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SEROLOGIC CORRELATES OF
PROTECTION AGAINST BACILLIS
ANTHRACIS INFECTION

CROSS REFERENCE TO RELATED
APPLICATIONS

This application depends from and claims priority to U.S.
PCT Application No. PCT/US2011/024317, filed Feb. 10,
2011; which claims benefit of U.S. Provisional No. 61/303,
055, filed Feb. 10, 2011, and of U.S. Provisional Application
No. 61/333,456 filed May 11, 2010, the entire contents of
which are incorporated herein by reference

GOVERNMENT INTEREST

The invention described herein may be manufactured,
used, and licensed by or for the United States Government.

FIELD OF THE INVENTION

The invention relates to physiologically relevant epitope
sequences related to acquired immunity to Bacillus anthracis
protective antigen (PA). The peptide sequences of the inven-
tion represent previously unidentified regions of PA that elicit
an immune response in a mammal. Particularly, the invention
presents epitopes targeted by the immune system in Rhesus
following vaccination with rPA or AVA.

BACKGROUND OF THE INVENTION

Anthrax is caused by infection with Bacillus anthracis, a
spore-forming, rod-shaped bacterium. The dormant spore-
form is highly resistant to extreme conditions, high tempera-
tures, and a variety of chemical treatments. The spores gain
entry either through an open wound causing cutaneous dis-
ease, by ingestion causing gastrointestinal disease, or are
inhaled causing inhalation anthrax. All three forms can
progress to a systemic infection leading to shock, respiratory
failure, and death. (Mock, M. and Mignot, T, (2003) Cel/
Microbiol., 5(1):15-23). The stability of the spores, and their
infectious capacity, make them a convenient bioterrorist
weapon.

The two known toxins of B. anthracis are binary combina-
tions of protective antigen (PA), named for its ability to
induce protective immunity against anthrax, with either
edema factor (EF) or lethal factor (LF). PA is the cell biding
component of both toxins and is responsible for bringing the
catalytic EF or LF into the host cells. EF is an adenylate
cyclase which converts ATP to cyclic AMP and causes edema
(Brossier, F. & Mock, M, 2001, Toxicon. 39(11):1747-55).
The combination of PA-EF forms edema toxin (ETx) which
causes edema when injected locally. LF is a zinc-dependent
endoprotease known to target the amino-terminus of the mito-
gen-activated protein kinase kinase (MAPKK) family of
response regulators (Id.). The cleavage of these proteins dis-
rupts a signaling pathway and leads to cytokine dysregulation
and immune dysfunction. LF combined with PA forms lethal
toxin (LTx) which is lethal when injected on its own. Itis also
known that there are fatal anthrax cases where administration
of antibiotics and clearance of bacteria have failed to rescue
the patient. This indicates that there may be a “point of no
return” level of LTx in the blood that may predict the outcome
of infection.

Development of a safe and effective vaccine for inhalation
and other forms of anthrax infection is vital to the health and
safety of the population and an essential component of any
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bioterrorism defense strategy. Additionally, the identification
of targeted therapies following anthrax infection is essential
to managing a patient population. As such, there exists a need
for vaccines and treatments as well as methods for determin-
ing whether post-vaccination protection is achieved prior to
possible anthrax exposure and infection.

SUMMARY OF THE INVENTION

The following summary of the invention is provided to
facilitate an understanding of some of the innovative features
unique to the present invention and is not intended to be a full
description. A full appreciation of the various aspects of the
invention can be gained by taking the entire specification,
claims, drawings, and abstract as a whole.

A process of determining protection against B. anthracis
infection in a subject is provided that includes obtaining a
biological sample from a subject, optionally after a first onset
time, and screening the biological sample for the presence or
absence of antibodies to one or more predefined regions of
Bacillus anthracis protective antigen. The presence or
absence of these antibodies allows one to determine the pres-
ence or level of protection against B. anthracis. Some
embodiments include a prior administration of a Bacillus
anthracis vaccine including an immunogen corresponding to
amino acid regions 181-210, 201-230, 221-250, 241-270,
301-330, 321-350, 341-370, 361-390, 421-450, 561-590, or
581-610 of Bacillus anthracis protective antigen, a fragment
thereof, or an analogue thereof, to the subject prior to obtain-
ing the biological sample. A subject is optionally vaccinated
with an AVA vaccine or a recombinant protective antigen
vaccine.

The predefined region of Bacillus anthracis protective
antigen is optionally at least one of amino acid region 181-
210, 201-230, 221-250, 241-270, 301-330, 321-350, 341-
370,361-390, 421-450, 561-590, or 581-610 of SEQ ID NO:
1.

A process optionally includes a second administering of
the vaccine, obtaining a second biological sample following a
second onset time, and screening the second biological
sample for the presence or absence of antibodies to one or
more predefined regions of Bacillus anthracis protective anti-
gen. The presence or level of protection against B. anthracis
is then determined from the screening of the second biologi-
cal sample.

Also provided is a process of eliciting an immune response
in a subject including administering a Bacillus anthracis vac-
cine including an immunogen corresponding to amino acid
regions 181-210, 201-230, 221-250, 241-270, 301-330, 321-
350, 341-370, 361-390, 421-450, 561-590, or 581-610 of
SEQID NO: 1, a fragment thereof, or an analogue thereof, to
a subject. A vaccine is optionally an isolated immunogen
corresponding to amino acid regions 181-210, 201-230, 221-
250, 241-270, 301-330, 321-350, 341-370, 361-390, 421-
450, 561-590, or 581-610 of SEQ ID NO: 1, a fragment
thereof, or an analogue thereof. The immune response is
optionally the production of antibodies specific to Bacillus
anthracis protective antigen. The antibodies optionally neu-
tralize lethal toxin.

Also provided is a vaccine that will produce acquired
immunity to Bacillus anthracis infection that includes an
isolated immunogen corresponding to amino acid regions
181-210, 201-230, 221-250, 241-270, 301-330, 321-350,
341-370,361-390, 421-450, 561-590, or 581-610 of SEQ ID
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NO: 1, a fragment thereof, or an analogue thereof. A vaccine
optionally includes amino acid regions of Bacillus anthracis
protective antigen.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 represents the reactivity of sera from AVA vacci-
nated Rhesus macaques with peptides representing overlap-
ping sequences of protective antigen;

FIG. 2 represents the reactivity of sera from AVA vacci-
nated rabbits with peptides representing overlapping
sequences of protective antigen;

FIG. 3 represents the reactivity of sera from AVA vacci-
nated humans with peptides representing overlapping
sequences of protective antigen;

FIG. 4 represents the regions of PA recognized by antibod-
ies from Rhesus macaque sera vaccinated with either AVA or
rPA vaccines;

FIG. 5 represents the reactivity of sera from rPA vaccinated
macaques at different time points corresponding administra-
tion of 50 pg rPA with 14 day interval where screening was
done after administration of each injection starting from 3"
dose till 7 dose of rPA

DETAILED DESCRIPTION OF EMBODIMENTS
OF THE INVENTION

The following description of particular embodiment(s) is
merely exemplary in nature and is in no way intended to limit
the scope of the invention, its application, or uses, which may,
of course, vary. The invention is described with relation to the
non-limiting definitions and terminology included herein.
These definitions and terminology are not designed to func-
tion as a limitation on the scope or practice of the invention
but are presented for illustrative and descriptive purposes
only.

The invention has utility as a predictor of immunity to B.
anthracis infection. The invention has further utility as one or
more peptide sequences that alone or when combined are
improved vaccines conferring protection against B. anthracis
infection in a subject.

The invention provides polypeptide sequences that include
relevant epitopes recognized by antibodies from subjects with
acquired immunity to B. anthracis infection. The polypeptide
sequences alone or in combination are useful for determining
serologic correlates of protection to subsequent B. anthracis
infection.

As such, a process for identifying or predicting immunity
to infection by B. anthracis is provided including screening
for antibodies in a sample obtained from a subject following
vaccination with rPA, AVA, or fragments thereof, or prior
infection by B. anthracis, to identify whether antibodies to
predefined regions of PA are generated by or present in the
subject. The presence of antibodies to one or more predefined
regions of PA predicts the level of protection in a subject
against subsequent infection by B. anthracis. Standard vac-
cines for B. anthracis often require multiple administrations
to produce the desired level of immunity. Prior to the present
invention, it was not possible to determine whether a subject
had acquired sufficient immunity after one, two, three, or
more administrations. The processes of the invention provide
a mechanism by which a physician can identify whether a
particular subject needs additional vaccine administrations or
has already developed the necessary protection against sub-
sequent infection by B. anthracis. The binding of antibodies
from a subject to one or more predefined regions of PA indi-
cates the presence of acquired immunity.
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As defined herein, a “predefined region” is a region of PA
that serves as a B-cell epitope. A predefined region is a region
of PA, optionally having 30 amino acids or fewer, that is
recognized by antibodies from subjects with immunity to B.
anthracis infection. As such, the term “epitope” as used
herein is synonymous with a predefined region. A predefined
region is optionally one or more of the following regions of
PA: the calcium ion chelating residues in the 1a; and 1B, 5
strands, (AA181-210); 18,5, 1a,, 1B, (AA201-230); 1o,
and lo, (AA 221-250); and la, and 28, (AA241-270)
regions in domain 1; the chymotrypsin sensitive loop 23,205
(AA 301-330); 2f3; and 2, (AA 321-350); 2a,, 23, and 235
(AA341-370);2Band 28, (AA361-390); 2,0, 20, , 201, and
2p,, (AA421-450); 2f,; in domain 2, 3a,, 3a, (AA 561-
590); and 33, 35 (AAS581-610) in domain 3 and partially in
domain 4 of PA; fragments thereof; or combinations thereof.

A process optionally includes screening for antibodies to
more than one epitope. Screening is optionally performed
following a single administration of vaccine. Optionally,
screening is done after several vaccinations. Optionally,
screening is done after each of several vaccinations. [llustra-
tively, a subject is vaccinated with PA, recombinant PA, AVA,
a vaccine as provided by the current invention, and/or other
vaccine known in the art intended to provide immunity
against B. anthracis infection, once, three times, five times, or
more and a biological sample such as blood is obtained from
the subject for determination of the presence or absence of
antibodies to predefined regions of PA. Recognition of one or
more antibodies to one or more predefined regions of PA
following vaccination correlates with a predicted level of
protection to subsequent infection by B. anthracis.

As used herein, the term “anthrax” is intended to mean B.
anthracis. As such, a subject suffering from anthrax is
infected by B. anthracis. Similarly, anthrax such as virulent
anthrax is the organism B. anthracis.

Interestingly, and in contrast to results expected from the
prior art, the chymotrypsin sensitive loop 2f3,, 2f3; presents a
strong epitope in PA that is found following vaccination in
humans, rabbits, and Rhesus macaques. The 203,205 loop is
involved in the transition of PA oligomers from prepore to
pore. This region was not expected to show strong antigenic-
ity in each of humans, rabbits, and Rhesus macaques, and to
strongly correlate with acquired immunity to virulent anthrax
because even though the structural region containing this loop
may be important immunologically as a T cell epitope, recipi-
ents of vaccines such as AVA and rPA may not recognize this
region as an antibody reactive B cell epitope. (Oscherwitz J,
etal., Infect Immun, 2009; 77(8):3380-8. As such, this region
of PA was not expected to be a good correlate of immunity.
The presence of antibodies to this and surrounding regions of
PA in multiple species as identified in the present invention
surprisingly demonstrates its importance as a correlate of
immunity.

Antibody screening is accomplished by methods known in
the art, illustratively, enzyme linked immunosorbent assay
(ELISA), affinity chromatography, liquid chromatography, or
other methods appreciated by those of ordinary skill in the art.
In some embodiments, a sample is obtained from a subject
and screened in an ELISA assay using one or more peptides
representing epitopes in PA or non-epitope regions. A posi-
tive result is the presence of one or more antibodies in the
sample to one or more epitopes above background levels,
optionally 2 times background, optionally 3 times back-
ground. In some embodiments an amino acid sequence from
each ofthe four domains of PA, domain 1 (aa 1-258), domain
2 (aa 25-487), domain 3 (aa 488-495), and/or domain 4 (aa
596-735) are represented by at least one peptide. It is appre-
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ciated that the numbering of predefined sequences represents
the numbering of the mature PA sequence. PA such as that
illustrated in SEQ ID NO: 1, is free of the putative signal
sequence of 29 amino acids that is cleaved to produce the
mature PA protein. As such, the numbering presented herein
is related to mature PA.

The inventive epitopes are peptide regions of PA from B.
anthracis (SEQ ID NO: 1).

(SEQ ID NO:
EVKQENRLLNE SESSSQGLLG YYFSDLNFQA PMVVTSSTTG

1)

DLSIPSSELE NIPSENQYFQ SAIWSGFIKV KKSDEYTFAT

SADNHVTMWV DDQEVINKAS NSNKIRLEKG RLYQIKIQYQ

RENPTEKGLD FKLYWTDSQN KKEVISSDNL QLPELKQKSS

NSRKKRSTSA GPTVPDRDND GIPDSLEVEG YTVDVKNKRT

FLSPWISNIH EKKGLTKYKS SPEKWSTASD PYSDFEKVTG

RIDKNVSPEA RHPLVAAYPI VHVDMENIIL SKNEDQSTQON

TDSQTRTISK NTSTSRTHTS EVHGNAEVHA SFFDIGGSVS

AGFSNSNSST VAIDHSLSLA GERTWAETMG LNTADTARLN

ANIRYVNTGT APIYNVLPTT SLVLGKNQTL ATIKAKENQL

SQILAPNNYY PSKNLAPIAL NAQDDFSSTP ITMNYNQFLE

LEKTKQLRLD TDQVYGNIAT YNFENGRVRV DTGSNWSEVL

PQIQETTARI IFNGKDLNLV ERRIAAVNPS DPLETTKPDM

TLKEALKIAF GFNESNGNLQ YQGKDITEFD FNFDQQTSQN

IKNQLAELNV TNIYTVLDKI KLNAKMNILI RDKRFHYDRN

NIAVGADESV VKEAHREVIN SSTEGLLLNI DKDIRKILSG

YIVEIEDTEG LKEVINDRYD MLNISSLRQD GKTFIDFKKY

NDKLPLYISN PNYKVNVYAV TKENTIINPS ENGDTSTNGI

KKILIFSKKG YEIG

Illustratively, the epitope sequence for PA in the 2f3,, 23,
region is SEVHGNAEVHASFFDIGGSVSAGFSNSNSS
(SEQ ID NO: 3) representing amino acids 301-330 of SEQ ID
NO: 1.

The terms “polypeptide,” “peptide,” are used interchange-
ably herein and are illustratively a chain of two or more amino
acid residues. In some embodiments, a peptide suitable for
use in the instant invention is the amino acid sequence for PA
protein, fragments thereof, or analogues thereof used alone or
combined with other peptides or otherwise immunogenic
sequence(s) or therapeutics. A peptide is optionally an immu-
nogen. It is appreciated that an immunogen is any molecule
used to vaccinate an organism. As such, an immunogen is
optionally a peptide, a nucleic acid, or combinations thereof.

As used herein a “subject” is a mammal. Optionally, a
subject is a human or non-human primate. Optionally, a sub-
jectis adog, cat, equine, sheep, bovine, rabbit, pig, or murine.

As used herein, the term “biological sample” is defined as
sample obtained from a biological organism, a tissue, cell,
cell culture medium, or any medium suitable for mimicking
biological conditions, or from the environment. Non-limiting
examples include, saliva, gingival secretions, cerebrospinal
fluid, gastrointestinal fluid, mucous, urogenital secretions,
synovial fluid, blood, serum, plasma, urine, cystic fluid,
lymph fluid, ascites, pleural effusion, interstitial fluid, intra-
cellular fluid, ocular fluids, seminal fluid, mammary secre-
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tions, vitreal fluid, nasal secretions, throat or nasal materials,
and combinations thereof. It is appreciated that a biological
sample is optionally a cell, illustratively, cells of or related to
the immune system. Cells illustratively include white blood
cells. Illustrative examples of white blood cells include leu-
kocytes such as T-cells, B-cells, and T-helper cells.

A biological sample is obtained from a subject by conven-
tional techniques. For example, CSF is obtained by lumbar
puncture. Blood is optionally obtained by venipuncture,
while plasma and serum are optionally obtained by fraction-
ating whole blood according to known methods.

In some embodiments, a vaccine is administered to a sub-
ject prior to, simultaneous with, or subsequent to obtaining a
biological sample from the subject. Optionally, a vaccine is
administered and then an onset time elapses prior to obtaining
a biological sample from the subject. An onset time is a time
that generally considered by those of skill in the art to be
sufficient for a subject to produce an antibody to a portion of
an immunogen, such as an immunogen of the prior art.
Optionally, an onset time is 1, 2, 3, 4,5, 6, or more days.
Optionally, an onset time is 1, 2, 3, 4, 5, 6, or more weeks. An
onset time is optionally any time between 1 day and 60 days,
or any fraction or specific time period therebetween.

A process optionally includes a first administration of a
vaccine, a first onset time, and then subsequently obtaining a
first biological sample. A process optionally also includes
determining whether a second administration is required by
the presence or absence of an antibody to a peptide in the
biological sample. Optionally, a second administration is per-
formed followed by a second onset time and obtaining a
second biological sample for screening for the presence or
absence of antibodies to one or more peptides. This iterative
process optionally continues until a subject demonstrates
acquired immunity or a physician determines that develop-
ment of immunity is not possible in the subject. As such, a
third, fourth, fifth, or additional administration is envisioned
under the invention. Similarly, a third, fourth, fifth, or subse-
quent onset time is envisioned under the invention.

Also provided are vaccines that when administered to a
subject will elicit an immune response. The term “immune
response” refers to a kinetic or magnitude variation of one or
more elements of a subject’s immune system. An immune
response is optionally the production of antibodies that spe-
cifically recognize and interact with the vaccine. Non-limit-
ing examples of immune responses include B-cell responses,
calcium mobilization, calcium influx, or other changes in
intracellular calcium concentrations in any cellular compart-
ment illustratively including the cytoplasm; nitric oxide pro-
duction or release; phagocytosis; immunoglobulin uptake;
production of immunoglobulin; alteration of protein phos-
phorylation; conversion of immune complexes; alteration of
serum immunoglobulin levels; modulating the activity of
spleen tyrosine kinase (Syk), B-cell linker (BLNK), Burton’s
tyrosine kinase (Btk), Kit, Lck, Zap-70, Src, Statl, SHP-2,
phosphatidyl inositol 3-kinase (PI3K), phosphoinositol
S-phosphatase, other kinases or phosphatases known in the
art, phospholipase D, phospholipase C, sphingosine kinase;
secretion of 1L-1p, IL-6, 1L-10, IL-2, IL.-4, IFN-y, Bc110,
TCR, TLR, or other cytokines, chemokines, or signaling mol-
ecules; interferon signaling; alteration of expression of inter-
feron response gene(s) (IRG); antibody production illustra-
tively IgE or IgG production; alteration of the expression of
any gene that encodes for a protein, as well as the functional
activity of any protein listed in Table 1; alteration of expres-
sion or activity of My4+/LeuM3- molecule; protection from
challenge after exposure to infectious organism; alteration in
nitrite levels; B-cell responses in various immune compart-
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ments; lymphoma cell responses; natural killer cell
responses; monocyte responses; macrophage responses;
platelet responses; dendritic cell responses; any immune cell
response; Thl and Th2 cytokine responses in various immune
compartments; immune cell maturation; activation or inhibi-
tion of an intracellular signaling pathway such as the NF-
kappa B signaling pathway; apoptosis; alteration in allotype
or isotype antibody levels; in vitro recognition of antigen;
survival; other response known in the art; or combinations
thereof.

It is appreciated that the peptides of the invention are rep-
resentative vaccines operable under the invention. As such,
any peptide vaccine described herein is suitable in the inven-
tive processes for determining whether a subject has acquired
immunity or is at risk for subsequent infection by B. anthra-
cis.

A vaccine optionally includes one or more predefined
regions of PA, or an analogue thereof. In some embodiments,
avaccine is a nucleic acid sequence that encodes a predefined
region of PA such that when the nucleic acid sequence is
administered to a subject, the predefined peptide sequence is
expressed by the subject to act as an immunogen for the
generation of antibodies to the predefined sequence.

Optionally, inventive peptide sequences representing pre-
defined regions of PA useful as vaccines are: the calcium ion
chelating residues in the 1o, and 1B ; strands, (AA181-210);
1B13, 1o, 18,4 (AA201-230); 1o, and 1o, (AA 221-250);
and 1o, and 23, (AA241-270) regions in domain 1; the chy-
motrypsin sensitive loop 23,, 25 (AA301-330); 285 and 2,
(AA 321-350); 2a;, 2, and 235 (AA341-370); 2P, and 23,
(AA361-390); 28,0, 28,1, 201, and 23, (AA421-450); 2, 5
in domain 2, 30, 3a, (AA 561-590); and 33, 3p5 (AAS81-
610) in domain 3 and partially in domain 4 of PA; analogues
thereof, fragments thereof; or combinations thereof. When a
peptide is used as a vaccine, analogues of a peptide are oper-
able as an immunogen.

Optionally, peptides are recombinant and obtained by
methods known in the art. Illustratively, a nucleotide
sequence is cloned into a plasmid which is transfected into £.
coli and expressed. The nucleotide sequence encoding imma-
ture PA is illustrated as SEQ ID NO: 2.

(SEQ ID NO: 2)
AATTTCAATA TAATATAAAT TTAATTTTAT ACAAAAAGGA

GAACGTATAT GAAAAAACGA AAAGTGTTAA TACCATTAAT
GGCATTGTCT ACGATATTAG TTTCAAGCAC AGGTAATTTA
GAGGTGATTC AGGCAGAAGT TAAACAGGAG AACCGGTTAT
TAAATGAATC AGAATCAAGT TCCCAGGGGT TACTAGGATA
CTATTTTAGT GATTTGAATT TTCAAGCACC CATGGTGGTT
ACTTCTTCTA CTACAGGGGA TTTATCTATT CCTAGTTCTG
AGTTAGAAAA TATTCCATCG GAAAACCAAT ATTTTCAATC
TGCTATTTGG TCAGGATTTA TCAAAGTTAA GAAGAGTGAT
GAATATACAT TTGCTACTTC CGCTGATAAT CATGTAACAA
TGTGGGTAGA TGACCAAGAA GTGATTAATA AAGCTTCTAA
TTCTAACAAA ATCAGATTAG AAAAAGGAAG ATTATATCAA
ATAAAAATTC AATATCAACG AGAAAATCCT ACTGAAAAAG

GATTGGATTT CAAGTTGTAC TGGACCGATT CTCAAAATAA
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ARAAGAAGTG

TTAAAACAAR

CAAGTGCTGG

AATCCCTGAT

GTCAAAAATA

ATATTCATGA

TCCTGAAAAR

TTCGAAAAGG

CAGAGGCAAG

ACATGTAGAT

8

-continued

ATTTCTAGTG

AATCTTCGAA

ACCTACGGTT

TCATTAGAGG

ARAAGAACTTT

AAAGAAAGGA

TGGAGCACGG

TTACAGGACG

ACACCCCCTT

ATGGAGAATA

ATAACTTACA

CTCAAGAAAR

CCAGACCGTG

TAGAAGGATA

TCTTTCACCA

TTAACCAAAT

CTTCTGATCC

GATTGATAAG

GTGGCAGCTT

TTATTCTCTC

ATTGCCAGAA

AAGCGAAGTA

ACAATGATGG

TACGGTTGAT

TGGATTTCTA

ATAAATCATC

GTACAGTGAT

AATGTATCAC

ATCCGATTGT

AAAAAATGAGGATCAATCCA CACAGAATAC TGATAGTCAA

ACGAGAACAA

ATACTAGTGA

GTTCTTTGAT

AATTCGAATT

CTCTAGCAGG

AAATACCGCT

TATGTAAATA

CAACGACTTC

GACAATTAAA

GCACCTAATA

TCGCATTAAA

TACAATGAAT

AAACAATTAA

TAGCAACATA

TACAGGCTCG

GAAACAACTG

ATCTGGTAGA

TCCATTAGAA

GCCCTTAAAA

ACTTACAATA

TAATTTCGAT

TTAGCGGAAT

ATAAAATCAA

AGATAAACGT

GGGGCGGATG

TAATTAATTC

TAAGGATATA

ATTGAAGATA

GATATGATAT

TAAGTAAAAR

AGTACATGGA

ATTGGTGGGA

CAAGTACGGT

GGAAAGAACT

GATACAGCAA

CTGGGACGGC

GTTAGTGTTA

GCTAAGGAAA

ATTATTATCC

TGCACAAGAC

TACAATCAAT

GATTAGATAC

CAATTTTGAA

AACTGGAGTG

CACGTATCAT

AAGGCGGATA

ACGACTAAAC

TAGCATTTGG

TCAAGGGAAA

CAACAAACAT

TAAACGTAAC

ATTAAATGCA

TTTCATTATG

AGTCAGTAGT

GTCAACAGAG

AGAAAAATAT

CTGAAGGGCT

GTTGAATATT

TACTTCTACA

AATGCAGAAG

GTGTATCTGC

CGCAATTGAT

TGGGCTGAAA

GATTAAATGC

TCCAATCTAC

GGAAAAAATC

ACCAATTAAG

TTCTAAAAAC

GATTTCAGTT

TTCTTGAGTT

GGATCAAGTA

AATGGAAGAG

AAGTGTTACC

TTTTAATGGA

GCGGCGGTTA

CGGATATGAC

ATTTAACGAA

GACATAACCG

CTCAAAATAT

TAACATATAT

AAAATGAATA

ATAGAAATAA

TAAGGAGGCT

GGATTATTGT

TATCAGGTTA

TAAAGAAGTT

TCTAGTTTAC

AGTAGGACAC

TGCATGCGTC

AGGATTTAGT

CATTCACTAT

CAATGGGTTT

CAATATTAGA

AACGTGTTAC

ARACACTCGC

TCAAATACTT

TTGGCGCCAA

CTACTCCAAT

AGAAAAAACG

TATGGGAATA

TGAGGGTGGA

GCAAATTCAA

AAAGATTTAA

ATCCTAGTGA

ATTAAAAGAA

TCGAATGGAA

AATTTGATTT

CAAGAATCAG

ACTGTATTAG

TTTTAATAAG

CATAGCAGTT

CATAGAGAAG

TAAATATTGA

TATTGTAGAA

ATAAATGACA

GGCAAGATGG






