolific nature of HINI compared with B, and
the fact that pandemics have been produced by the three A strains only, but not by
the I3 strain, both may also be a function of the ability of the human A strains to

recelve new Replikin compositions from non-human viral reservoirs.

{0170] Some Repliking have appeared in only one year, disappeared, and not
reappeared to date (Tables 3-6). Other Repliking disappear from ong to up to 81
years, when the identical Replikin sequence reappears. Key Replikin k' and b’
amino acids, and the spaces between them, are conserved during the constant
presence of particular Repliking over many yeurs, as shown in Tables 2 and 3-6 for
the following strain-specific Repliking: ten of influenza B, the single Replikin of
HINI, and the single Replikin of H3N2 as well as for the reappearance of wdentical
Repliking after an absence. Despite the marked replacement or substitution activily
of other amino acids both inside the Replikin structure and ouiside it in the rest of
the hemagglutinin sequences, influenza Replikin histidine (h) appears never to be,
and lysine (k) is rarely replaced. Ixamples of this conservalion are seen in the
HiINT Replikin “hp(v/ijtigecpkyv(/k)(s/O(/a)k," (SEQ ID NO. 135) constant
between 1918 and 2000, in the F3N2 Replikin "hed(g/o){grmekwd f{v/Der(s/A)k”
(SEQ ID NO. 277) constant between 1975 and 1998 and in the H3N2 Replikin
"han(s/e)(e/q)e(t/s)e(q/ydaad(V/q)kstq(a/n)a(i/d(q/ I/ O(g/mk (/vin(/s) vie/c)k”
(SEQ ID NO. 276) which first appeared in 1975, disappeared for 25 years, and then
reappeared in 2000, While many aminoe acids were substituted, the basic Replikin
structure of 2 Lysines, 6 to 10 residucs apart, one histiding, a minimum of 6% lysine

i not rnore than approxumately 50 amino acids, was conserved.
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10171 Totally random substitution would not permit the persistence of these
HINT and H3N2 Replikins, nor from 1902 to 2001 in influenza B the persistence of
10 Replikin structures, nor the reappearance in 1993 of a 1919 18mer Replikin after
an absence of 74 years. Rather than a random type of substitution. the constancy
suggests an orderly controlled 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
micleic acids, and histidines, perhaps bound to respivatory redox enzymes. The

mechanisms, which control this conservation, are at present unknown,

CONSERVATION OF REPLIKIN STRUCTURES

[6172] Whether Replikin structures are conscrved or are subject o extensive
natural mutation also was examnined by scanning the protein sequences of various
isolates of foot and mouth discase virus (FMDV), where mutations in proteins of
these viruses have been well documented worldwide for decades, Trotein sequences
of FMDV isolates were visually examined for the presence of both the eptite
Replikin and each of the component Replikin amino acid residues observed in a

patticular Replikin.

(0173} Rather than being subject o extensive substitution over time as occurs
in neighboring amino acids, the amino acids which comprise the Replikin structure

are substituted litte or not at all, that 1s the Replikin structure is conserved.

[0174) For example, in the protein VP1 of FMDV type O, the Replilan (SEQ
1D NQ.: 3) “hlgkivapvk” was found 10 be conserved in 78% of the 236 isolales
reported in PubMed, and cach amino acid was found to be conserved in individual
isolates as follows: his, 93.6%; lys, 91.8%; gln 92.3%; lys, 84.1%; ile, 90.7%; val,
01.8%; ala, 97.3%; pro, 96.2%; ala, 754%,; and lys, 88.4%. The high rate of
conservation suggests structural and functional stability of the Replikin structure and

provides constant targets for treatiment.

[0175] Similarly, sequence conservation was found in different isolates of HIV
for its Replikins, such as (SEQ ID NO.: 5) “kefncgkegh” or (SEQ ID NQ.: 6)
“kvylawvpahk™ in HIV Type 1 and (SEQ 1D NO.: 7) “kewnegkegh” in HIV Type 2
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(Table 2). Further exarnples of scquence conservation were found m the HIV tat
proteing, such as (SEQ ID NO.: 613) “helvekqkkelgisyerkk,” wherein the key Tysine

and histidine ammno acids are conserved. (Sce Table 8).

[0176] Similarly, sequence conservation was obscrved in plants, for example
in wheat, such as in wheat ubiguitin activating enzyme B (S13Q 1D NQOs. 614-616).
The Replikins in wheal 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 generations, over len years of tissue culture of
glioma cells, and by the constancy of affinily of the glioma Replikin for
antimalignin antibody isolated by immunoadsorption from 8,090 human. sera {rom

the 1.8, UK., Burope and Asia (¢.2., Figure § and U.8. Patent 6,242,578 B1).

[0177] Similarly, conservation was observed in trans-activator (Tat) proteins
in isolates of TV, Tat (trans-activator) proieins are early RNA binding proteins
regulating lentiviral transeription. These proteins are necessary components in the
life cycle of all known lentivirases, such as the human immunodeficiency viruses
(HIV). Tat is a transceriptional regalator protein that acts by binding to the trans-
activating response sequence (TAR) RNA. element and activales transcription
Initiation and/or elongation from the LTR promoter. IV cannot replicate without
tat, but the chemical basis of this has been unknown, In the HIV tat protein
sequence from 89 to 102 residues, we have found a Replikin that is associated with
rapid replication in other organisms. The amino acid sequence of this Replikin is
"helvekglekglgisypilde.” In fact, we found that this Replikin is present in every HIV
tat protein. Some tat amwino acids are substituted frequently, as shown in Table 9, by
alternate amino acids (in small size fonts lined up below the most frequent amino
acid (Table §), the percentage of conservation for the predominant Replikin
"helvefkleplgisygrkk™).  These substitutions have appeared for most of the
individual amino acids. However, the key lysine and histidine amino acids within
the Replikin sequence, which define the Replikin structure, are congerved 100% in
the sequence; while substitutions are common elsewhere in other amino acids, both

within and outside the Replikin, none occurs on these key histidine amino acids,
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{0178] As shown in Table 8 it is not the case that lysincs are not substituted in
the tat profein ammo acid sequence. From the lefi side of the table, the very first
lysine in the immediate neighboring sequence, but outside the Replikin sequence,
and the second lysine (k) in the scquence inside the Replikin, but "extra” in that it is
not essenlial for the Replikin formation, are both substituted frequently. MHowever,
the 3rd, 4th and Sth lysines, and the one histiding, in 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 virus
Repliking, random substitution would not permit this selective substitution and

selective non-substitution 0 occur due to chance.
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Table 8

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

38100757 85 (100) (100) 6676 (100) 99 5749 (100) 94 (100) 7 98 §5 97 99 (1C0)(100)(10C)%
Neighboring

Amino acids iat Replikin

k@sy [(E) 1v©fq k®@g O gisye 00K

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

h ef q i I h a aly hq
roowp 11 i h q v
y 3 § I m r 3
i 8 m s
$ r 1
v
i
f
P
q
(0179 The conservation of the Replikin structure suggests that the Replikin

structure hag a specific survival funetion for the JITV virus which must be preserved
and conserved, and cannot be sacrificed to the virus 'defense’ maneuver of amino
acid substitution created to avoid antibody and other ‘attack.’” Thesc ‘defense’
functions, although also essential, cannot 'compete’ with the virus survival function

of HIV replication.

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

[018]1] The high rate of conservation observed in FMVD and HIV Replikins
suggests that conscrvation also observed in the Repliking of influenza Repliking is a
general property of viral Replikins. This conservation malkes them a constant and

reliable targeted for either destruction, for example by using specific Replikins such
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as for influenza, FMVD or HIV vaccines as illustrated for the glioma Replikin, or

stimulation.

[0182] Similarly, as provided in examples found in viruses including influenza
viruses, FMDV, and HIV, where high rates of conservation in Rephkins suggest that
conservation is a general property of viral Replikins and thus making Replilciruﬁ il
constant and reliable target for destruction or stimulation, conservation of Replilan
structres occurs in plants. For example, in wheat plants, Repliking arc conserved
and provide a reliable target for stimulation. Examples of conserved Replikins m
wheat plants ubiguitin activating enzyme R inclade:

B3 hkdritkkvvdiarevalvdvpeyrrh (SEQ ID NO. 614)

E2  hkerldrkvvdvarevakvevpsyrth (SEQ I NO. 615)

El  hkerldikvvdvarevakmevpsyrrh (SEQ 1D NO. 616)

de oo He Ak

{0183] Similarly to conservation found in the HIV tat protein, the Rephikin in
the wheat ubjquilin activating enzyme B is conserved. As with the HIV lat protein,
substitutions of amino acids (designated with an ***) adjacent to the Replikin variant
forms in wheat ubiquitin activating enzyme E are common. The ey k and h amino
acids that form the Replikin structure, however, do not vary whercas (he

‘unesgential’ k that is only 5 amino acids (from the first k on the left) is substituted.
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ANTI-REPLIKIN ANTIBODIES

[0184] An anti-Replikin antibody is an antibody against a Replikin, Data on
anti-Replikin antibodies also support Replikin class unity.  An anti-Replikin
antibody response has been quantified by immuneadsorption of serum antimalignin
antibody to immobilized malignin (see Methods in U.8. Patent No. 5,866,690). The
abundant production of antimalignin antibody by administration to rabbits of the
synthetic version of the 16-mer peptide whose sequence was derived from malignin,
absent carbohydrate or other groups, has established rigorously that this peptide
alone is an epitope, that ig, provides a sufficient bagis for this immune responsc
(Figure 3). The 16-mer peptide produced both IgM and IgG forms of the antibody.
Avtimalignin antibody was found to be increased in concentration i serum in 37%
of 79 cases in the U8, and Asia of hepatitis B and C, carly, in the first five years of
infection, tong before the usnal observance of liver cancer, which develops about
fifteen to twenty-five years after ‘illfection‘ Relevant to both infectious hepatitis and
HIV infections, transformed cells may be one form of safe haven for the viras:
prolonging cell life and avoiding virus eviction, so that the virus remains

inaccessible to anti-viral treatment,

[0185] Because administration of Repliking stimulates the immune system
toproduce antibodies having a cytotoxic effect, peptide vaccines 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 sirain
of influenza most Lkely to cause an outbreak in a given influenza season., ¢.g., an
emerging sirain or re-emerging strain. For example, analysis of the influenza virus
hemagglutinin amino acid sequence on a yearly or bi-yearly basis, provides data
which are useful in formulating a specifically targeted influenza vaccine for that
year, i is understood that such analysis may be conducted on a region-by-region
basis or at any desired time period, so that strains emerging m different areas
throughout the world can be detecled and specifically targeted vaceines for cach

region can be formulated.
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INFLUENZA

[0156] Currently, vaccine formulations are changed twice yearly at
international WHO and CDC meetings.  Vaccine formulations are based on
serological evidence of the most current preponderance of influenza virus strain in a
given region of the world. llowever, prior to the present invention there has becn no
correlation of influenza virus strain specific amino acid sequence changes with

oceurrence of influenza epidemics or pandemics.

[0187] The observations of specific Replikins and their conceniration in
influenza  virus proteins provides the first specific quantitative early chemical
correlates of influenza pandemics and epidemics and provides for production and
timely administration of influenza vaceines tailored specifically to treat the prevalent
emerging or re-emerging strain of influenza virus in a particular region of the world,
By analyzing the protein sequences of isolates of strains of influenza virus, such as
the hemagglutinin protein sequence, for the presence, concentration and/or
copservation of Replikins, influenza virus pandemics and epidemics can be
predicted.  Furthermore, the severity of such outbreaks of influenza can be
significantly lessened by administering an influenza peptide vaceine based on the
Replikin sequences found to be most abundant or shown to be on the rise in virus

isolates over a given time period, such as about one to about three years.

[0188] An influenza peptide vaceine of the invention may include a single
Replikin peptide sequence or may include a plurality of Replikin sequences
observed in influenza virus strains. Preferably, the peptide vaccine is based on
Replikin sequence(s) shown to be increasing in concentration over a given time
period and conserved for at least that period of time. However, a vaceine may
include a conserved Replikin peptide(s) in combination with a new Replikin(s)
peptide 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 technolopy, and may include non-Replikin sequences, although vaccines hascd
on peptides containing only Replikin sequences are preferred. Preferably, vaccine
compositions of the invention also contain a pharmaceutically acceptable carrier

and/or adjuvant.

[0189] The influenza vaceines of the present invention can be administered
alone or in combination with antiviral drugs, such as gancyclovir; interferon;
interleukin; M2 inbibifors, such as, amanfadine, rimantading neuraminidase
inhibitors, such as zanamivir and oseltamivir; and the like, as well as with

combinations of antiviral drugs.

REPLIKIN DECOYS IN MALARIA

10196] Analysis of the primary structure of a Plasmodium farciparum malaria
anligen located at the merozoile sutface and/or within the parasitophorous vacuole
rovealed that this organism, like influenza virus, also conlains numerous Replikins
(Table 9). However, there are several differences between the observation of
Replikins in Plasmodium falciparum and influenza virus isolates.  Yor example,
Plasmodium faleiparum confains several partial Repliking, referred to herein as
“Replikin decoys.” These decoy structures contain an abundance of lysine residues,
but lack the histidine required of Replikin structures, Specifically, these decoys
contain many lysines 6 to 10 residues apart in overlapping fashion, similar to the
truec malaria recognins but without histidine residues. It is believed that the decoy
strueture maximizes the chances that an anti-malarial antibody or other agent will
bind to the relatively less important structure containing the lysines, ie., the
Replikin decoys, rather than binding to histidine, which is present in Replikin
atructure, such as Replikins in respiratory enzymes, which could result in destruction
of the trypanosome. For example, an incoming antibody, with specificily for
Replikin structures, might attach to the Replikin decoy structure, leaving the true

Replikin structure remaing untouched.
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1019%] Therefore, anti-Replikin treatment of malaria requires two phases (dual
treatment): i) preliminary treatment with proteolytic enzymes that cleave the
Replikin decoys, permitting ‘safe passage’ of the specific anti-Replikin treatment;
and ii) attacking malaria Replikins either with specific antibodies or by cellular
5 immunity engendered by synthetic malaria Replikin vaceines or by organic means

targeting the malaria Replikins,

REPETITION AND OVERLAPPING OF REPLIKIN STRUCTURES

[0192] Another difference seen in Plasmodium falciparum is a frequent
10 repetition of individual Replikin structures within a single protein, which was not

observed with influenza virus. Repetition may occur by (a) shanng of lysine

residues between Replikins, and (Ib) by repetition of a portion of a Replikin sequence

within another Replikin sequence.

15 [0193] A third significant difference between Replikin structures observed in
influenza virus isolates and Plasmodium falciparum is a marked overlapping of
Replikin structures throughout malarial proteins, e.g., there are nine overlapping
Replikins in the 39 amino acid sequence of SEQ ID NO. 393 (Replikin
concentration = 23,1/100 amino acids); and 15 overlapping Repliking in the 41

20 amino acids of SRQ ID NO. 467 (Replikin concentration = 36.6/100 amino acids).
Both of these overlapping Replikin structures occur in blood stage {rophozoites and
schizonts. Tn contrast, influenza virug Replikins are more geattered throughout the
protein and the maximum Replikin concentration is about 7.5/100 amino acids
(Figure 7); and tomato leaf curl gemini virus, which was also observed to have

25 overlapping Replikins.
Replikins of tomato leaf curl gemini virus

[0194]} Tomato leaf cur! Gemini virus has devastated tomato crops in China

and in many other parts of the world. Its replikins reach high counts because of
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overlapping repliking as illustrated below in a virus isolated 1n Japan where the

replikin count was 20,7

Replikin Analysis

[0195] Description: The fivst cccurrence of tomato yellow leaf curl virus in
tomato (specific host Lycopersicon eseulentum Mill), in Japan

Isolated: 1998 Source:Tomato yellow leaf curl virus-[Aichi]

Strain: Aichi

Protein sequence, amino acid positions 1 to 135

ml g2 p3 54 55 p6s7 t8 s h10 el1 $12 q13 v14 515 {16 k17 v1§ q19 h20 k21122
a23 K24 k25 k26 p27 828 v29 r30 K31 v32 v33 n34 135 d36 ¢37 g38 ¢39 $40 y41
y42 143 h44 145 n46 c47 n48 049 h50 g51 £52 €53 h54 r55 g36 t57 158 h39 60 $01
$G2 463 164 05 woo r67 168 ye9 170 g71 d72 k73 74 75 p76 177 £78 q79 d80
n81 r82 (83 q84 p335 eB86 a87 i88 s89 nS0 D1 p2 r93 h94 KOS5 96 W97 08 d99
k1GGi101 qlO2 p103 q104 h105 106 107 glO8 109 gl 10 d111 8112 q113 m114
115116 q117 1118 pl19 nl20 1121 d122 ¢123 §124 125 al26 8127 d128 w29
s130 {131 1132 k133 8134 i135

Amino-terminal repliking
h10.e11812.q13 v14815i16 K17 v18 q19h20 k21§22 a23 k24 (SEQ 11D NO. 757)

B10cl1s12 q13 v14 15§16 K17 v18 19 h20 k21 i22 223 k24 k235 (SEQ ID NO. 738)

h10.¢11812.q13.vI4s15116K17 vI8 q19h20 k21§22 a23 k24 k25 K26 (SBQ 1D NO. 759)

n10ells12 q13vids15i16 k17 vI8 19 20 k21 i22 a23 J24 k25 k26 p27 i28
r29 r30 k31 (SEQ 1D NO. 760)
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k17 v18.q19 h20 k21 22 a23 k24 k25 K26 p27i28 r29 r30 k31 x32 v33 134 135
d36_¢37 238 ¢39 840 y41 y42 143 44 145 pd6 c47 nd8 n49 h30 (SEQ D NO. 761)

Analysis of this sequence showed that amino acids 1-163 of this “replicating

5 profein” contain five Repliking, namely: (SEQ ID NO.: 13) kfrinaknyfltyph, (SEQ
1D NO.: 14) knletpynkifiricreth, (SEQ 11D NO.: 15) hpnigaaksstdvk, (SEQID NO.:
16) ksstdvkaymdkdgdvldh, and (SEQ ID NO.: 17) Lkasalnilrekapkdfvigfh.ql9 k20
k21.i22 a23 k24 K25 k26 p27.328 129 r30 k31 v32 v33 034 135 d36_¢37 g38 ¢39
$40 y41 y42 143 h44 145146 ¢47 148 nd9 h50 g51 52 53 h54 (SEQ ID NO, 762)

10

K17 v18 19 h20 k21 i22 223 k24 k25 k26 p27.28 r29 r30 k31 032 v33 n34 135
d36.¢37 238 ¢39 540 y41 v42 143 144 145 nd6 c47 nd8 n49 h50 g51 HfSHZNtS 3 h54
X35 g56,£57 h58_(SEQ ID NO. 763)

15 k17.v18.ql9 h20 k21§22 a23 k24 (SEQ 1D NO, 764)
k17 vi8 ql9 h20 K21 22 a23 k24 k25 k26 p27.i28 29 v30 k31 r32 ¥v33 n34 135

d36.¢37 £38 39 540 y41 y42 143 hd4 145 n46_c47 nd8 nd9 h50 g51 £52 153 hsd
r55_g56_t57 158 h59 (SEQ I NO. 765)

20 ;
K17 v18.q19 k20 K21 _i22d2123“l{24ul{25_(3 EQ 1D NO. 766)
K17.918.q19 h20 k21 22 a23 k24 k25 k26 p27 128 r29 130 k31 ¥32.v33 n34.135
d36 ¢3 738 ¢39 840 y41 _y42u143_h44h(SEQ D NQO. 767)

23

K17 v18 q19 h20 k21022 223 k24 k25 126 (SEQ 1D NO. 768)

K20 k21 §22 a23 k24 k25 k26 p27 128 r29 130 k31 (SEQ 1D NO., 769)
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k21 i22 223 k24 k25 k26 p27 i28.r29 x30. K31 132.v33 n34 35 d36 ¢37 g38 €39
940, y41 y42 143 had 145 nd6 c47 ndS nd9 h50_ g51 152653 54 (SEQ 1D NO. 770)

k21§22 a23 k24 k25 k26 p27 i28 129 r30 k31 r32 v33 034 135 d36_¢37 g38 39
5 540 y41 y42 143 44 145 nd6 c47 nd8 nd9 h50 ¢51 £52 53 15455 g56 57 h38
(SEQ 1D NO. 771)

k21§22 223 k24 k25 K26 p27 §28 ¥29 ¥30 k31 132 v33 n34 135 d36_¢37 g38 ¢3Y
540 y41 y42 143 h44 145 n46 c47 ndS nd9 h50 g51 52 53 54 r35 g56.457 h58
10 h59 (BEQ 1D NG. 772)

K21 122,023 k24 K25 k26 p27 128,529 r30 k31 r32.v33 n34 135.d36,637 g38 639
540, y41 y42 143 hdd (SEQ 1D NO. 773)

15 k21422 223 k24 k25 k26 p27 i28 v29 r30 k31 r32 v33 n34.135 d36 ¢37 38 ¢39
$40 y41 y42 143 h44 145 n46 ¢47 nd8 49 30 (SEQ ID NO. 774)

k24 k25 k26 p27 128 129 r30 k31 r32 v33 n34 135 d36_¢37 g38 ¢39 $40 y4l y42
143 hdd 145 n46_c47 n48 n49 k50 ¢51 £52 53 W54 r55 g56 57 W38 (SEQ 1D NO.
00 7735

k24 125 126 p27 i28 29 30 k31 ¥32 v33 834 135 d36 ¢37 g38 €39 40 y41 y4d2
143 1144 145 n46_c47 n48 nd9 h50 g51 £52 53 154 r55 g56 t57 h58 h59 (SEQ 1D
NQ. 770)

25
k24 K25 K26 p27.028 129 v30 k31 r32 v33 534 135 d36_¢37 38 ¢39 840 y41 y42
143 h44 (SEQ ID NO, 777)

k24 k25 126 p27 828 329 r30 k31 w32 v33 034135 d36_¢37 38 39 540 yd1 yd?2
30 143 _hd44 145 n46_e47 n48 149 h30 (SEQ 1D NO. 778)

83



10

15

20

25

WO 2005/010032 PCT/US2003/017936

k24 k25 k26 p27 128 29 130 k31 r32 v33 n34.135 d36_¢37 g38 €39 $40 y41 y4l
143 144 145 n46 cd7 ndl ndd h50 51 £52 €53 h54 (SEQ 1D NO. 779)

k25 K26 p27.i28 129 r30 k31 132 v33 034 135 d36.¢37 g38 ¢39 540 y41 y42 143
h44 145 nd6_¢47 n48 n49 h50 (S1Q 1D NO. 780)

k25 K26 p27 i28.r29 r30 k31 r32 v33 n34 135 d36_¢37 g38 e39 540 y41_y42 143
144 145 n4G e47 nd8 n49 h50 ¢51 152 €53 h54 (SEQ 1D NO. 781)

k25 K26 p27.i28 r29 30 k31 r32 v33 n34 135 d36_¢37 g38 ¢39 840 y41 _y42 343
h44. 145 n46 c47 n48 nd9 h50 g51 1‘5215 3 M54 r55 g56 (57 h58 (SEQ 1D NO. 782)

K25 K26 p27.i28 ¥29 y30 k31 r32 v33 n34 )35 d36 ¢37 g3 8_c3€)_s40,y41,_y42_l43
h44 145 n46 e47 n48 nd9 h50.g51 152 453 hi54.r55 56 t57 h58 h59 (SEQ 1D NO.

783)

k25 k26 p27.i28 r29 r30 k31 r32 v33 034 135 d36_¢37 238 ¢39 540 y41 y42 143
ha4 (SRQ D NGO, 784)

Mid-molecule: Zero replikins.

Carboxy-terminal: Zero replikins.
Replikin Count = Number of Replikins per 100 amino acids = 28/135 = 20.7

iven higher replikin counts are seen Lo be achicved by overlapping replikins

in malaria,
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{01906] The mechanism of lysine multiples {s also seen in the Repliking of
cancer proleins such as in gastric cancer transforming protein, ktkkgnrvsptmkvth
(SEQ ID NO. 88), and in transforming protein P213 (JX-RAS 2B) of lung,
khkelomskdgklddddes (SEQ T 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 (N8I, "Bru," which is prevalent in early stage HIV infection) has
a Replikin concentration of 1.1 (+/- 1.6) Repliking per 100 amino acids, whereas the
rapidly-growing high titer strain of HIV (81, "Lai", which iz prevalent in late stage
HIV infection) has a Replikin concentration of 6.8 (++/- 2.7) Replikins per 100 amino

acid residues.

{0196] The high concentration of averlapping Repliking 1 malaria, influenza
vires and cancer cells is consistent 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 confuse the immune
system of its host and therchy maximize the chance that the wrong antibody will be

made and perpetvated, leaving key nmalaria antigens unharmed.

[0199] As in the case of influenza virus, for example, peptide vaccines based
on the Replikin structure(s) found in the malatia organism can provide an effective
means of preventing and/or lreating malaria.  Vaccination against malaria can be
achieved by adminislering a composition containing one or a mixture of Replikm
structurcs observed in Plasmodium falciparum. Furthermore, antibodies to malaria
Replikins can be generated and administered for passive immunity or malaria

detection. |
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Replikins in Malaria

[3200] Malaria 15 a disease which accounts for more than 200 million cases
annually world-wide and over 2 million deaths annually, and for which there 1s as
yet no effeclive vaccine. Replikins have been found to be prominent in Plasmodium

falciparuny, the most common strain of trypanosome responsible for malaria.

IHigh Replikin Count

j0201] In accord with the legendary high replication rate of rypanosomes, the
highest replikin count yet observed in any species has been found in trypanesomes.
In the trypanosome plasmodium falciparum, we found that for the ATPase protein
recently determined to be the target of the effective anti-malarial artemisiming, in the
1999 3137 malaria pandemic vear, the mean replikin count in the ATPase for all
isolates was 57.6, and in one iselate the replikin count reached a record of 111.8 by

repeating and overlaping replikins.

Repition and overlapping of replikin structures

[0202] One characterisiic seen in Plasmodium falciparum repliking which
accounts for the high replikin count compared with influenza repliking, is a frequent
repetition of individual replikin structures within a single protein, a feature which
was not observed in influenza virus. Repctition may oceur a) simply by repeating
the entire replikin, (b) by sharing of lysine residues between replikins, and (c) by
repetition of a portion of a replikin sequence combined with or within another

replikin sequence.

{0203} In addition to repeats of replikin structures, another significant
difference between replikin structures observed in influenza virus proteins and those
in Plasmodium falciparum proteins is a marked overlap of replikins throughout
malarial proteins. For example, overlapping replikin structures occur in blood stage

wrophozoites 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 ‘ksdhnhl, there are fourteen overlapping repliking (replikin
concentration or Replikin Count = 18/39 = 46.2/100 amino acids):

kedhnhksdhnhksdhnhksdhnbksdpubkkknnnnnk(SEQIDNO.393)
ksdhnhksdhnbksdhnhlksdpnhiddnmnnk (SEQ 1D NQ. 394)
ksdhinhksdhnhlsdpnhldkknnnnuk (SEQ 1D NOQ. 395)
ksdhnhksdpnbkklknnnnnk (SEQ 10 NO. 396)
kklennnnnkdnksdpnhk (SEQ ID NO. 397)
Kiennunnkdnksdpuhk (S1EQ 11D NO. 398)
Jonmnnpkdnksdpnhl (SEQ ID NQ. 399)

kdnksdpohk (SEQ 11D NO. 400)

ksdpnhk (SEQ ID NO. 401)

ksdhphlc (SEQ 1D NO, 743)

ksdpnhll (SXEQ 11> NO., 744)

ksdpnhldkl (SEQ I NO. 745)

ksdpnhlde (SECQ 1Y NO. 746)

hikkkmnmmk (SEQ 1D NO, 747)

and 2) 15 overlapping Repliking occur in the 41 amino acids of SEQ T NQO. 467
(Replikin concentration or replikin count= 36.6/100 amino acids).
klsdkekkkdsnemkldegkedkknpndnkllddeytnkith (SEQ 11 NO. 467)
kdkekkicdsnenrkkkgkedkkopndnkikiieytnkith (SEQ I NO. 468)
kekkkdsnenrkkkakediknpndnkikkieyvinkith (530 1D NO. 469)
kkidsnenrkklgkedkknpndnkikkievinkith (SEQ 1D NO, 470}
kledsnenrkidegledidnpndokiddieytnkith (SEQ ID NQ. 471)
kdsnenrlddegleediknpudnkiikieytnkith (SHQ ID NQ. 472)
kikkgkedkknpndnklkkieytnkith (SEQ 112 NO. 473)
klqkedkknpndnklkdeytnkith (SEQ 1D NO. 474)
kelecdkknpndnkliddeytnkith (SEQ 1D NO, 475)
kedkknpndnkiklievinkith (SEQ 1D NO. 476)
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kKknpndoldkkieytnkith (SEQ TD NO. 477)
knpndoklkkieytnkith (SEQ 1D NO. 478)
klckieytnkith (SEQ 1D NO. 479)
kkieylnkith (SEQ D NO. 480)
kieytnkith (SEQ TD NO. 481)

[0204] Both of these overlapping replikin structures occur in blood stage
trophozoites and schizonts. In contrast, influenza virus repliking are more scattered
throughout the protein and the maximum replikin count (except in 1917-18) is about
7.5 (Figure 7). As described carlier, tomato leaf curl gemini virus was also observed

to have overtapping repliking raising the replikin count as high as 20.7.

Table 9

Replikin repeats, overlap, and conservation in one molecuie, ATPase

[0205) Ovetlapping repliking, replikin repeats, and intramolecular
conservation of replikin structure, were all found in the single molecule of
Plasmodium Faleiparum 3D7 ATPase, from amino acid positions 399 through 927.
As shown below, identical motifs of each replikin are conserved by the invariant
initial ‘K’ and terminal ‘hk’ (shaded areas), whereas adjacent amino acids ‘g/s/n’
‘dlgle’ sle/n/l’ and fe/n’ are variable (clear). The last lysine for each replikin is also

the first lysine for the next replikin, eg. k411, k417.:

ik



10

13

20

25

30

35

40

A5

WO 05/010032

iﬂli

41ﬂ
iy
MﬂdB
kA3
h‘.‘.fl [ QJ

QQGH
2477
AR

RLSQ
k49ﬂ
fleb01
kaoﬂ
tess 13
,hiﬁ
k%aﬁ
k%
k& 37
]ﬂad%|
fe5a 9
MWSH
ﬁ7d
r91
609
Mblh
,kf: Jl‘
kGﬁ%
kb44
[k.('.xf":‘
1e6 ™ 5
%SBJ
FGB/
kfﬁ?
kQJJ
kl

e 785
k795!
801
5O7
B2 15
83y
k&37

s5406
2412
2438
§424
2430
5436
2460
ad66
=478
a2434
2480
o496
s502
2508
gk514
#8520
ns2a
1nbh32
ns3é
ns44
nks50
nshho
85574
whol
5610
2616
5622
5640
8646
2670
si:'76
sS682
=088
694
s700
2724
a2730
8736
&2

! 5748
=78

=784
5790
8736
8802
2808
2828
8532
2838

d4 07
d413
4419
G425
d43l
oy 3
d46
dae
A479
485
Aa9l
d4a7
4503
ds09
dK81s
dsz21
ah2y
@533
eh3o
e2bd4n
@551
As57
dhR'7&
d593
A6l
61,7
da2s
de4l
3647
da7l
e
dGas
4689
Ad695%
d701
a472%
d731
737
3743
749
d7v7e
d788
4751
d757
dA803
dR09
a8z7
dB833
dsss

=408
s414d
5420
2426
o432
4438

1 n4g2

5468
5480
5486
48z
5498
3504
h&i1o0
2516
ah2d
H5H28
a8k4
5540
2544
4552
ahnhd
ns76
nho4
neLlLa
1néld 8
nez24d
nedz
hedg
he72
h&78
e84
s0o20
S6E9G
h702
n72a
n7iz
8738
2744
h750
n'7ao
n78a
s8792
2798
56804
h&lo
n828
1834
ng40

ndacs
n4als
na21
n427y
n433
n43e
n4g 63
2469
2481
n487
n493

85499 1
ngos h

rnhll

117
nsz23
nhz%
neE35h
ns4l.
nks47
nss3
nhH5ae
ns7v
nsos
negli

neLe
ne2s
nG43
ne&4s
n&a73
ne79
nessh

nesl

neasy
n'/03
n7a7
n733
n73y
n745
n7sl
n7al
nv7a87
nv793
n799
neos
ngll
ngs
ngis
ng4al

*didmkdig
1416 kALT
422 kq?ﬂ

A28 k429
E434 k435
440 k44l
hdfﬂ k465
ha70 ka7l
hatz k483
1488 k4GS
494 RA9S
1500 ksoﬂ
506 kS07

ﬁ%?” k13
618 k519
mm;a k525
hg?O kﬁ31
h536 k537
Hid2? kb4
hh&& k%4ﬁ
HEG54, k65T
hs60 k561
h578 k579
596 K597
D14 k6L
1620 T621
ha?r 627
bfl 4 k&4 ‘J
mawo kE51
he74 k675
MGa0 ke
hE8E KE87,
692 k693,
rrﬁa k699
704" k705,
hy2e k729
tvaa kaq
740 k741
1746 k747
752 k753
782 k783
788 kIR0
h794 k795
Esoo k801
hE806 k307
812 k813
1820 kRB3L
ha36 k837

PCTAUSIO04/017936

(SEQ ID NO. 785)
(SEQ 1D NO. 786)
(SEQ 1D NO. 787)

(SEQ 11D NQ, 788)
(SEQ I NQ. 78Y)

(SEQ 1N NQ. 790)

(SHQ 1D NOQ.791)

(SEQ 1D NO. 792)
(SEQ ID NO.793)
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Lysine Multiples

15 [0206) The phenomenon of lysine multiples in repliking, ‘kk’, ‘kkk’, etc,,
producing a high percent lysine, seen in the examples above in malaria, may be
related to increased virulence and increased mortality, since it is also seen in the
repliking of high mortality cancer proteins, such as in gastric cancer transforming
protetn, ‘kikkgnrvspimkyvith® (SEQ 1D NO. 88), and in transforming protein P2113

20 (K-RAS 2B) of lung ‘khkckmskdgkkkkkks® (SEQ 11D NO. 89), and in high
mortality SARS as in human SARS nucleocapsid protein
‘khldayktipptepkkdkkkk’, but is  less commonly seen in lower mortality
influenza. sirains a8 in 1918 HIN1 human influenza
‘klkgssypkisksyvinkgkeviviwgvhh® (Table 7a).

25
10207} The high concentration of overlapping Replikins in malaria, influenza
virus and cancer cells is consistent with the legendary high and rapid replicating
ability of malaria organisms. The muliitude of overlapping Repliking in malarid also
provides an opportunity for the organism to flood and confuse the immune system of

30 ifs host and thereby maximize the chance that the wrong antibody will be made and

perpelnated, leaving key malaria antigens unharmed.

[0208] As 11 the case of influenza virus, for example, peptide vaccines based
on the Replikin structure(s) found in the malaria organism can provide an effective
35 means of preventing and/or treating malana. Vaccination against malaria can be
achieved by administering a composition containing one or a mixture of Replikin
structures observed in Plasmodium faleiparum. Furthermore, antibodies to malaria
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Repliking can be generated and administered for passive inpmunity or malaria

detection.

Replikin Decoys:

[0209] In another difference from influenza virus replilins, Plasmodium
falciparum contains several repeating partial replikins, referred to herein as “replikin
decoys.” These decoys contain many lysines 6 to 10 residues apart in overlapping
faghion, similar to the true malaria repliking but without histiding residues. 1t is
believed 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, i.e, the replikin decoys, rather than the binding including histidine,
which is present in replikin siructure, such as replikins in respiratory snzymes,
which could result in desiruction of the trypanosome. For example, an incoming
antibody, with specificity for replikin structures, might attach to the replikin decoy

structure, leaving the true replikin struciure untouched.

[0210] Therefore, anti-replikin treatment of malaria would requite iwo phases
(dual treatment); i) preliminary treatment with profeolytic cnzymes that cleave
theReplikin decoys, permitting ‘safe passage’ of the specific anti-Replikin {reatment;
and 1i) attacking malaria Replikins cither with specific antibodics or by cellular
impmunity engendered by synthetic malaria Replikin vaceines or by organic means

targeting the malarna Replikins.
{02117 Table 10 provides a list of several Plasmodium falciparum Replikin

sequences. It should be noted that this list is not meant to be complete,  Different

isolates of the organism may contain other Replikin structures.

21
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Table 10

Malaria Repliking

a) Primary structure of a Plasmodium falciparum malaria antigen located

at the merozoite surface and within the parasitophorous vacuole

)
i) DECOYS:
(C-Terminal)
keeeekekekekekeekekeekekeekekekeekekekoekeeeklk (SEQ ID NO. 293), or
keeeekekekekekeckekeckekeekekekeekekekeekooekkek (SHQ 1D NO. 294), or
10 keeeckekekekekeckekeckekekeckekeekekeekeekeeekk (SEQ ID NO. 295), or

kececkekek (SEQ 1D NO. 296)

i) Replikins:
hicklilcalkkniesiguisk (SEQ 1D NO. 297)
15 hkkltkalkkniesignloan (SEQ T NQ. 298)
hidchilealklk (SEQ I NO, 299)
hldlikalle (SEQ I NQ., 300)
katysfvnikkkitslksqghkk (SEQ ID NO. 301)
katysfvntkkliisiksqghic (SRQ 1D NO. 302)
20 katysfmtldiislksgeh (SEQ 1D NQ. 303)
htyvkgkkapsdpgea dikeeckellkek (SEQ ID NO. 304)
kiistksqghk (SEQ ID NO. 305)
kidckfeplkngnvsetiklih (SEQ ID NO. 306)
kldkfeplkngnvsetiklih (SEQ D NO. 307)
25 klcfeplkngnvsetiklih (SEQ I NO. 308)
Ingnvsetiklih (SEQ ID NO. 309)
klihignkdlde (SEQ 1D NO. 310)
kvickigviikkfeplkngnvsetiklihlgnkdilkh (SEQ 1D NO. 311)
hliyknksynplllsevkkmnmlkenvdyigngalfkelmngkatysfvntickkiisik (SEQ 1D NO.
30 312) |
hiiyknksynpliscvikkmnmikenvdyigngnifkebmmgkatysfvntk (SEQ 1D NO. 313)
hliyknksynplllscvklmnmlkenvdyigngnlfkelmngl (SEQ 1D NO. 314)
hliyknksynplllscvkkmunmlkenvdyiqkngunitk (SEQ 1D NO. 3135)
92
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hiyvinksynpllsevikikmmmik (SEQ ID NO. 316)
ksarmsanngkknnacemlnlvnfigshkklikalikniesignkkh (SEQ ID NO. 317)
kknnacemlknlvnfigshkkdikalkkniesigokkh (SEQ 1D NO. 318)
knlvnflgshklklikalldkniesignkkh (SEQ ID NO. 319)
Kklikalkkniesiqnkkh (SEQ ID NO. 320)
klikalkkniesignkkh (SEQ ID NO. 321)
kknicsiqnklh (SEQ 1D NO. 322)

knjesignkkh (SEQ 1D NO. 323)
knnacemkulvnflgsh (8EQ 1D NO. 324)
klclikallckniesignkkqghkk (SEQ ID NO. 323)
klknnaeemknlvafigshk (SEQ 1D NO. 326)
kmaeemknlvnflgsh (SEQ D NO. 327)
klikalkkniesigokkqehkk (SEQ JD NO. 328)
kvkligvttkkfeplkngnvsetiklih (SEQ 1D NO. 329)
kngnvsctikiih (SEQ ID NO. 330)

klihignkdkk (SEQ ID NG, 331)
ksannsanngkknnacemknlvnflgsh (SEQ 1D NO. 332)
klennaeembknlvnflgsh (SEQ 1T NQ. 333)
kklikalkkniesignklch (SEQ 1D NQ. 334)
kalkknicsignkkh (SEQ ID NO. 335)

kkniesignkkh (SEQ 12 NO. 336)
kelmnglkatysfvntklckiislisqeh (SEQ 1D NO. 337)
ksqehkk (SEQ ID NO. 333)

kkkiislksqeh (SEQ 1D NO, 339)

kkiislksqgeh (SEQ 1D NO. 340)

Kkniesignkkh (SEQ 1 NO. 341)

kniesignkich (SRQ [ NO. 342)
htyvkpkkapsdpgeadikeeckellkek (SEQ TD NO. 343)
htyvkgkkapsdpgeadikeeckellk (SEQ 1D NO. 344 )

h) "liver stage antigen-3" gene="L5A-3" Replikins
henvisaalentgsceckkevidvieevk (SEQ I NO. 343)
kenvvtiilekveettassvitfanilecigentitndticekleelh (SEQ 1D NO. 340)
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hylggmkekfsiek (SEQ 1D NO. 347)
hylggmkekfskeknnnvievinkackkgnvavinktekttl (SEQ D NO., 348)
hylqqmkekfskeknnnvievinkaekkgnvgvinktekttkvdlkamk (SEQ ID NO. 349)
hylgqgmkekiskeknnnvievinkaekkgnvgvinktekttlevdlamkvpkkertgk (SEQ ID NO. 350)
3 hylggmkekfskeknnnvievinkaekkgnvgvinktekttkvdknnkvpklortglksk (SEQ 1D NO. 351)
hvdevmkyvgkidkevdkevskaleskndvinvikgnqdfskviknfvikyk (SEQ 1D NQ. 352)
hvdevmkyvqkidkevdkevskaleskndvinvikgugd fskvknfvkic (SEQ 11 NQ. 333)
hvdevmlcyvakidkevdievskaleskndvinvikqngdffsk (SEQ 11D NO. 354)
hvdevinkyvgkidkevdkevskaleskndvinvlk (SEQ D NO. 355)
10 hvdevimkyvgkidkevdkevskalesk (SEQ IID NO. 356)
hvdevmkyvgkidieevdkevsk (SEQ ID NO. 357)
bhvdevmkyvglidkevdle (SEQ T NO. 358)
hivdevimkyvgkidk (SEQ 1D NO. 359)
ledevidlivgkekriekvkaklddelekkveegvaptklh (SEQ ID NO. 360)
15 Lkvkeakkkklekkveepvaplkkh (SEQ 1D NO, 361)
kakkkidekkveegvsulkkh (SEQ 1D NQ. 362)
Klekklelloveegvsglideh (SEQ 1D NO. 363)
kkldekleveegvsgliddr (SEQ 1D NO. 364)
kiclekkveegvsglikh (SEQ 1D NO. 365)
20 ldekkveegvsplidih (SEQ I NO. 366)
kkveegvsglkkh (SEQ 1D NQO. 367)
kveegvsglkkh (SEQ 1D NO.368)
hvegnvyvdvdvpamkdgfigilneagglkemfinledviksesdvitveeikdepvak (SEQ ID NO. 369)
hikgleeddleevddikgsildmlkadmel gdmdkesledvitklgerveslls (SEQ TD NO. 370)
25 hikgleeddleevddikgsildmikgdmelgdmdkesledvttk (SEQ I NO. 371)
hikgleeddleovddikgsildmikgdmelgdmdk (SEQ 1D NO. 372)
hikgleeddleevddlkgsildmik (SEQ ID NO. 373)
lnisgdadvlssalgmdecgmktrklkagrpk (SEQ ID NO. 374)
hditttldevvelkdveedkiek (SEQ 1D NO. 373)
30 kkleevhelk (SEQ 1D NO. 370)
kleevhelk (SEQ D NO. 377)
ktietdileekkkeickdh (SEQ ID NQ. 378)
kkeiekdhfek (SEQ ID NO. 379)
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kdhiek (SEQ 1D NO. 380)
kfeesaceikh (SEQ ID NO. 381)

¢} 28 KDA ookinefe snrface antigen precursor Replikins:

5 kdgdiketlecagekkeikhksdhnhlesdhnhksdpnhkiknnunnk (8EQ ID NO. 382)
kdgdiketlecaggkkeikhlksdhnhksdhnhksdpnhlkk (SEQ 1D NO. 383)
kdgdtketlecaqgkleikhksdhnhksdhnhksdpnhk (SEQ 1D NO. 384)
kdgdtketiecaggkkeikhksdhnhksdhnhlk (SEQ 1D NO. 385)
kdgdtketlecaqgklkeikhksdimbk (SEQ ID NO, 386)

10 kdgdtketlecaggkkeikhk (SEQ ID NO. 387)
kdgdtketlecagghkis (SEQ 11 NO, 388)
kdgdiketlecagglk (SEQ ID NO. 389)
keiqaccnykecgeqkevwdgih (SEQ 1D NO. 390)
kecpegkevwdgih (SEQ D NO. 3913

15 hicckenndyvltnryecepknketsledink (SEQ D NO. 392)

d) Blood stage trophozoites and schizonts Replikins:
kedhnliksdhnhksdhohksdhnhlksdpubkkknnnnnk (SEQ 11D NO. 393)
ksdhnbksdhnbksdhnhksdpnbkicknnnnnk (SEQ 1D NO. 394)

20 ksdhyliksdhnhksdpnhkkkonnonk (SEQ T NO. 395)
lesdhnblksdpnhkklnnnnnk (SEQ 1D NO. 396)
kikknnnnnkdnksdpohlk (SEQ ID NO, 397)
klennnnnkednksdpnbk (SEQ 11D WO. 398)
fenmnnnkdnksdpnmhle (SEQ 1D NO. 399)

25 Jednksdpnhlk (SEQ 1D NO. 400)
kedpnhk (SEQ ID NO. 401)
hslyalggneeygkvimekdqgneildkikglieknk (SEQ ID NO. 402)
hslyalgqneeygkvinekdgneikkik (SEQ I NO. 403)
hslyalggneeygkvknekdgneikk (SEQ ID NO, 404)

30 hslyalggnecygkvknekdgneik (SEQ I NO. 405)
hklenleemdk (SEQ 1D NO. 406)
khfddntneglk (SEQ 1D NO. 407)
Kkeddekh (SEQ 1D NO. 408)
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keennkkeddekh (SEQ ID WO, 409)
kissgilnkeennkkeddelkh (SEQ ID NO. 410}
knihikle (SEQ 1D NO. 411)
hikkkegidigyk (SEQ I NO. 412)
kkmwicklwdnkgneitknil, (SEQ ID NO. 413 )
Klegigwnlikdemwicklwdnkeneitinih (SEQ 1D NO. 414 )
keldedsnenkkkgkedkknpnkIkkieytnkithffkaknnkqgnnvth (SEQ ID NO. 4135)
klkdsnenrkkkekedkknpnkilkicytnkithffkaknnkgquovih (SEQ 1D NO. 416)
]cdsne1"11'Ickkql{cd.kknpnkllclc.icylhkithfﬂ{a1{111'11{(“];1111\/‘[11 (SEQ 11D NO. 417)
kegkedicknpnklkkieytnkithftkalkonkqggnovth (SEQ 1D NO. 418)
kakedkknpnklkkicytnkithfikaknnkgqnnvth (SEQ TD NO. 419)
kedkknpnklidkieytnkith filcaknnkqgunvth (SEQ 1D NO. 420)
knpnkikkieytnkithffkalnnkqqunvth (SEQ 1D NO. 421)
kkicytnkithfflkaknnkqggnnvih (SEQ 1D NO. 422)
kieytnkithffcaknnkggnnvth (SEQ 1D NO. 423)
kithffkaknnkggnuvth (SEQ 11 NO. 424}
hknnedikndnslkdikndnskdikndnskdikndnnedikndnskdik (SEQ ID NO, 425 )
hicnnedikndnskdikndnsldikndnskdikndnnedilendnsk (SEQ 11D NO. 426)
hknnedikndnskdikndnskdikndnskdikndnnedik (SEQ 1D NO. 427)
hknnedikndnskdikndnskdikndnskdil (SEQ 11D NO. 428)
hknnedikndnskdikndnskdikndnsk (SEQ 1D NO. 429)
hknnedikndnskdikndnskdik (SEQ 1D NO. 430)
himnedikndnskdikndnsk (SEQ 11D NO. 431)
hknnedikndnskdik (SEQ ID NO. 432)
hknnedilk (SEQ 1D NO. 433)
kkyddignkynilnkiknsleckneelikkyh (SEQ TD NO. 434)
kyddlgnkynilnkiknslecknecliklkyh (SEQ ID NO. 435)
loymilnklknsleckneelldeyh (SEQ ID NO. 436)
klknsleekneelldkyh (SEQ ID NO. 437)
knsleekneelkkyh (SEQ 1D NO, 438)
kneelkkyh (SEQ 1D NO. 439)
hmgnngdimenvynikpgeflkececedismyntkk (SEQ 1D NO. 440)
knsnelkrindnfikth (SEQ 1D NO, 441)
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kpclyvkkekisqelvklkekisgywwempvidiftyernnvinskienniekiph (SEQ 1D NO. 442)
hinmeyinknpknellykneernyndunikdyinsmnfkk (SEQ ID NO. 443)
hinneytnknpknclykneemyndnnikdyinsmnfk (SEQ 112 NO. 444)
himneytnknpknellyk (SEQ 1D NQ. 445)

knkingskgvipeyekiketngh (SEQ IID NO. 446)
ktrgskgvikeeyekldetngh (SEQ D NO, 447)

kavkgeveklketngh (SEQ ID N(O). 448)

kgeyeklketngh (SEQ 1D NO. 449
kspmytnegnkscecsykkkssssukvh (8EQ 1D NO. 450)
kscecsykklssssnkvh (SEQ 1D NO. 451)

kkkssssnkvh (SEQ 1D NO. 452)

klessssnlovh (SEQ 1D NO. 453)

kasssnkvh (SEQ 1D NO. 454)

himlksgmytnegnksceesykldessssnk (SEQ 1D NO. 455)
himlksgmytnegnlscecsykkk (S13Q ID Nf). 456)
himllsgmyinegnkscecsylds (SEQ 1D NQ, 457)
himlksgmyinegnksceesyk (SEQ 11 NO, 458)
kplaktikreltginktkyergdviidnieigkiiirdyhetinvhkidh (SEQ I NO. 459)
krekiginktleyergdviidnteiqkilivdyhetinvbiddh (SEQ TD NO. 460)
ktginktkyergdviidnteigkiiirdybetinvhkldh (SEQ TD NO. 461)
kplaklrkrek tqinkikyergdviidnteigkiiirdyvhetlnvh (SEQ ID NO. 462)
Ieplaklrkrektginktleyergdviidnteigkilivdyh (SEQ 1D NO. 463)
klrkrelktginktoyergdviidnteigiiiirdyh (SEQ 1D NO. 464)
krektginktk yergdvitdnteiqkitivdyh (SEQ 11D NO, 4635)

Jtginktkyergdviidnteigkiiirdyh (SEQ 1D NO, 466)

kkdlkeklledsnenrkkkgkedidknpndnklkkieyinkith (SEQ 1D NO. 467)
kdkekkkdsnenrkkkgkedkknpndaklkkicytnkith (SEQ T NQ. 468)
kekkldsnenrkkkqgkedihnpndnkikkicytnkith (SEQ 1D NO. 469)
Kkkdsnenrkkkakedkbnpndokilkeytnkith (SEQ ID NO. 470)
Kedsnenrkkkgkedklmpndnklkkieytnkith (SEQ 10 NO. 471)
kdsnenrlkkkgkedkkupndnklikieytokith (SEQ 1D NO. 472)
kkkgkedkknpndnkilkkieytnkith (SEQ 1D NO. 473)
kkgkedkknpndnkikkieyinkith (SEQ 11 NO. 474)
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kglkedkknpndnkkkicytnkith (S8EQ 1D NO. 475)
kedkknpndnkiddeytmkith (5EQ ) NO. 476)
kkopndnklkkieyinkith (SEQ 113 NO. 477)
knpndnkikldeytnkith (SEQ 1D NO. 478)

5 Idkdaeytnkith (SEQ 11 NQ. 4749) |
kkieytnkith (SEQ 11D NO. 480)
kieytpkith (SEQ 1D NO. 481)
hgqikit::dvmlcnﬁmraq1111u1ky11(icck.mdiskslml.ksdfIel{ (SEQ ID NO. 482)
hggikiedvonenfinegriknkyndeckmdiskskslk (SEQ 1D NQ. 483)

10 hegikiedvinenfineqmkakyndeckmdisksk (SEQ ID NO. 434)
hgqikiedvimenfhnegmknkyndeekmdigl (SEQ 1D NQ. 485)
kkyddlgulkynilnklknsleckneelldoyh (S5EQ 1D NO. 486)
kyddlgnkynilulklknsleekneclkkyh (SEQ 1D NO. 487)
leynilnklknsleelmeclklyh (SEQ H) NO. 488)

15 kiknsleckneelkkyh (SEQ 11D NO. 489)
knsleekneelldoyh (8EQ 1D NO. 49G)
kneelkikvh (SEQ 1D NO. 491)
hmgnngdinenvynikpgefkeeeeedismvntikkeddigenik (SEQ ID NO, 492)
Kkinlyniynnknddkdnildnenreglyledvmknsnelkrindn{ikih (SEQ ID NO. 403)

20 knsnelkrindnfidh (SEQ ID NO. 494)
krindnfflddh (SEQ 1D NQ. 495)
hinncytnknpkncllyknecrnyndmmikdyinsmmfll (SEQ ID NO. 496)
hinneyinknpknellykneernyndnnikdyinsmnfk (SEQ 1D NO. 497)
hinneytnknplknellyk (SEQ I NO. 498)

25 kpelykkekisquwwempvkdtintyernnvinskienniekiph (SEQ 10 NO. 499)
kelisgvwwempvkdtityernnvinskicnnickiph (SEQ 1) NO. 500)
kiennickiph (SEQ I NO. 501)
knktngskpvkzeyekkketngh (SEQ 11D NO. 502)
kingskgvkgeyekkketngh (SEQ ID NQ., 503)

30 kgvkgeyekkketngh (SEQ 1D NO. 504)
kgeyekkketngh (58£Q ID NO. 505)
ktiekinkskswifeeldeidkplaklrkrekiginktkyergdviidnteigkiirdyh (SEQ 11 NO. 506)
kinkskswitecldeidkplakirkrekiqinktkyergdviidnteigkiirdyh (SEQ 11D NO. 507)
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kplakirkrektqinkteyergdviidnteigkirdyh (SEQ TD NO. 508)
himlksqmytnegnkscecsylkkkssssnkvh (SEQ ID NO. 509)
kirkrektqinktkyergdviidnteighkiirdyh (SEQ 1D NQO, 510)
Lrelctginktkyergdviidnteigkiirdyh (SEQ ID NO. 511)
ktginkthyergdviidnteiqkiirdyh (SEQ ID NO. 512}
kplakltkrekiginkikyergdviidnteigkiirdyhtlnvhkldh (SEQ ID NO. 513)
klrkrektqinktkyvergdviidnteigkiirdyhtinvhkldh (SEQ ID NO. 514)
krektginktleyergdviidnteigkiirdyhtinvhkldh(SEQ ID NQ. 515)
ktginktkyergdvildnteigkiirdyhtinvhkidh (SEQ ID NO. 516)
kplalerkrektginktleyergdviidnteigktivdyhtlnvh (SEQ ID NO. 517)
klrkrektqinktkyergdviidnteigkiirdyhtinvh (SEQ I NO. 518)
Ireltginktlyergdviidnteigkiirdybtlnvh (SEQ 1D NO. 519)
ktginktkyergdviidnteigkiirdyvhilnvh (SEQ 1D NO. 520}
himlksgmyinegnkscecsykikssssnkvh (SEQ ID NO. 521)
ksqmytnegnkscecsykklssssnkvh (SEQ 1D NO. 522)
ksceosylkkkssssnkvh (SEQ ID NO. 523)

klkksssenlevh (SEQ 1D NO. 524)

Ilesssanlovh (SEQ I NO. 525)

kssssnlkvh (SEQ ID NO. 526)
himlksqmytnegnkscecsykkkssssnlk (SEQ ID NO, 527)
himlksqmytnegnksacecsykkk (SEQ D NO. 528)
himlksgmytncankscecsykk (SHQ ID NO. 529)
himlksgmytnegnkscecayk (SEQ 1D NO, 530)
honbnigivkdkrinfmnphkvmyhdmmsknertek (SEQ 1D NO. 531)
hnunhnigiykdiinfimnphkyvmyhdnmslk (SEQ 11> NO. 532)
hnnhnigiykdlrmfimmphlk (8120 1D NO, 533)
hlevmyhdnmsknertek (SEQ ID NO. 534)

bkvrnyhdnmsk (SEQ ID NO. 535)

BTS00/ 7936

REPLIKINS IN STRUCTURAL PROTEINS
[0212] it has also been determined that some structural proteins include
Replikin structures, Structural proteins are molecules involved in tissue and organ
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support, such as collagen in skin and connective tissue and in membrane structures,
for example amyloid A4 precursor protein (APP) in brain, Overproduction of these
proteins is associated with disease; specifically, scleroderma in the case of
overproduction of collagen in skin (Table 11) and Alzheimer’s Disease in the case of

5 overproduction of APP in the brain (Table 12).

[0213] The association of scleroderma and imalignancy has been a source of
controversy during recent years. Several mechanisms of interrelationship have been
suggested in earlier reports. Recent long-term studies suggest an increased
10 agsociation-ratio of scleroderma and malignancy.  However, the underlying
mechanisms remain clusive. (Wenzel, I. Bur. 7, Dermatol, 20002 May-Jun; 12(3):

296-300).

10214} Several proteins concerned with the excessive production of proteins in
15 scleroderma have been found to contain Replikin structures. Thus, these provide
further examples of unrecognized targets for inhibition or cessation of excessive
collagen production. Table 11 provides a list of proteins in scleroderma and the

associated Repliking.

20 0215} The APP protein is the source of the amyloid beta A4 protein, which in
excessive amounts forms plagues in the extracellular spaces in the brain, producing
toxic elffects associated with nerve cell loss in Alzheimer’s Disease. Most studies lo
date have focused on the inability to clear the excessive deposits of A4, but have not
considered that, rather than a waste clearance problem, this may actually be a

25 problem of overproduction of the precurs'm.' protein APP. The high concentration of
the Repliking in APP (3.3 Repliking per 100 amino acids) strongly suggest that
overproduction may well be the cause of Alzheimer’s Disease (Table 12).
Therefore, the Replikins contained in Table 12 can be blocked or inhibited by the

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

Proteins overproduced in scleroderma and associated Replikins:

PMC1 HUMAN:

hreictigssggimlikdgvireskiagvikvacitelilk (SEQ 1D NO.536)
hreictigssggimliedgviresk (SEQ 11 NO.537)

34KD nucleolar scleroderma antigen:
hreictigssggimilkdgvireskiagvkvaciteliklicalendgk (SEQ ID N(O.538)
hreletiqesggimllkdgvlreskiagvlvaetelill (SEQ ID NO.5339}
Fibrillarin: |
kkmgqenmbkqpeqgltlepyerdh (SEQ TD NO.540)
kntggenmkpgegitlepyerdh (SEQ 1D NO. 541)

SrOP HUMAN:
hemeeskknrveindvepevikemmetivtgkapnldk (SBQ 110 NO.542)
hemeeskknrveindvepevikemmefiytgk (SEQ ID NO.543)
Centromere protein C:

khgelkvyk (SEQ ID NO.544 )

klilgpaeckglqgh (SEQ 1D NO, 543)

haribhk (SEQ ID NO. 546)

hhngsristlkkdngssk (SEQ D NO. 547)

hnssrkstkkingssk (SEQ TP NO. 548)
khhnilpktlandlchshicph (SEQ ID NO.549)
hhnilpktlandkhshk (SEQ 1D NOQ, 550)

hnilpktlandikhshk (SEQ ID NO. 551)

hnilpktlandk (SEQ 11 NO. 552)

kntpdskkissrnindhhb (SEQ 1D NO.553)

kntpdskkissrnindh (SEQ D NO. 554)
kdtergspskecqkshpksvpvssickle (SEQ 1D NO. 333)
kdteigspskecakshplksvpvsskk (SEQ 1D NO. 556)
hplesvpyssidek (S13Q 1D NO, 557)

hpksvpvsskde (SEQ 1D NQ. 558)

hpksvpvssk (SEQ 1D NQ, 559)
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Factor CTCBFE, KU antigen:
kalgekveikglub (SEQ 1D NO. 560)

kilfplicakkdqvtageifpdnhedgprakklktegggah (SEQ 1D NO. 561)
kilfplicakkkdqvtageifgdnb (SEQ 1D NO. 502)

klovikkierhsil (SEQ 1D NO. 563)
kKlovikkierh (SEQ 1D RO. 504)

kepsiplkgitequkegleivk (SEQ 1D NO. 565)

hepsfplkgiteqqk (SEQ TD NO. 560)
A'TP synthase subunit 6:
hillkilstflfic (SEQ 1D NO. 567)
hllgnndknllpsk (SEQ 1D NO. 568)

FBRRI. nuclear protein:

hrhegvlicrpkedalvik (SEQ TD NO. 56%)

hegvlicrgkedalvik (SEQ ID NO. 570)

bsggorgrmreekrehagsglk (SEQ 1D NO. 571)

krengsglknvmveph (SEQ ID NO. 57Z)

krpngsgknvimvephrh (SEQ 1D NO. 573)

klmqgennikpgegltiepyerdh (SEQ 1D NO.5374)
kmqgenmkpaeqltiepyerdh (SEQ I NO. 575)

HP1s-alpha protein:
haypedaenkeketak (SEQ ID NO. 576)

keanvkepqiviafyeeritwh (SEQ 1D NO. 577)
kvldrrvvkggveylikwkgfseeh (SEQ 1D NO, 578)

kpgveyllkwkglseeh (SEQ 1D NO., 579)

IFM/Sel nacleolar protein:

ksevaagvikisglpsaerlenvifgphdesh (S8EQ ID WN(Q.580)
lesevaagvkisgplpsaerlenvifgph (SEQ 1D NO. 581}
kaacyglkkaksetilhakniirpgll (SEQ 1D NQO. 582)

kaaeygkkaksctfiiihak (SEQ ID NO. 583)

ksetfillhak (SEQ ID NQO., 584)
haleniirpglk (SEQ ID NO. 585)
himlkiacelpk (SEQ 1D NO. 556)
hsldhliklyenvdsnk (SEQ 1D NO. 587)
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hilklyenvdsnl (SIQ ID NOQ. 588)

Table 12

Amyloid beta A4 precursor protein (APP) Repliking:

kakeriealkh (SEQ ID NO. 589)

kdrghtlk (SEQ I NO. 590)

kdrghtlkh (SEQ ID NO. 591)

ketesekstnlh (SEQ 11D NO. 592)
ktecisevikmdaefgh (SEQ ID NO. 593)
kiceisevkmdaefphdsgfevrh (SEQ ID NO. 594)
Ikyvraegkdrghtlich (SEQ ID NO. 593)
kyvraegkdeghtlkch (SEQ ID NO. 596)
kkyvraegldrgh (SEQ 1D NO. 597)
kyvraegkdrght (SEQ I NO. 598)
hhvvinmlkkyvraegl (SEQ ID NQO. 599)
hvinmikkyvraegk (SEQ 1D NO. 600)

hhv imiklyvraeqgldrghtikh (SEQ 11D NO. 601)
hvinmlkloyvraeqkdrghtlich (SEQ 11D NO, 602)
hahfgkakerieakh (SEQ 113 NO, 603)
hahfgkakerleak (SEQ ID NQ. 604)
higkakerleak (SEQ ID NO. 605)
hgermdveethlhwhtvaketesekstnlh (SEQ 1D NO. 606)
hqermdveethlhwhtvaketesek (SEQ 11D NO. 607)
hwhivaketesek (SEQ (D NO, 608)

hivaketesek (SEQ 1) NO., 609)
hihwhivaketcsek (SEQ 1D NO. 610)
hmnvgngkwesdpsgtktcigth (SEQ ID NO. 611)
hmnvgnglowesdpsgtk (SEQ 11D NO. 612)
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PASSIVE IMMUNITY
[0216] In avother embodiment of the invention, isolated Replikin peptides
may be used to generate antibodies, which may be used, for example to provide
passive immunity in an individual. Passive immunity to the strain of influenza
5 identificd by the method of the invention to be the most likely cause of future
influenza infections may be obtained by administering antibodies to Replikin
sequences of the identified strain of influenza virus to patients in need. Similarly,
passive immunity lo mualaria may be obiained by administering antibodies (o
Plasmodium falciparum Replikin(s).
10
[0217] Various procedures known in the art may be used for the production of
antibodies to Replikin sequences. Such antibodies include but are not limited to
polyclonal, monoelonal, chimeric, humanized, single chain, Fab fragments and
fragments produced by an Fab expression library. Antibodies that are linked to a
15 cyloloxic agent may also be generated. Antibodics may also be administered in
combination with an antiviral agent. Iurthermore, combinations of antibodics to

different Repliking may be administered as an antibody cocktail.

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

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

[0219 Monoclonal antibodies to Replikins may be prepared by using any
technique that provides for the production of antibody molecules. These include but

25 are nol limited to the hybridoma technique originally described by Kohler and
Milstein, (Nature, 1975, 256:495.497), thc human B-cell hybridoma technique
(Kosbor et al., 1983, Immunology Today, 4:72), and the EBV hybridoma technique
{Cole et al., Monoclonal Antibodies and Cancer Therapy, Alan R, Liss, Inc., pp. 77-
96). In addition, techniques developed for the production of chimeric antibodies

30 (Morrison ¢t al., 1984, Proc. Nat. Acad. Sei USA, 81:6851-6855) or other
techniques may be used. Alternatively, techniques deseribed for the production of
single chain antibodies (US 4,946,778) can be adapted to produce Replikin-specific
single chain antibodies.
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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. For example, antibodies to any of peptides observed to be present in an
emerging or re-emerging strain of influenza virus and combinations of such
antibodies are useful in the treatment and/or prevention of influenza. Simularly,
antibodies to any Repliking present on malaria antigens and combinations of such

antibodies are useful in the prevention and treatment of malaria.

[0221] Antibody fragments which contain binding sites for a Rephkin may be
generated by known techniques. For example, such fragments include but are not
limited to F(ab™)2 fragments which can be produced by pepsin digestion of the
antibody molecules and the Fab fragments that can be generated by reducing the -
disulfide bridges of the F(ab’)2 fragments. Alternatively, Fab expression libraries
can be generated (Fluse ot al., 1989, Science, 246:1275-1281) to atlow rapid and

easy identification of monoclonal Fab fragments with the desired specificily.

[0222] The fact that antimalignin antibody is increased in concentration in
human malignaney regardicss of cancer cell type (Figure §), and that this antibody
binds to malignant cells regardless of cell type now may be explained by the
presence of the Replilin stractures herein found to be present in most malignancies
(Figure 1 and Table 2). Population studies have shown that antimalignin antibody
increases in concentration in healthy adults with age, and more so in high-risk
families, as the frequency of cancer increases. An additional two-fold or greator
antibody increase, which occurs in early malignancy, has been independently
confirmed with a sensitivity of 97% in breast cancers 1-10 mnt in size. Shown to
localize preferentially in malignant cells in vivo, histochemically the antibody does
not bind to normal cells but selectively binds to (Figure 4a,b) and is highly cytotoxic
to transformed cells in vitro (Figure 4c-f).  Since in these examples the same
antibody is bound by several cell types, that is, brain glioma, bematopoietic cells
(leukemia), and small cel] 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 trans{ormation and replication i breast m
vivo and returns from elevated to normal values upon elimination of malignant cells
(Figure 5). Antimalignin 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 results suggest that anti-Replikin antibodies may
be a part of a mechanism of control of cell transformation and replication.
Augmentation of this immune response may be useful in the control of replication,
either actively with symthetic Replikins as vaccines, or passively by the
administration of anti-Replikin  antibodies, or by the introduction of non-immune
hased organic agents, such as for cxample, carbohydrates, lipids and the like, which

are similarly degigned to target the Replikin specifically.

10224} In another embodiment of the invention, imumune serum contaiing
antibodies to one or more Replikins obtained from an individual exposed to one or
more Replikins may be used to induce passive immunity in another individual or
animal. Tmsune serum may be administered via Lv. to a subject m need of
treatment. Passive immunity also can be achieved by injecting a recipient with
preformed antibodies to one or more Repliking, Passive immunization may be used
to provide immediate protection to individuals who have been exposed to an
infectious organism. Administration of immune serum or preformed antibodies is
routine and the skilled practitioner can readily ascertain the amount of serum or

antibodics needed to achieve the desired effect,

SYNTHETIC REPLIKIN VACCINES (ACTIVE IMMUNITY)

[0225] Synthetic Replikin vaccines, based on Repliking such as the glioma
Replikin (SEQ 1D NO.: 1) “kagvaflhkk” or the hepatitis C Replikin  (SEQ 112 NO.:
18) “hypplkpecivpak”, or HIV Repliking such as (SEQ 113 NO.: 5) “kefnegkegh™ or
(SEQ ID NO.: 6) “kvylawvpahk” or preferably, an influenza vaceine baged on
conserved and/or emerging or re-emerging Replilin(s) over a given time period may
be used to augment antibody concentration in order to lyse the respective virus
infected cells and release virus extraceflularly where chemical treatment can then be
effective. Similarly, a malaria vaccine, based on Replikins observed in Plasmodium.
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falciparam malaria antigens on the merozoite surface or within the parasitophorous
vacuole, for example, can be used to generale cytotoxic antibodies to malaria. Table
7 shows the relation of shertening or compacting of Replikin sequences to mortality
rate cavsed by the organisms which contain these Replikins, to as short as scven
amino acids, This correlation has been found by us {o be a general phenomenon
regardless of the type of organism. 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 abundani evidence that there are constant evolutionary and
competitive pressures for the emergence of constantly increasing “efficacy” of cach
infectious organism. Based upon these observations, and by projection, it would
appear that if evolutionary pressures are towards shorter and shorter Repliking, with
higher and higher concentrations of lysing (k), to as high as 70% as in EEL leukemia
(Table 7), then the projected theoretical ideal would be the shortest possible
Replikin permitted by the algorithm which defines a Replikin, that is six amino acids
(two ks six to ten amino acids apart), with the highest possiblé % k ( see Example
below in deduced Replikin “kkkkhk”, which contains 83.3% k, 5/6, and one
obligatory “h™). We have therefore, so-to-speak, taken what appears to be, or might
be, the next cvolutionary step, not apparently as vet taken by the organisms
themselves, and devised the resultant deduced Replikins to use as general vaceines.
These Replikins which we have deduced have maximum %‘k’s, therefore
maximum polential binding capacity, plus the constituent *h’ by defimtion required
for the Replikin, giving the potential for ‘h’ connection lo redox energy systems,
These devised Repliking are least likely to be cleaved by organisms because of their
short length (proteins are cleaved io 6 to 10 amino acids long in processing for
presentation to and recognition by inumune cells), therefore most likely (o present
intact to immune-forming apparatuses in the organism to which they are
administered, and, because of their high k content, they are most likely to generate a
maximum Inmune response which mimics and may increase the maximum such
response which can be generated against short homologous high mortality Repliking.
Further, we have found that high % k Replikins generate the highest antibody
responses when administored to rabbits. Thesc synthetic peptides, designed by us,
are designated as Universal synthetic epitopes, or “UTOQPE”s , and the vaccines
based upon these UTOPEs, are designated “UVAX”s. UVAXs, deduced synthetic
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vaceines, may be used as sole vaccines or 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 1D NO:
(UTOPE OR LUUVAX)

lelelclehk 732

Klelehkk 733

kkhkkk 734

fehklelek 735

Kldekdekh 736
Ikl 737
klkkkhklk 738
klskhidde 739
Jelehlekdele T4
hkldekls 741

hlckkkkk: 742

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

induce the immune system of the subject to produce anti-Replikin antibodies.
Generally, a 0.5 to about 2 mg dosage, preferably a 1 mg dosage of each peptide is
administered to the subject to induce an immune response, Subsequent dosages may

be administered i desired.

{0227] The Replikin sequence structure is associated with the function of
replication. Thus, whether the Repliking of this invention wre used for targeling
sequences that contain Repliking for the purpose of diagnostic identification,
promoting replication, or inhibiling or attacking replication, for example, the

structure-function relationship of the Replikin 1s fundamental.
[0228] Tt 35 preferable to utilize only the specific Replikin structure when
seeking to induce antibodies that will recognize and atiach to the Replikin fragment

and thereby cause destruction of the cell. Even though the larger profein 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 ineffective.

[0229] Although the present inveptors do not wish to be held to a single

5 theory, the studies herein suggest that the prior art vaceines 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 specific antibody formation); Replikin structures usually comprise one of
these polential epitopes. The presence of other epitopes within the Jarger protein

10 may interfere with adequate formation of antibodies to the Replikin, by "flooding"
the immune system with irrelevant antigenic stimuli that may preempt the Replikin
antigens, See, e.g., Webster, R.G., J. Immunol., 97(2):177-183 (1966); and Webster

et al., J. Infect. Ds., 134:48-58, 1976; Klenherman et al; Nature 394:421-422 (1998)

for a discussion of this well-known phenomenon of antigenic primacy whereby the

15 first peptide epitope presented and recognized by the immune system subsequently
prevails and antibodies are made to it even though other peptide epitopes are
presented af 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,
before presenting other epitopes from the organism so that the Replikin is not pre-

20 empled but lodged in immunological memory.

[0230] The formation of an antibody to a non-Replikin epitope may aliow
hinding to the cell, but not necessarily lead {o cell destruction. The presence of
structural "decoys" on  the C-termini of malaria proteins is another aspect of this
25 ability of other epitopes 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 cnzymes.,  Treatmen! may
thercfore be most cfficacious in two stages: 1) proteases (o hydrolyze decoys, then;

30 2) anti-Replikin antibodics or other anti-Replikin agents.

[0231] It is well known in the arl that in the course of antibody production
against a "foreign" protein, the protein is first hydrolyzed into smaller fragments.

109



10

15

20

b
A

30

WO 2005/010032 POTAUSZHAOTTIIG

Usually fragments containing from about six to fen amino acids are selected for
antibody formation. Thus, if hydrolysis of a protein does not result in Replikin-
containing fragments, anti-Replikin antibodics will not be produced. In this regard,
it is interesting that Replikins contain lysine residues located six to ten amino acids

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

[0232) Furthermore, Replikin scquences contain at least one histidine residuc.
Uistidine is frequently involved in binding to 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-rnal gnin
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 particuiar protein
antigen of a disease causing agent bave not been fully effective in providing
protection against the disease (such as foot and mouth vaccine which has been
developed against the VPT protein or large segments of the V1 protein) is that the
best antibodies have not been produced, that is — it is likely that the antibodies to the
Replikins have not been produced. Repliking have not been produced. That is,
cither epitopes other than Replikins present in the larger protein fragments may
interfere according to the phenomenon of antigenic primacy veferred to above,
and/or because the hydrolysis of larger proiein sequences into smaller sequences for
processing to produce antibodies results in loss of integrity of any Replikin structure
that is present, ¢.g., the Replikin is cut in two and/or the histidine residue 18 lost in
{he hydrolytic processing, The present studies suggest (hat for an effective VACCITE
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 system.,

[0234] Particularly preferred peptides - for example - an influenza vaccine
include peplides that have been demonstrated (o be 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 strains, e.g., an
mwrgix}g gslrain. The increase in Replikin concentration preferably occurs over a
petiod of at fcast about six months to one year, preferably at least about two years or
more, and most preferably about three years or more, Among the preferred Replikin
peptides for use in an influenza virus vaccine are those Repliking observed to "re-
emerge" after an absence from the hemagglutinin amino acid sequence for one or

more years.

[0235] The Replikin peptides of the invention, alone or in vanous
comhinations are administered to a subject, preferably by iv. or intramuscular
injection, in order to stimulate the immune system of the subject to produce
antibodies to the peptide. Generally the dosage of peptides is in the range of from
about 0.1 pg to about 10 mg, preferably about 10 pg to about 1 mg, and most
preferably about 50 pg to about 500 ug. The skilled practitioner cap readily
determine the dosage and number of dosages needed to produce an effective

HNInTme response.

QUANTITATIVE MEASUREMENT EARLY RESPONSIE(S) TO REPLIKIN
VACCINES

[0236] The ability to measure quantitatively the early specific antibody
response in days or a few weeks to a Replikin vaceine is a major practical advantage

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

measured.
ADJUVANTS
[0237] Various adjuvants may be used 1o enhance the immunological

response, depending on the host species, including but not limited to Freund’s
{complete and incomplete), mineral gels, such as alwminum hydroxude, surface
'
active substances such as lysolecithin, pluronic pelyols, polyanions, peptides, oil
emulsions, key limpet hemocyanin, dintrophenol, and potentially useful human
adjuvants such as BCG and Corynebacterivin parvum. [ addition to the usc of
synthetic UTOPEs as vaccines in themselvos, UTOPEs can be used as adjuvants lo
ather 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 diagnosig of
discases resulting from infection with a virus, bacterium or other Replikin encoding
5 agent. For example, Replikin nucleotide sequences may be used in hybridization
assays of biopsied tissue or blood, e.g., Southern or Northern analysis, including in.
situ hybridization assays, to diagnosc the presence of a parlicular organism in a
tissue sample or an envirommnental sample, for example. The present invention also
contemplates kits containing antibodies specific for particular Replikins that are
10 present in a particular pathogen of interest, or containing nucleic acid molecules
(sense ot antisense) that hybridize specifically to a particular Replikin, and

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

[0239] Also within the scope of the invention are oligoribonucleotide
15 sequences, that include antisense RNA and DNA molecules and rihozymes that
function to 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 mto a wide variety of
vectors for delivery to a subject. The skilled practitioner can readily determine the
20 besl ronte of delivery, although generally i.v. or i.m. delivery is routine. The dosage

amount is also readily ascertainable.

10240] Particularly preferred antisensc nucleic acid molecules are those that
are complementary to a Replikin sequence contained in a mRNA encoding, for
25 example, an influenza virus polypeptide, whercin the Replikin sequence comprises
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 residues. More preferred arc antisense nucleic acid molecules
that are complementary to a Replikin present in the coding strand of the gene or to
30 the mRNA encoding the influenza virus hemagglutinin protein, wherein the
antisense nucleic acid molecule is complementary to a nucleotide sequence encoding
a Replikin that has been demonstrated to be conserved over a period of six months to
one or more years and/or which are present in a strain of influenza virus shown to
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have an increase in concentration of Repliking relative to Replikin concentration .
other influenza virus strains. The increase in Replikin concentration preferably
occurs over a period of at least six months, preferably about one year, most

preferably about two or three years or more,

[0241] Similarly, antisense nucleic acid molecules that are complementary to
mRNA those that are complementary to a mRNA encoding bacterial Repliking
comprising a Replikin sequence of from 7 to about 50 amino acids meluding (1) at
least one lysine residue located six to ten residues from a second lysine residue; (2)
at Ieast one histidine residue; and (3) at least 6% lysine residugs. More preferred are
anlisense nucleic acid molecules that are complementary to the coding sirand of the

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

DIAGNOSTIC APPLICATIONS

{r242) For organisins such as diatom plankton, foot and mouth disease virus,
tomato leafl ewrl gemini virus, hepatitis B and C, HIV, influenza virus and malignant
cells, identified constituent Repliking are useful as vaccines, and also may be
usefully targeted for diagnostic purposes. For example, blood collected for
transfusions may be screened for comtamination of organisms, such as IV, by
screening for the presence of Repliking shown to be specific for the contamination
organism.  Also, screening for Replikin struclures specific for a particular
pathological organism leads {o diagnostic detection of the organism in body tissue or

i1 the environment.

REPLIKIN STIMULATION OF GROWTH

j0243] Tn another embodiment of the invention, Replikin structures are used to
increase the replication rate of cells, tissues or organs. A method is available to
increase replication rates by the addition of specific Replikin structures for other
cells, tissues or organs that it is desired to replicate more rapidly, together with or
without appropriate stimulae to cell division know in the art for said cells, tissucs or
organs to increase the rate of replication and yield. This may be accomplished, for

example, by mcthods known in the art, hy modifying or {ransforming a gene
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enicoding 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, Replikin structures are used (o
increase the replication of organisms. The present invention demonstrates thai in
influenza viras, for example, increased replication associated with epidemnics 1s
associated with increased concentration of Replikins. The increase is due to 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. In 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
different organisms can be targeted Lo inhibit replication of any organism, Repliking
can be used to increase the replication of any organism. For example, production of
yice, maize, and wheat crops, which are critical to feeding large populations in the
world, can be improved, for example, by increasing the concentration (number of

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

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

kfpdvihafkpnprsh (SEQ 1D NO. 638)

kipdvihafle (SEQ 112 NO. 639)

karyvidhwk (SIQ 1D NO.640)

hplevspelraiwvnylsgedesigvkianinvk (SEQ ID NO. 641)

katiblegnd e (SEQ ID NO. 642)

happtpitprpvverrgkatihkgndik (SEQ TD NO.643)

kfrpsssfdtittitnagapvwndnealtvgprepiliedyhlickvah (SEQ ID NQ. 644)

kirpsssfdtlctitinagapywndnealtvaprgpilledyn (SEQ 1D NO. 645)
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[0247} Thus, by using recombinant gene cloning technigues well known in the
art, the concentration of Replikin structurcs in an organism, such as a food crop
plant, can be increased, which will promote inereased replication of the OT{JAIiSm,
For example, inserting additional Replikin sequonces, lile the Replikins identified
above, into the Oryza sativa catalase gene by methods well know in the art will

promote this organism’s replication.

[0248] Similarly, in the NBS-LRR protein of Qryza sativa (Japonica cultivar
group), the following Replikins were found:
kvkahfglkd (SEQ ID NO. 647)
kvkahfglk (SEQ ID NO. 648)
kdyeidleddiih (SEQ 112 NQ. 648)
hmkqefafecavipk (SEQ 1D NQO. 630)
hvfwelvwrsifonviqigsifarkvyryggsdvttskihdlmhdlavh (SEQ I NO. 651)
kqigsifgrkvrygpsdvitskihdlmhdlavh (SEQ ID NO. 652)
kqigsifgrkvyrygpsdvitskihdlmb (SEQ 113 NO. 653)
kqgigsifgrkvyryggsdvitskih (SEQ 1D NO. 634)

{0249) Further, for aspartic profeinase oryzasin 1 precursor protein, the
following Repliking were found:

khgvsagils (SEQ 1D NO.G53)

htvidygkmrvgfak (SEQ ID NO, 657)

hsryksggsstyglngle (SEQ 1D NO, 658)

[0250] Similarly, in the MADS-box protein FDRMADS3 transcription factor
of Oryza sativa (indica cultivar-group), the following Repliking werc found:
kgeamvikqeinllgkglryiygnraneh (SEQ 1D NO. 639)
kqeinllgkglryiygnraneh (SEQ ID NO. 660)
kskegmlkaaneilgekiveqnglidvgmmyvadggngh (SEQ 1D NO.661)
kaaneilgekiveqnglidvemmvadggngh (SEQ I NO. 662)
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{0251) Similarly, in LONT MAIZE (ATP-binding redox associated Iydrolase;
Serine protesse; Multigene family; Mitochondrion), the following Replikins were
found:

kylaahrygile (SEQ 112 NO. 663)

klkiamkhliprvlegh (SEQ 1D NO.664)

kikiamkh (SEQ ID NO. 665)

kislassiakalnrkfirisiggvikdeadirgh (SEQ 1D NQ.666)

kalnrkfirisiggvikdeadirgh (SEQ ID NO. 667)

kfirislggvicdeadirgh (SEQ 1D NO. 668)

kvrlskatclvdrhlgsilvaekitgkvegqlsksglk (SEQ ID NO. 669)

hlgstlvaekitglevegglsksqle (SEQ 1D NO. 670)

kvrlskatelvdrh (SEQ ID NO. 671)

kvggsavesskqdtkngkepithwhskgvaaralh (SEQ ID NO. 672)

kvpgsavesskqdtkngkepithwh (SEQ 1D NO. 673)

kvggsavesshgdikngkepih (SEQ 11D NO. 674)

kqdtkngkepihwhskgvaaralh (SEQ 1D NO. 675)

kqdtkngkepih (SEQ 1D NO. 676)

[0252] Similarly, for Glyceraldehyde 3-phospate dehydrogenase A, 4
chloroplast precursor, the following Repliking are found:
hrdleraraaalnivptstgaakavslvipnlk (SEQ ID NO. 677)
kviddgkfiiikgtmitth (SEQ 1D NO. 678)
higagakkvlitapgk (SEQ 1D NO. 679)
hgrgdaspldviaindtgevkqashille (SEQ ID NQ. 680)
lggashllk (SEQ 1D NO. 710)

[0253] Further, examples of rust resistance-like protein RP1-4 (Zea mays)
found include the following Replikins:
kvrrviskdyssikqimtimmdddiskhlgiiesgleeredkvwmkeniik: (SEQ ID NO. 681)
Jevrrviskdyssikqlmtlmmdddiskh (SEQ ID NO. 682)
higiicsgleeredkvwmkeniik (SEQ ID NO.683)
hdbeniimkaddlask (SEQ YD NO. 684)
hvgnlenvighkdealask (SEQ ID NO. 685)
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kkggyelrglkdinclggslh (SEQ 1D NO. 686)

kggeyelrqikdlnelggslh (SEQ 113 NO. 687)

klylksrikelilewssengmdamnith (SEQ ID NO. 688)

hlglglngmveripnlevenlsklrylroyvidgipnigk (SEQ TD NO. 689)

higligingmverlpnicveniskrylrgyk (SEQ ID NO. 690)

hlgliglngmverlpnkvenisk (SEQ 11 NO, 691 )

hnsnklpksvgelk (SEQ ID NO. 692)

klpkvgelkh (SEQ ID NO. 693)

hlsvrvesmgkhkeiiylk (SEQ 1D NO. 694)

khkeiiyk (SEQ IID NO. 695)

klrdilgesgkfllvidlatilch (SHQ 11> NO. 696)

hafsgaeikdqllrmklgdtaceiakrigqeplaakvigsrmerk (SEQ 1D NO. 697)
" hafspacikdglhmk (SEQ 1D NO. 698)

klgdtaceiakrlgqelaakvlgsrmerrkdiaewkaadvwieksh (SEQ 1D NO. 699)

kvlgsrmerrkdiaewkaadvwfeksh (SEQ TD NO. 700)

kdiacwlkaadvwieksh (SEQ 1D NG, 701)

kaadvwieksh (SEQ ID NO, 702)

hvptttsiptskvimsdrdrivk fllghttiacasstle (S1EQ 1D NO, 703)

kailtealqlecdIlglph (SEQ ID NO. 704)

kakakspkapllredossstattvmkpfh (SEQ 1D NQ. 7035)

ksphrgkleswinlkeafydaedlldeh (SEQ ID NO. 706)

ksphrgkleswirrlk (SEQ 1D NO. 767)

hrgkleswirtlks (SEQ 1D NO, 708)

ksphrgk (SEQ ID NO. 709)

[0254] - As discussed previously, the Replikin in wheat ubiquitin activating
enzyme B (SEQ ID Nos. 614-616) is conserved. This conscrvation of Replikin

strueture provides reliable targets for stimulation of plant growth.
[0255] The close relationship of Repliking to redox enzymes is also clearly
indicated in this struciure in wheat. Thus, this wheat ubiquitin activating enzyme B

activates ubiquitin by first adenylating with ATP its carboxy-terminal glycine
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residue and, thereafter, linking this residue to the side chain of a cysteine residuc in

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

10256) A further example of the relationship of wheal Replikins to redox
enzymes was also found in the PSABWheat Protein, Photosystem 1 P700
chlorophyll A apoprotein A2 (PsaB) (PSI-B) isolated from bread Chinese spring
wheat Chloroplast Triticum aestivumi.  This protein functions as follows: Psad and
PsaB bind 9700, the primary electron donor of photosystem 1 (PSI), as well as the
clection aceeptors AQ, Al, and FX. PSI functions as & plastocyanin/eytochrome ¢6-
forredoxin oxidoreductase.  Cofactor P700 is a  chlorophyll A dimer, A0 I3
chiorophyll A, Al is a phylloquinone and FX is a 4Fe- 48 iron-sulfur center. The
subunit A psaA/S heterodimer binds the P700 chlorophyll special pair and
subsequent electron acceptors. The PSI reaction center of higher plants and algae 1%
composed of one at least 11 subunits. This 18 an integral membrane protein of the
Chloroplast thylakoid membrane. The 4Fe-4S iron-sulfur"center” to which "h' bind
is critical; hence the significance of ‘h” in Replikin structure, Next to bacterial
Replikins, these wheat Repliking and plant Repliking arc the most primitive
evolutionary Illustrations of the importance of the Replikin structure to replication
and the cnergy source necded for replication. This basic relationship carries through
algae, virus Replikins, bacteria, cancer cells, and apparently all organisms with

regard to replication.

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

which is eritical for wheat growth, These include:
higpkwipslswiltnaesrinhh (SEQ 11D NO.617)
hlgpkwkpslswik (SEQ 1D NO. 618)
kwkpslswiknaesrinbh (SEQ ID NO. 619)
kwlpslswiknaesrinh (SEQ 1D NO. 620)
kpslswiknaesrinhh (S13Q 1D NO. 621)
kpslswiknaestinh (SEQ 1D NO. 622)
hhaialgttlilvkgaldargsklmpdkk (SEQ ID NO. 623)
haialgihtttlilvkgaldargskimpdklk (SEQ ID NO. 624)
thaialglhttthilvkealdargsic (SEQ 11D NO. 625)
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haialglhittlilvicgaldargsk (SEQ 1D NO..6206)
hittlilvkgaldargskimpdik (SEQ ID NO.627)
hittlilvkgaldargsklmpdlk (SEQ 1D NO. 628)
hitthlvkgaldargsk (SEQ ID NO. 629)

5
[0258] A further example of the relationsghip of wheat Repliking o redox is
provide in the PSAA_WHEAT Photosystem I 9700 chlorophyll A apoprotein Al,
that include:
hhhlaiailfliaghmyrinwpgighplkdileahkgp fgaehk (SEQ 1D NO. 630)
10 hhlajailfliaghmyrtnwgighglkdileahkgpfggebk (SEQ ID NO. 631)

haiailfiaghmyrinwgighglkdileahkgpflggehk (SEQ 112 NO. 632)
himyrlnw gighglkdileabkgpftgqehk (SEQ TD NO. 633)
hgledileahkgpfiggehik (SEQ 1D NO. 634)
hdileahkgpltggghle (SEQ 11 NGO, 633)

15 hlegpfiggghk (SEQ ID NO. 636)
kepfiggghk (SEQ 1D NO. 637)

COMPUTER SOFFWARE FORIDENTIEYING REPLIKING
[0259] The present invention also provides methods for identifying Replikin
20 sequences in an amine acid or nucleic acid sequence. Visual scanning of over four
thousand sequences was performed in developing the present 3-point-recognition
methods. However, data banks comprising nucleotide and/or amino acid sequences
can also be scanned by computer for the presence of sequences meeting the 3 point
recognition requirements.
23
|0260) According to another embodiment of the invention, three-point
recognition methods described herein may be performed by a computer, Figure 6 is
a block diagram of a computer available for uge with the foregoing embaodiments of
the present invention. The computor may include a processor, an input/outpul
30 device and a memory storing cxccutable program instructions represcnting the 3-
point-rccognition methods of the foregoing embodiments. The memory may
include a static memory, volatile memory and/or a nonvolatile memory. The static
memory conventionally may be a read only memory (“ROM™) provided on a
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magnetic, or an clecirical or oplical storage medium.  The volatile memory
conventionally may be a random aceessmemory (“RAM™) and may be integrated as
a cache within the processor or provided externally from the processor as a scparate
integrated circuit.  The non-volatile memory may be an electrical, magnetic or

optical storage medivm,

{0261} From a protecomic point of view the construction of a “3-point
recognition” template based on the new glioma peptide sequence led directly to
identification of a biology-wide class of proteins having related structures and
functions. The operation of the 3-point-recognition method resembles identification
by the use of a “keyword”search; but instead of using the exact spelling of the
keyword “kapvafihlk™ (S1EQ D NO.: 1) as in a typical sequence homology search,
or in the nucleotide specification of an amine acid, an absiraction of the keyword
delimited by the *3-point-tecognition” parametcrs is used,  This delimited
abstraction, although derived from a single relatively short amino acid sequence
leads to identification of a class of proteins with structures that are deflined by the
same specifications. That particular functions, in thiz case transformation and
replication, in addition to structures, turn out also to be shared by members of the
exposed class suggests that these structures and fimctions are refated. Thus, from
this newly identified short 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 Replikins, 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 protecomic method that specifies a
patticular class of proteins, using three or more different recognition points for other
peptides similarly should provide wseful information concerning other protein
classes, Further, the “3-point- recognition” method is applicable to other recognins,
for cxample to the TOLL ‘innate’ recognition of lipopolyssacharides of organisms.
The three point recognition method may also be modified to identify other uselul
compounds of covalently linked organic molecules, including other covalently
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linked amino acids, nucleotides, carbohydrates, lipids or combipations thereof. In
this embodiment of the invention a scquence is screencd for subseqguences
containing three or more desired structural chavacieristics. In the case of screening
compounds composed of covalently linked amino acids, lipids or carbohydrates the
subsequence of 7 to 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 least
one second amine acid, lipid or carbohydrate residuc; and (3) at least 6% of the first
amino acid, carbohydrate or lipid residue, In the case of screening 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 to thirty
nucleotides from a second codon encoding the {irst amino acid residue; (2) at least
one second amino acid residue; and (3) encodes at Jeast 6% of said first amino acid

residuc.

[0263] Several embodiments of the present invention arc " 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 spuil aid

intended scope of the invention.

TXAMPLY 1

PROCESS FOR EXTRACTION, ISOLATION AND
IDENTIFICATION OF REPLIKINS AND THE USE OF REPLIKINS TO
TARGET, LABEL OR DESTROY REPLIKIN-CONTAINING ORGANISMS

a) Algae

[0264] 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 algac were homogenized. in a cold room (at 0 to 5 degrees C}in 1 gram
aliquots in neutral buffer, for example 100 ¢c. of 0.005M phosphate buffer solution,
pH 7 (“phosphate buffer™) for 15 minutes in & Waring blender, centrifuged at 3000
rpm, and the supernatant concemirated by perevaporation and dialyzed against
phosphate buffer in the cold to prc;ducc 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 protein fraction having a pK. range

between 1 and 4.

[0265] The preferred method of fractionation is chromatography as follows:
The extract solution is fractionated in the cold room (4° C) on a DEAE cellulose
(Cellex-D) column 2.5x11.0 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. Nal{2P04 and 0.5g NaH2P04 are dissalved in 15 litres of
distilled water (0.005 molar, pHd 7);
Solution 2 - 8.57 g. NaH2P0M is dissolved in 2,480 ml. of distilled watcr,
Solution 3 - 17.1 g. of NaH2P04 is dissolved in 2480 ml of distilled water
(0.05 molar, pt 4.7);
Solution 4 « 59,65 g. of NalH2P04 is dissolved in 2470 mi distilled water
(0.175 molar);
Solution 5 - 101.6 g. of Naf2P04 is dissolved in 2455 ml distilled water
(plf 4.3);
Solution. 6 - 340.2 g. of NaH2P04 is dissolved in 2465 of distilled water
(1.0 molar, pX-14.1);
Solution 7 - 283.63 p. of 80% phosphoric acid (F13P04) is made up in 2460
m} of distilled water (1.0 molar, pkf 1.0},

[0260] The extract solution, in 6 to 10 ml volume, is passed opto the column
and overlayed with Solution 1, and a reservoir of 300 ml of Solution 1 is attached
and allowed fo drip by gravity onto the column. Three ml aliquots of eluant are
colleeted and analyzed for protein content at OD 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 succession by Solutions 3, 4, 5, ¢ aid 7 until all of
the protein which can, be removed with each Solution is removed from the column.
The cluates from Solution 7 are combined, dialyzed against phosphate butfer, the
protein content determined of both dialysand and dialyzate, and both analyzed by gl
glectrophoresis.  One or two bands of peptide or protein of molecular weight
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between 3,000 and 25,000 Daltons arc obtained in Solution 7. For example the
algae Caulerpa mexicana, Laurencia obtura, Cladophexa prolifera, Sargassum.
patans, Caulerpa verticilata, Halimeda tuna, and Penicillos capitatus, after
extraction and treatmeni as above, all demonstrated in Solution 7 eluates sharp
peptide bands in this molecular weight region with no contannnants. These Solution
7 proteins or their efuted bands are hydrolyzed, and the amino acid composition
determined. The peptides so obtaned, which have a lysine composition of 6% or
greater ave Replikin precursors.  These Replikin peptide precursors arve then
determined for amino acid sequence and the Replikins are determined by liydrolysis
and mass spectrometry as detailed in U.S. Patent 6,242,578 31, Those that fulfill
the criteria defined by the “ 3-point-recognition” method are identified as Replikins.

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

b) Virus
[0267) Using the same extraction and columm chromatography separation

methods as above in a) for algae, Replikins in virus-infected cells are isolated and

identified.
¢) Tumor cells in vive and in vitro tissne culture
[0268] Using the same extraction and column chromatography separation

methods as above in a) for algae, Replikins in tumor cells are isolated and identified.
For example, Replikin precursors of Astrocytin isolated {from malignant brain
tumors, Malignin (Aglyco 10B) isolated from glioblastorna tumor colls in tissue
culture, MCF7 mammary carcinoma cells in tissue culture, and 23] Lymphoma cells
in tissue culture each treated as above in a) yielded Replikin precursors with lysine
content of 9.1%, 6.7%, 6.7%, and 6.3% respectively.  Hydrolysis and mass
spectrometry of Aglyco 108 as described in Bxample 10 U.S. 6,242,578 Bl

produced the amino acid sequence, yicagvafihkkndiide the 16-mer Replikin.
EXAMPLE 2:
[0269] As an example of diagnostic usc of Repliking: Aglyco OB or the 16-

mer Replikin may be used as antigen to capture and guantify the amount of its
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corresponding antibody present in serum for diagnostic purposes are as shown in

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

[0270] As an example of the production of agents to attach to Replikins for
labeling, nutritional or destructive purposes: Injection of the 16-mer Replikin into
rabbits to produce the specific antibody to the 16-mer Replikin is shown in Bxample

G and Figures 9A and 9B of 1.5, 6,242,578 B1.

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

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

16272] As an cxample of the use of agents {o destroy Replikins: The use of
antibodics to the 16-mer Replikin to inhibit or destroy specific cells which contain

this Replikin is shown in Figure 6 of U.S. 6,242,578 B1.

EXAMPLE 3

(0273} Analysis of scquence data of 1solates of influenza virus hemagplotinin
protein or neuraminidase protein for the presence and concentration of Replikins is
carried out by visual scanning of scquences or through use of a computer program
based on the 3-point recognition system described herein. Isolates of influenza viras
are obtained and the amino acid sequence of the influenza hemagglutimn and/or
neuraminidase prolein is obtained by any art known method, such as by scquencing
the hemagglutinin or neuwraminidase gene and deriving the profein sequence
therefrom. Sequences are scanned for the presence of new Repliking, conscrvation
of Repliking over time and concentration of Replikins in each isolate. Comparison
of the Replikin sequences and concentraiions to the amino acid sequences obtained
from isolates at an carlier time, such as about six months to about three years carlier,
provides data that are used to predict the emergence of strains that are most likely to
be the cause of influcnza in upcoming flu seasons, and that form the basis for
seasonal influenza peptide vaccines or nucleic acid based vaceines. Observation of
an incresse in conceniration, particularly a stepwise increase in concenfration of
Replikins in a given strain of influenza virus for a period of about six months to
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about three years or more is a predictor of emergence of (he strain as a likely cause

of influenza epidemic or pandemic in the future.

[0274} Peptide vaceines or nucleic acid-based vaccines based on the Repliking
observed in the emerging strain are generated. An cmerging sirain 13 identified as
the strain of influenza virus having the highest increase in concentration of Replikin
sequences within the hemagglutinin and/or neuraminidase sequence during the time
period.  Preferably, the peptide or nucleic acid vaceineg 1s based on or includes any
Replikin sequences that are observed to be conserved in the emerging strain.
Conserved Replikins are preferably those Replikin sequences that are present in the
hemagglutinin or nevraminidase protein sequenice for about two years and preferably
longer. The vaccipea may include any combination of Replkin sequenccs

identified in the emerging strain.

[0275] Yor vaceine production, the Replikin peptide or peptides identificd as
wseful for an effective vaceine are synthesized by any method, including chemica
synthesis and molecular biology techniques, inclunding cloning, cxpression in a host
cell and purification therefrom. The peptides are preferably admixed with a
pharmaceutically accoptable carrier in an amount determined to induce a therapeutic

antibody reaction thereto. Generally, the dosage is about 0.1 pg to about 10 myg.

10276) The influenza vaccine is preferably administered to a patient in need
{hereof prior Lo the onset of "flu season.” Influenza flu scason generally occurs it
latc October and lasts through late April. However, the vaccine may Dbe
administered at any time dwing the year. Preferably, the influenza vaceine 1s
administered once yearly, and is based on Replikin sequences observed to be
present, and preferably conserved in the emerging strain of inflacnza virus. Another
preferred Replikin for inclusion in an influenza vaceine is a Replikin demonstrated

to 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 Replikins
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is carried out by visual scanning of sequences or through vse of a computer program
bascd on the 3-point recognition method described herein. Isolates of coronavirus
are obtained and the amino acid sequence of the coronavirus protein is obtained by
any method known in the art, such as by sequencing the protein’s gene and deriving
5 the protein sequence therefrom. Sequences ave scanned for the presence of new
Repliking, conservation of Repliking over time and concentration of Replikins in
cach isolate. Comparison of the Replikin sequences and concentrations to the anuno
acid sequences obtained from isolates at an earticr time, such as about six months to
about three years earlier, provides data that are used to predict the emcrgence of
10 strains that are most likely to be the cause an ountbreak or pandemic, and (hat form
the basis for coronaviras peptide vaccines or nucleic acid based vaccines.
Observation of an increase in concentration, particularly a stepwise inerease in
concentration. of Repliking in a given class, or strain, of coronavirus for a period of
about six months to about three years or more is a predictor of emergence of the

15 strain as a likely cause of an epidemic or pandemic, such as SARS, in the {uture.

[0278] Peptide vaccines or nuclcic acid-based vaccines based on the Repliking
observed in the emerging strain of coronaviruses are generated. An emerging strain
is identified as the strain of coronovirus having the highest increase in concentration
20 of Replikin sequences within the nucleocapsid sequence during the time period.
Preferably, the peptide or nucleic acid vaceine is based on or includes any Replikin
sequences that are observed to be conserved in the strain, Conserved Repliking are
preferably those Replikin scquences which are present in the nucleocapsid protein
sequence for about two years and preferably longer. The vaccines may include any

25 combination of Replikin sequences identified in the emerging strain.

[0279} For vaccine production, the Replikin peptide or peptides identified as
nseful for an cffective vaccine are synthesized by any method, including chemical
synthesis and molecular biclogy techniques, including cloning, expression in a host
30 ccll and purification therefrom. The peptides are preferably admixed with a
pharmaceutically acceptable catrier in an amount determined to induce a therapeulic

antibody reaction thereto, Generally, the dosage is about 0.1 pg to about 10 mng.
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J0280] The coronavirus vaceine may be administercd to a patient at any time
of the year. Preferably, the coronavitus vaceine is administered once and is based
on Replikin sequences observed (o be present, and preferably conserved, in the

clagses of coronavirus.

EXAMPLE S
[0281] Analysis of scquence data of isolates of Plasmodium falciparum

antigens for the presence and concentration of Replikins is carried out by visual
scanning of sequences or through use of a computer program based on the 3-point
recognition method described herein.  Isolates of Plasmodium falciparum are
oblained and the amino acid sequence of the protein is obtained by any art known
method, such as by sequencing the gene and deriving the protein sequence
therefrom. Sequences arc scanned for the presence of Replikins, conservation of
Replikins over time and  concentration ol Repliking in each isolate. This
information provides data that arc used to form the basis for anti-malarial peptide

vaceines or nucleic acid based vaccines.

[0282] Peptide vaceines or nucleic acid-based vaccines based on the Replikins
observed in the malaria causing organism are generated. Preferably, the peptide or
nucleic acid vaceine is based on or includes any Replikin sequences that are
observed 1o be present on a surface antigen of the organism. The vaccines may
include any combination of Replikin sequences identified inn the malaria causing

strain,

[0283] For vaceine production, the Replikin peptide or peptides identified as
usef} for an effective vaccine are synthesized by any method, including chemical
synthesis and molecular bielogy techniques, inchuling cloning, expression in a host
cell and purification therefroms. The peptides are preferably admixed with a
pharmaceutically acoeptable carrier tn an amount determined to induce a therapeutic

antibody reaction thereto. Generally, the dosage is about 0.1 pg to about 10 mg.
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[0284] Then malaria vaccine is preferably administered to a patient in need
thereof at any time during the year, and particwlarly prior to travel to a tropical

gnvirontent,

[4285] Another embodiment includes an aniisense nucleic acid molecule
complementary to the coding strand of the gene or the mRNA encoding Organtsm
for the replikins in organisms including, but not limited to, viruses, rypanosomes,
bacteria, fungi, algae, amoeba, and plants, wherein said antisense nucleic acid
molecales is complementary to a pucleotide scquence of a replikin containing

organism.
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What 15 claimed is:

Claim 1.

Claim 2.

Claim 3.

Claim 4.

Claim 5,

Claim 6.

Claim 7.

Claim &,

Claim 9.

Claim 10.

Claim 11,

An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino

acids comprising the amino acid sequence of SEQ ID NO: 712,

An antibody which recognizes a coronavirus peptide comprising the amino

acid sequence of SEQ 1D NO: 712,

An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino

acids comprising the amino actd sequence of SEQ 1D NO: 717.

An antibody which recognizes a coronavirus peptide comprising the amino

acid sequence of SEQ 1D NO: 717,

An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino

acids comprising the amino acid sequence of SEQ 1D NQO: 718.

An antibody which recognizes a coronavirus peptide comprising the amino

acid sequence of SEQ 1D NO: 718.

An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino

acids comprising the amino acid sequence of SEQ 1D NO: 719,

An antibody which recognizes a coronavirus peptide comprising the amino

acid sequence of SEQ ID NO: 719.

An isolated or synthesized coronavirus peptide consisting of 7 to 50 amino

acids comprising the amino acid sequence of SEQ 1D NO: 720,

An antibody which recognizes a coronavirus peptide comprising the amino

acid sequence of SEQ 1D NO; 720,

A coronavirus vaccine comprising the amino acid sequence of SEQ 1D NO:

712 and a pharmaceutically aceeptable carrier,
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Claim 12, A coronavirus vaccine comprising the amino acid sequence of SEQ 1D NO:

717 and a pharmaceutically acceptable carrier.

Claim 13. A coronavirus vaceine comprising the amino acid sequence of SEQ 1D NO:

718 and a pharmaccutically acceptable carrier.

Claim 14. A coropavirus vaccine comprising the amino acid sequence of SEQ ID NO;

719 and a pharmaceutically acceptable carrier.

Claim 135, A coronavirus vaccine comprising the amino acid sequence of SEQ 1D NO:

720 and a pharmaceutically acceptable carrier,

Claim 16. An isolated or synthesized SARS coronavirus peptide consisting of 7 to 50
amino acids whercin said peptide is isolated or synthesized by identifying a
motif consisting of

(1) at least one lysine residue located at a first terminus of said motif
and at least one lysine residue or at least one histidine residue
located at a second terminus of said motif}

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

(3} at least one histidine residuc; and

(4 at least 6% lysine residues,

sclecting said identified motif and isolating or synthesizing said coronavirus
peptide comprising said identified motif.

Claim 17, A synthetic peptidc consisting of the amino acid sequence of a UTOPE
wherein said amino acid sequence of said UTOPE is selected from the group
consisting of: SEQ 1D NO: 732, SEQ ID NO: 733, SEQ ID NO: 734, SEQ 1D
NO: 735, SEQ 1D NO: 736, SEQ ID NO: 737, SEQ 11D NO: 738, SEQ ID NO:
739, SEQ 1D NO: 740, SEQ ID NO: 741 and SEQ 1D NO: 742,

Claim 18, An anti-Replikin vaceine (UVAX) comprising at lcast onc UTOPE of claim 31

and a pharmaceutically acceptable carrier.
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Claim 19.

Claim 20,

Claim 21.

Claim 22,

Claim 23.

Claim 24.

Claim 25.

Claim 26.

An anti-UTOPE antibody specific for a UTOPE wherein said UTOPE is a
synthesized peptide about 6 to about 10 amino acids long comprising all
lysines except for one histidine and wherein said UTOPE comprises one of the
sequences selected from the group consisting of: SEQ ID NO: 732, 8EQ ID
NO: 733, SEQ ID NO: 734, SEQ 1D NO: 735, SEQ ID NO: 736, SEQ ID NO:
737, 8EQ 1D NO: 738, SEQ 1D NO: 739, SEQ 1D NO: 740, SEQ ID NO: 741
and SEQ ID NQO: 742,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysines except for

one histidine and SEQ 11D NO: 732,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysines except for

one histidine and S8EQ 1D NQ: 733.

peptide about 6 to about 10 amino acids long comprising all lysines except lor

one histidine and SEQ 1D NQ: 734,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
pepiide about 6 to about 10 amino acids long comprising all tysines except for

one histidine and wherein satd UTOPE comprises SEQ 1D NO: 735,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 o about 10 amino acids long comprising all lysincs except for

one histidine and wherein said UTOPE comprises SEQ 1D NO: 736,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysines cxeept for

one histidine and wherein said UTOPE comprises SEQ 1D NO: 737.
An antibody specific for a UTOPE wherein said UTOPE is a synthesized
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Claim 27,

Claim 28,

Claim 29,

peptide about 6 to about 10 amino acids long comprising all Tysines except for

one histidine and wherein said UTOPE comprises SEQ 1D NO: 738.

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysincs cxcept for

one histidine and whercin said UTOPE comprises SEQ 1D NO: 740,

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysines except for

one histidine and wherein said UTOPE comprises SEQ 1D NO: 741.

An antibody specific for a UTOPE wherein said UTOPE is a synthesized
peptide about 6 to about 10 amino acids long comprising all lysines except for

one histidine and wherein said UTOPE comprises SEQ 1D NO: 742.

Claim 30. A synthetic peptide consisting of the amino acid sequence of a UTOPE, whercin

said UTOPE is a synthesized peptide about 6 to about 10 amino acids long
comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino sequence of SEQ 1D NO: 732,

Claim 31. A synthetic peptide consisting of the amino acid sequence of a UTOPE, wherein

Claim 32,

Claim 33.

said UTOPE is a synthesized peptide about 6 to about 10 amino acids long
comprising all [ysincs cxcept for one histidine and wherein said UTOPE

comprises the amine acid sequence of SEQ ID NO: 733,

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTQPE

comprises the amino acid sequence of SEQ ID NO: 734,

A synthetic peptide consisting of the amine acid sequence of a UTOPE,

wherein said UTOPE is a synthesized peptide about 6 1o about 10 amino acids



Claim 34.

Claim 35.

Claim 36.

Claim 37.

Claim 38.

Claim 39.

long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ 1D NO: 735.

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE 15 a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines cxeept for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ ID NO: 736

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ [ NO: 737,

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE 14 a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histiding and wherein said UTOPE

compriscs the amino acid sequence of SEQ ID NO: 738,

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wheremn said UTOPE is a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ 1D NO: 739,

A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino actd sequence of SEQ 1D NO: 740,

A synthetic peplide consisting of the aminoe acid sequence of a UTOPE,
wherein said UTOPE 15 a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ 1D NO: 741,
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Claim 40. A synthetic peptide consisting of the amino acid sequence of a UTOPE,
wherein said UTOPE is a synthesized peptide about 6 to about 10 amino acids
long comprising all lysines except for one histidine and wherein said UTOPE

comprises the amino acid sequence of SEQ ID NO: 742,
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