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3. Background of the Invention -
The human T-cell leukemia viruses (HTLV) represent
20 a family of T-cell retroviruses with three known mem-
bers. HTLV type I (HTLV-I) has transforming activity
in vitro and is etiologically linked to adult T-cell
leukemia, which is known to be endemic in -several
parts of the world. RTLV~II is another retrowirus
25 having transforming capacity in vitro, and has been
isolated from a patient with a T-cell variant of hairy
cell leukemia. HTLV-III, which has also been called
lymphadehopathy-associated virus and is now known as
the human immunodeficiency virus (HIV), is 1lytic for
30 certain kinds of T cells and has been linked to the




cell |eukem a. HTLV-111, which has al so been called
| ynphadenopat hy-associ ated virus and i s now known as the human
i mmunodeficiency virus (HV), is lytic for 30 certain kinds of T cells and

has been |linked to the 3 etiology of acquired i munodefici ency syndrone
(AIDS). Unlike the HTLV-1 and -1l viruses, HTLV-111 is not known to have in
vitro transformng activity. The diagnosis of HTLV-1 infection is usually

based 5 on serum anti body response to HILV-1 peptide antigens. This usually
i nvol ves an initial screening assay to identify HTLV-1 antibodi es, based on

an enzyme inmuno- assay (EIA) with HTLV-1 virion peptides. The assays
presently used for blood screening detect about 0.5 to 10 0.05% HTLV-1 and
HTLV-11 positives; of these, about 4 out of 35 are fal se positives.

Therefore, positive sera nust be further tested in a confirmatory assay,
usi ng Western b?&tméPQYacﬂ%iﬁﬁﬁﬁ&ﬁ?@ciW‘&f?‘éﬂfh%S?gY\/\ﬁiymrc%?%CXAEHWbody
reaction to spegnfliikeHTtNel WEDV-15 dhde -t i Gansusday r FTLWIEET @St hag
procedures requjre confirma- tion tests based on jmunoreaciion with HTLV-I
p24 gag prot ei nkBRYMLLq HAVe IR VEtERe tTANATRFTARG S YPEE: gp21, or
gp68. When the testThendigyiosiis ¢f CRALVEI infection is usually based

5 on serum antibody response to HTLV-I peptide antigens.
This usually involves an initial screening assay to
identify HTLV-I antibodies, based on an enzyme immuno-
assay (EIA) with HTLV~I virion peptides. The assays
presently used for blood screening detect about 0.5 to

10 0.05% HTLV-I and HTLV-II positives; of these, about 4
out of 5 are false positives. Therefore, positive
sera must be further tested in a confirmatory assay,
using Western blot or radioimmunoprecipitation assays
which detect antibody reaction to specific HTLV-I pep-

15 tide antigens. _ _

Current blood testing procedures require confirma-
tion tests based on immunoreaction with HTLV-I p24 gag
protein and at least one of the envelop proteins gp4s6,
gp2l, or gp68. When the test antigens are prepared

20 from virion proteins, only gp46 gives a high rate of
antibody reaction with true HTLV-I seropositives.
Even then, the reaction with gp46 may be detected only
by additional antigen testing with a more sensitive
radioimmunoprecipitation assay. The above screening

25 and confirmation testing identifies HTLV-I and HTLV-II
positives, but does not distinguish between the two
HTLV viruses.

It would therefore be desirable to provide an
improved method for detecting HTLV-I positive sera.

30 In particular, the improved test should be capable of



20 fromvirion proteins, only gp46 gives a high rate of antibody reaction
with true HTLV-I seropositives. Even then, the reaction with gp46 nay be
detected only by additional. antigen testing with a nore sensitive

radi oi munopreci pitation assay. The .above screening 25 and confirmation
testing identifies HTLV-I and HTLV-11 positives, but does not distinguish
between the two HTLV viruses. It would therefore be desirable to provide an
|npﬁoved nmet hod for detecting HTLV-1 positive sera. 30 In particular, the
i nproved test shoul d be capabl e of 4 detecting all HTLV-1 and HTLV-I1
positive sera, with a m nimum nunber of false positives, and al so be able
to disti'ngui sh HTLV-1 from HTLV-11 positive sera. 5 4. Summary of the

I nvention It is therefore one object of tHe i nvention to provide an

i nproved nethod and kit for detecting | _and HTLV-11 03|t|ve human
sera. Anot her dgtjesiing ahb ﬁﬂ%gﬁgléﬁqzﬁ?QVpﬁ5vP8§1§&8F T nEHERNE kit

Cgpable_?fddl&hummumﬂﬁdmbéHLNflfam§d4ﬁdéi$}¢f§étanatamsb Hﬂ abke to
apove-clted paLe C (0] HI = | de, Antl gen_an Assay,
there is di sc%&&'ﬁp halﬂ'fo- %rom h%LkI-IeIp posﬁ.a‘ ve“sera.

5 4. Summary of the Invention

It is therefore one object of the invention to
provide an improved method and kit for detecting HTLV-
I and HTLV-II positive human sera.
Another object of the invention is to provide such
10- method and kit capable of distinguishing HTLV-I and
HTLV-II positive sera.
In the above-cited patent application for "HTLV-I
Peptide Antigen and Assay," there is. disclosed an
HTLV-I peptide composed of a region of the HTLV-I gp46
15 envelop protein which is immunoreactive with the .5a
monoclonal antibody (Mab) produced by ATCC cell 1line
HB8755 (Matsushita). The region is contained in a 42
amino acid sequence overlap of three gp46 peptide an-
tigens, designated MTA-1, MTA-4, and MTA-5. The 42
20 amino acid sequence overlap region. contains the
sequence Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-
Ile-Trp-Phe-Leu-Asn-Thr-Glu-Pro-Ser-Gln-Leu~-Pro-Pro-
Thr-Ala-Pro-Pro-lLeu-Leu-Pro-His-Ser~-Asn-Leu-Asp-His-
Ile-Leu-Glu-Pro-Ser, and may include the additional
25 residues Ile-Pro-Trp-Lys-Ser-Lys at the C~terminal Ser
residue of the 42 amino acid sequence. A common amino
acid sequence in recombinant and synthetic peptides
which is immunoreactive with the .5c¢ Mab is the
sequence Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-
30 Asp-His-Ile-Leu-Glu-Pro-Ser.




HTLV-1 peptide conposed of a region of the HTLV-1 gp46 15 envel op protein
whi ch is imrunoreactive with the 5[err] nonocl onal anti body (Mb) produced
by ATCC cell line HB8755 (Matsushita). The region is contained in a 42

am no aci d sequence overlap of three gp46 peptide an- tigens, designated
MIA-1, MIA-4, and MIA-5. The 42 -20 amino aci d sequence overlap region
contai ns the sequence Ser-Leu-Leu-Val-Asp-Al a-Pro-dy-Tyr-Asp-Pro-

| | e- Tr p- Phe- Leu- Asn- Thr - @ u- Pr o- Ser - @ n- Leu- Pr o- Pr o-

Thr- Al a- Pro- Pro- Leu- Leu-Pro-Hi s-Ser - Asn- Leu- Asp-Hi s- |l e-Leu-Qd u-Pro- Ser,
and may include the additional 25 residues Ile-Pro-Trp-Lys-Ser-Lys at the
C-termnal Ser residue of the 42 am no acid sequence. A conmopn am no acid
sequence i n reconbi nant and synthetic pepti des which is inmunoreactive with
the .5[err] Mab is the sequence . . . .
Thr - Al [a- Pr ]o- Pr o- Leu- °8b- PQB%EFSF RFPRCh, | fihe zgnvention includes a kit
Asp- Hi s- 11 e- Leu-fids- Rleceéeting 'Bhén ppeskaceaspéct HTLWVe I nuiafleakiamclirdes

a kit for detecty h encenQf S Lon_i n The
kit includes adsl&gallﬁi %ﬁ)‘g’?t og?l\ﬁn:_gk}{t h’éﬁg%ﬁéggep?i:igegg%?i gséﬁ; ygrt on
carried, and a Shighr tthe sygpéf fpeptiddect angigea pdsseesrwifedwumand a
anti bodi es bognd.d @08y P} 41%6m2¥d 9 etecting the presence of human

antibodies bound to the peptide antigen.

In one embodiment, the kit is in an EIA format for
screening human sera for HTLV-I antibodies. In ano-
ther embodiment, the peptide antigen is immobilized on

10 a strip, along with one or more confirmatory HTLV-I
antigens, in a Western blot format for confirming
HTLV-I serum antibodies.

. In still another embodiment, the kit includes an
HILV-II specific antigen, defined below, capable of

15 reacting specifically with antibodies from HTLV-II
positiv_e sera. The kit allows for specific detection
of HTLV-1I and HTLV-II positive sera.

Also included in the invention is a method of
detecting HTLV-I positive human sera. 1In this method,

20 test sera is reacted with a peptide antigen which is
immunoreactive with' anti-HTLV-I wmonoclonal antibody
{Mab) derived from ATCC cell line HBB8755, designated
.5¢ Mab. The presence of anti-HTLV-I antibodies bound
to the antigen is detected by a suitable réporter-

25 labeled anti-human antibody.

The .5a Mab-reactive peptide may be produced by a
random-sequence selection method in which a mixture of
random-sequence polynucleotides, preferably encoding
5-10 amino acid residues, is introduced into a suit-

30 able expression vectdr, to form a library of random-



In one enbodinent, the kit is in an EIA format for screening human sera for
HTLV-1 anti bodi es. I n ano- ther enbodinent, the peptide antigen is
i mobilized on 10 a strip, along with one or nore confirmatory HTLV-I

antigens, in a Western blot format for confirmng HTLV-I
In still another

HTLV-11 positive sera. The kit allows for specific detection of HTLV-I
HTLV-11 positive sera. Also included in the invention is a nmethod of
detecting HILV-1 positive human sera. In this nmethod, 20 test sera is
reacted with a peptide antigen which is iggynoreactive with anti-HTLV-I

nonocl onal anti body (Mab) derived from AT
.5a Mab. The . of by TLV- | ti | nd NiiFJER hieS
pg%?‘?gﬁﬁe vaBtbrdl b Fg% Qgﬂ&@%s'i% p&%dh?&%sg bfg hgh.bSa

detected by a

Mab- reacti ve pelRF@EY nXEHORT o@F&dSEFegnesh

S e reporter- el ed” anti - human anti body

cell line HB8755, designated

serum anti bedi es.
enbodi nent, the kit includes an HTLV-11 specific antigen,
defi ned bel ow, capable of 15 reacting specifically with antibodies from

and

d6PF s &RFenPECSERERL i¥h A8t hod

in which a mdnd ko 0fadidndgayfeasencwhdehy 1! ephhileseabteier akith ergrdi ng
5-10 am no acid residues, is’introduced into a _suit- 30 able expression
vector, to f orB% Mp;.g’.ary'lgqeraﬁgsﬁpy clone which expresses such an

5

immunornactive amino acid sequence is then. isolated
and used for producing the polypeptide encoded by the

. inserted sequence.

10

15

20

25

Also disclosed herein is an HTLV-II peptide anti-
gen comprising less than about 50 amino acids. derived
from HTLV-II envelope protein gp46, and including the
immunogenic region formed by the amino acid sequence
Met-Thr-Leu-Leu-Val-~-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-
Trp-Phe-Ile~-Thr-Ser-Glu-Pro-Thr-Gln-Pro-Pro-Pro-Thr-
Ser-Pro-Pro~-lLeu-Val-His-Asp-Ser~Asp-Leu-Glu-His-Val-
Leu~Thr-Pro~Ser-Thr~Ser-Trp~-Thr-Thr-Lys. A common
amino - acid sequence in recombinant and synthetic
peptides which is immunoreactive with HTLV-II antisera
has the sequence Ser-Pro-Pro-Leu-Val-His-Asp-Ser-Asp-
Leu-Glu~His-Val-Leu-Thr-Pro~Ser or the same sequence
extended at the Ser C~terminus by the amino acid
sequence Thr-Ser-Trp-Thr-Thr-Lys.

The peptide antigen is used in a test kit for
detecting the presence of HTLV-1I infection in a human
serum. The kit includes a solid support which carries
the peptide antigen, and a reporter system for detec-
ting the presence of human antibodies bound to the
peptide antigen.

These and other objects and features of the pre-
sent invention will become more fully apparent when




6 sequence vectors. The expression products of the library vectors are
screened for the presence of an am no acid sequence which is i mmunoreactive
with the .5[err] Mab. The library clone which expresses such an 5
I mmunor eactive am no acid sequence is then isolated and used for pr.oducing
t he pol ypepii de encoded by the inserted sequence. Also disclosed hereinis
an HTLV-I1 peptide anti- gen conprising |ess than about 50 am no aci ds
derived 10 from HTLV-11 envel ope protein gp46, and including the '
i mmunogeni ¢ region formed by the am no acid sequence
Met - Thr - Leu- Leu- Val - Asp- Al a- Pro-d y- Tyr - Asp- Pro- Leu-
Tr p- Phe- 11 e-Thr-Ser-Q u-Pro-Thr-Q n-Pro- Pro-Pro-Thr-
Ser - Pr o- Pro- Leu- Val - Hi s- Asp- Ser - Asp- Leu- G u7Hi s- Val - 15
Leu- Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-Lys. . A congnn amho acid
sequence in r&8EnHNARWIRG detailREk A SRR WAEC RS FRALIRRcASve
with HTLV-11 antiesei drhasor fenseilogneeth the accompanying drawings.
Ser - Pro- Pro- Leu- Val - H s- Asp- Ser-Asp- Leu-d u-Hi s-Val - Leu-Thr-Pro-Ser or the
sanme sequence 20 extended at the Ser Ctermnus by the amno acid
sequence Thr-Ser-Trp-Thr - TIBrief . Ddderpppione ofitblgeDiawingd in a test kit
for detecting.the presence V-11 rntegiron. ln.a n serum, The ki
i ncl udes a sg§i d sup &'gtu%% §§Prﬁés i f‘%ﬁ ﬂ’é’m%efgﬂgrgén,p%ﬂ%lgn °ft
reporter systemthm HELVeI gempntehecantainiagofthmingpééntenvelies poote i
the coding sequence, and in the lower line, a portion of
the gp46 coding region containing the sequences which
encode overlapping HTLV-I peptide antigens formed in
10 accordance with the invention, and designated MTaA-4,
MTA-1, and MTA-5 in Figure 1B;
Figure 2 shows the HTLV-I coding sequences and
corresponding amino acid sequences for a portion of

the HTLV-I envelop protein:

15 Figure 3 shows amino acid sequences of homologous
regions of HTLV-I and HTLV~II gp46 in the region of
the peptide antigen of the invention, and peptide
sequences of several HTLV-I gp46 peptide antigens
(upper part of figure) and HTLV-II peptide antigens

. 20 (lower part of figure) in accordance with the
invention; _

Figures 4A and 4B show antigenicity plots for the
MTA-1 peptide and corresponding HTLV-II gp46 peptide; .

Figure 5 illustrates recombinant methods for

25 producing and selecting random-sequence peptides, in
accordance with the invention;

Figure 6 shows the HTLV-II coding sequence, and
corresponding amino acid sequence in the region of the
gp46 envelop protein. from which HTLV-I1 peptides of

30 the invention are derived; and



pepti de antigen. These and other objects and features of the pre- sent

invention will becone nore fully apparent when 7 the followi ng detailed
description of the inventionh is read in conjunction with the acconpanying
drawi ngs. Brief Description of the Drawi ngs 5 Fi gure 1A shows, in the

upper line, a portion of the HTLV-1 genonme containing the gp46 enveTOp
protein coding sequence, and in the lower line, a portion of the gp46
codi ng region containing the sequences whi ch encode overl appi ng HTLV-I

pepti de antigens forned in 10 accordance with the invention, and desi gnated
MIA-4, MIA-1, and MIA-5 in Figure 1B; Figure 2 shows the HTLV-[ codi ng
sequences and correspondi ng am no aC|d sequences for a portion of the
HTLV-1 envel op protein; 15 Figure 3 &hows anmino acid sequences of

honol ogous regions_of HTLV-1 and HTLV- 1| 46 in the region of the peptlde
antigen of the i nVEBHIPER, andRpEst F‘H’éi‘éfe‘cﬁjgn@%%tﬁf-'ns&}&g‘aﬁ

peptide anti gmsv(-mpwy_-amarlyséﬁél Wde)r@cﬂﬁnb‘ﬁl'hé(nt' PWTSJﬂfB mlﬂea@ldzo
(Tover part ygf o' Qe 1Lne8CHFIANEE k! Dre! MATVIP MAG HTLY-11

antisera, respectively.

Detailed Description of the Invention.
I. Preparing HTLV-I Peptide Antigens
This section describes the preparation of HTLV-I
peptide antigens which are immunoreactive with anti-
10 HTLV-I antibodies found in individuals with HTLV-I-
related T-cell leukemia. The antigens are prepared
using random HTLV-1 gene sequences 100-300 base pairs
in length cloned in a suitable expression vector, then
selected with antibody for expression of
15 immunoreactive peptides.
A. HTLV-I Genomic Libraries
Genomic libraries of HTLV-1 are prepared conven-
tionally from cellular DNA'containing an ‘HTLV~-I provi-
ral genome. Duplex DNA may be prepared from HTLV-I
20 infected <cells, including T-cells isolated from
patients known to be infected with HTLV~-I virus, or
known cell lines, such as HUT 102-B2 (Poiesz), MT-2
(Miyoshi), and MJ-tumor (Popovicj cells, all of which
have been. shown to produce HTLV-I virus. The viral
25 genome is integrated into host DNA in these cells.
Methods for preparing cell lines containing the HTLV-I
genome are detailed in the above references.
The total host genomic DNA from the above cell
line is partially digested with a frequent cutter,
30 such as Haelll or Alul, under conditions which produce




Fi gures 4A and 4B show antigenicity plots for the MIA-1 peptide and
correspondi ng HTLV-11 gp46 peptide; Figure 5 illustrates reconbi nant

nmet hods for 25 produci ng and sel ecting random sequence peptides, in
accordance with the invention; Figure 6 shows the HTLV-11 codi ng sequence,
and correspondirng am no acid sequence in the region of the gp46—envel op
protein fromwhich HTLV-11 peptides of 30 the invention are derived; and

8 Figure 7 shows nodified Western blots containing HTLV-1 viral |ysate and
recombi nant proteins p2lE and MIA-4, where |lanes A-F and GR are HTLV-1 and
HTLV-11 antisera, respectively. Detailed Description of the Invention |
Preparing HTLV-1 Peptide Antigens This section describes the preparation of
HTLV-1 peptide antigens which are i munoreagtive with anti- 10 HTLV-I
antibodies found in individuals with HILV-1- related T-cell |eukem a. The

antigens are prﬁﬁ%&i@lum dsdorifkent soeia sedheenas-AP0-1398sdassipai rs
in length cloned in a SUIta | e:e preSS|$n vectqr,. then_selecte

anti body f or TanggypalQ the  digested \matsrdak e FEAC atedvm%Or

example, by sucrose gradient centrifugation, to iso-
late the 15-20 kbase fragments. The fragments are
5 then cloned into a suitable cloning vector, preferably
a phage cloning vector which can efficiently incorpo-
rate a 15-20 kbase insert. In a preferred method, the
isolated fragments are treated with EcORI methylase,
and EcoRI 1linkers are ligated .to their ends under
10 standard conditions (Maniatis), and then cloned into a
phage vector, such as A Charon 4a, having a unique gggki
insertion site.
The cloned genomic fragments are screened with a
probe which is complementary to a selected sequence of
15 the full-copy HTLV-I genome. HTLV-I sequences are known
(Seiki), as are methods for producing radiolabeled syn-
thetic oligonucleotide probes for selected sequences. 1In
addition, synthetic oligonucleotides of specified sequen-
ces can be made by commercial services, such as provided
20 by Synthetic Genetics, Inc. (San Diego, CA). Using such
an oligonucleotide probe, molecular clones containing
HTLV-I sequences are isolated from the library by stan-
dard hybridization procedures (Maniatis, p. 322). The
clones can first be analyzed by restriction site‘analy-
25 sis, to confirm that the full viral genomic sequence is
present, as indicated by the presence of direct long
terminal repeats which flank the integrated viral genome.
The identified molecular clone is digested with a suit-
able endonuclease to release the full-copy viral genome.
30 A preferred endonuclease for this purpose is Sacl, which
cuts the viral genome in the long terminal repeats (LTR)



A. HTLV-1 Genomic Libraries Genomc libraries of HTLV-1 are prepared
conven- tionally fromcellular DNA containing an HTLV-1 provi- ral genone.

Dupl ex DNA nmay be prepared from HTLV-1 20 infected cells, i ncl udi ng
T-cells isolated frompatients known to be infected with HTLV-1 virus, or
known cell |ines, such as HUT 102-B2 (Poiesz), MI-2 (Myoshi), and M}t unor

(Popovic) cells, all of which have been. shown to produce HTLV-1 virus.
The viral 25 genone is integrated into host DNA in these cells. Mthods for

preparing cell lines containing the HTLV-1 genone are detailed in the above
references. The total host genomic DNA fromthe above cell lineis
partially digested with a frequent cutter, 30 such as Haelll or Alul, under

condi tions which produce 9 partial digagt fragnents in the 15-20 kbase
size range, and the digested material is fractionated, f or exanple, by
sucrose gradi eat egépherfédgdt obnthéovigal todend hsedderfespaset fdoasends.

The fragments gESdﬁgEhi&ﬁ‘éEﬁﬁid c'il'é%Qﬁa eSUl APl gpgl %io%ﬁlv%‘xﬂig p%g{z%ggbl y
a phage cloning vector which can etficliently incorpo- rate a 15-2 ase
insert. In a pR&fedr RrddmfodWithe 3 séhidrdd Sagfnetite ar 8Nt r 2RPEAPYLELE

EcoRl methyl as@estriction enzyme will bé chosen to isolate the full-
5 length genome. The purified full-copy sequence is about

a 9.5 kilobase fragment. Alternatively, a fragment of

the genome representing the env gene sequences alone may

be purified for production of the expression library. _

Alternatively, cloning vectors 'containing full-copy

10 HTLV-I duplex DNA have been reported (Seiki) and may be
obtained directly from the investigators, as indicated in
Example 1.
To produce the desired HTLV-I genomic library, the
full-copy HTLV-~I insert is excised from the above cloning
15 vector, such as by complete digestion with Sacl, and iso-
lated as a 9.5 kilobase fragment, as described in Example
1. The isolated full-copy fragment is digested to pro-
duce DNA fragments, and preferably random fragments with
sizes predominantly between about 100-300 base pairs.
20 Example 1 describes the preparation of such fragments by
DNAase digestion. Because it is desired to obtain pep-
tide antigens of between about 30-100 amino acids, the
digest fragments are preferably size fractionated, for
example by gel electrophoresis, to select those in the
25 approximately 100-300 base pair size range. . )

The genomic digest fragments are inserted into a
suitable cloning vector, preferably an expression vector
which permits expression of the coded-for peptide in a
suitable host. One preferred expression vector is Agtll,

30 which contains a unique EcoRI insertion site 53 base
pairs upstream of the translation termination codon of
the B-galactosidase gene. Thus, the inserted sequence



and EcoRI linkers are |ligated to their ends under 10 standard
conditions (Maniatis), and then cloned into a phage vector, such as [err]
Charon 4a, having a unique EcoRl insertion site. The cloned genonic
fragments are screened with a probe which is conplenentary to a_.selected
sequence of 15 the full-copy HTLV-I genonme. HTLV-1 sequences are known
(Sei ki) , as are nethods for producing radiol abeled syn- thetic

ol i gonucl eoti de probes for sel ected sequences. In addition, synthetic

ol i gonucl eoti des of specified sequen- ces can be nmade by commerci al
services, such as provided 20 by Synthetic CGenetics, Inc. (San D ego, CA)
Usi ng such an ol igonucl eoti de probe, nol ecul ar cl ones containing HTLV-I
sequences are isolated fromthe library bylétan- dard hybridization
procedures (Maniatis, p. 322). The clones can first be anal¥zed by
restriction sitdldndrg-ezpresgedt asconfirgnlanrosidasey|gentg r al THusenithe

sequence i s prasfirtedd ddylisridedelyl tBe BxPIRRERJOTaslid ep-igdlone dfidi el
repeats which f]lank the integrated viral genonme. The identifie I ecul ar
clone is di gestgéifq\ﬂ"t Pretesn -w%%mﬁﬁé%t" rté}ee%etet’ﬁ'giq‘r% IR¥5py
viral genone. 3ioch poff eheeP-grdactolsddasel ayeridyi sther heteriod ofauk, pdp-ch

cuts the Vir§'é¥3¥¥“%ﬂ&‘$@elé9§9 éeﬁgkgﬁbnr%geibﬁ @uggkminéy)region of

the f-galactosidase gene. This vector also produces a

temperature-sensitive repressor (cI857) which causes

viral 1lysogeny at permissive temperatures, e.g., 32°C,

and leads to viral lysis at elevated temperatures, e.q.,

10 42-C. Advantages of this vector include: (1) highly

efficient recombinant generation, (2) ability to select

lysogenized host cells on the basis of host-cell growth

at permissive, but not non-permissive - temperatures, and

(3) high levels of recombinant fusion protein production.

15 Further, since phage containing a heterologous insert

produce an inactive f-galactosidase enzyme, phage with

inserts can be readily identified by a pB-galactosidase

colored-substrate reaction. .

The digest <fragments inserted into the expression

20 vector may be modified, if needed, to contain selected

restriction-site linkers, such as ECORI linkers,

according to conventional procedures. Example I illus-

trates methods for cloning the digest fragments into

Agtll, which includes the steps of blunt-ending thg'frag-

25 ments, adding EcoRI linkers and ligating the fragments

with EcoRI cut Agtll. The resulting viral genome library

may be checked to confirm that a relatively large
(representative) library has been produced. This can be

done, in the case of the Agtll vector, by infecting a

30 suitable bacterial host, plating the bacteria, and exa-

mining the plaques for loss of B-galactosidase activity.



at either end of the viral coding sequences, but does not produce internal
cl eavage. If the clonal HTLV-1 genone is a variant with a third Sacl
site, an appropriate restriction enzyme will be chosen to isolate the full-
5 length genone. The purified full-copy sequence is about a 9.5 kil obase
fragnent. Alternatively, a fragnent of the genone representlng the™env
gene sequences alone may be purified for production of the expression
library. Alternatively, cloning vectors containing full-copy 10 HTLV-I
dupl ex DNA have been reported (Seiki) and nmay be obtained directly fromthe
investigators, as indicated in Exanple 1. To produce the desiréd HTLV-I
genomic library, the full-copy HTLV-1 insert is excised fromthe above
cloning 15 vector, such as by conplete di@é@tion with Sacl, and iso- |ated
as a 9.5 kil obase fragnent, as described in Exanple 1, The isol ated

full -copy fragHsangi shei gEeredures prescriked DNA EXamRietd, aheupreferadl y
random fragnentgeWpl Bgtes esnaﬁedombasnbf yeﬁeymeeacﬁbouty ,’LOGhéﬂchﬂﬁSr@@i rs.

20 Exanple 1 describes th

il gestion, BeckisEs Yvlect cheehotely SHEde SPHVIRR WB5ROF Farvme,
about 30- 100 aschdviatygdsastseeni imsExdmplgehi s are preferably size
fractionateds {or ?é&@ ﬂr)lt dswfu esis, to select thase in the 25

approxi mately 100-300 s - ge._ The genon1c di gest fragnents
are inserted into aTgﬁlﬁﬁﬂ? rRgav¥ct ed e Pﬁﬁly‘%n%ﬁﬁﬁ¥ﬁ§§goﬁ°r
vect or production. of peptide antigen {expressed as a fusion pPro-

tein) which is immunoreactive with the human anti-HTLV-I

antibody of interest. One antibody of particular inte-
10 rest for diagnosing HTLV-I infection is the .5e¢ mono-

clonal antibody (Mab) which, as noted above, is has the

same specificity as antibodies present in patients with

T-cell leukemia related to HTLV~I infection. The antibo-

dy is produced by the EBV-transformed B-lymphocyte cell
15 1line having ATCC Deposit No. HC8755 (See Example 2).

In a preferred screening method, host cells infected
with phage library wvectors are plated, as above, and the
plate is blotted with a nitrocellulose filter, to trans-
fer recombinant antigens produced by the cells onto the

20 filter. The filter is then reacted with the anti-~HTLV-I
antibody, washed to remove unbound antibody, and reacted
with reporter-labeled, anti-human antibody, which becomes
bound to the filter, in sandwich fashion, through the

. anti-HTLV-1I antibody. : :

25 Typically, phage plaques which are identified by

' virtue of their production of recombinant antigen of
interest are re-examined at a relatively low density, for

- production of antibody-reactive fusion protein. The
screening procedures described in Example 2 are illustra-

30 tive. Several recombinant phage clones which produced
immunoreactive recombinant antigen were identified in the
procedure.



whi ch permts expression of the coded-for peptide in a suitable host. One
preferred expression vector is [err]gtll, 30 which contains a uni que EcoR
insertion site 53 base pairs upstream of the translation term nation codon
of the [err]-gal act osi dase gene. Thus, the inserted sequence  wl| be
expressed as a [err]-gal act osi dase gene. Thus, the inserted sequence” will
be expressed as a [err]-gal actosi dase fusion protein which contains nost of
the N-terminal por- tion of the [err]-gal actosi dase gene, the heterol ogous
pep- 5 tide, and at least a portion of the C-termnal region of the
[err]-gal act osi dase gene. This vector also produces a )
tenperature-sensitive repressor (cl857) which causes viral |ysogeny at
perm ssive tenperatures, e.g., 32[err]C, ant3leads to viral lysis at

el evated tenperatures, e.g., 10 42[err]C. Advant ages of this vector

i ncl ude: (1) hi ghl \Thef fone et merenbibnary geeactarsoddeppifigd psy ahove
sel ect |ysogeni 264 hoslecrhbfy OBy -easisy OhubselcCaldidr seeniting, to

pernm ssive, but not ‘hon-permssive, eq?era ures, and % é high. | evel s .of
reconbi nant f usidSFSFINE ntHPodRIREHHHORS 5 Oy Fﬁ@r,ng i pﬁgﬁ%n%orﬁeﬁirﬁ’}‘?g a
het er ol ogous i nsdtthigy odhee HULVARACtgeworiey r] - Mekhotssi fase exeising phage
e b e eh s, SR LS bl duhe! RidBlaE SUAIRY goquences
expressi on of the fusion protein, if desired) from the selected
library vectors, and for purifying and sequencing the
excised fragments generally follow known procedures, as
outlined in Example 3. The coding sequences of three

10 peptides which were found to be immunoreactive with the
.50 Mab are shown in the drawing. The three heterologous
sequences were matched with the known sequence of HTLV-I
(Seiki). As discussed more fully in Example 3, all of
the sequences fall within base pairs 5565 and 5895 of the

15 HTLV-I genome, within the gene coding for the HTLV-I
envelope protein gp46 (drawings, part A), and have an
overlapping coding sequence (defined by the two arrows in
the drawing) between base pairs 5664 and 5790 (drawing,
part B). As seen in the drawing, part C, the overlapping

20 sequence codes for a 42-amino-acid peptide antigen having
the following amino acid sequence:
Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Ile-Trp-Phe-
Leu~Asn~-Thr-Glu-Pro~Ser-Gln-Leu-Pro-Pro-Thr-Ala-Pro~
Pro~Leu-Leu-Pro-His~-Ser-Asn-Leu-Asp-His-Ile-Leu-Glu-

25 Pro-Ser. Screening studies conducted in support" of the
invention indicate that the MTA-1 peptide picks up the
highest percentage of HTLV-I positive sera, particularly
among subjects of Japanese ancestry. As seen in Figure
3, the MTA-1 peptide includes the additional Ile-Pro-Trp-

30 Lys-Ser-Lys residues at the Ser C terminus of the above
sequence. In a preferred embodiment of the invention,
the HTLV-1I specific peptide contains the immunogenic



20 vector may be nodified, if needed, to contain selected restriction-site
| i nkers, such as EcoRl | i nkers, according to conventi onal

pr ocedur es. Exanple | illus- trates nethods for cloning the digest
fragments into [err]gtll, which includes the steps of blunt-ending the
frag- 25 nments, adding EcoRl |inkers and ligating the fragnments with EcoRl
cut [err]gtll. The resulting viral genone library may be checked to confirm
that a relatively large (representative) |ibrary has been produced. This
can be done, in the case of the [err]gtll vector, by infecting a 30

sui tabl e bacterial host, plating the bacteria, and exa- m ning the plaques
for loss of [err]-gal actosidase activity. 12 Using the procedures
described in Exanple 1, about 60% of the BMaques showed | oss of enzyne

activity, when conpared to the |evel of back%rﬁgundog?ée show ng | oss of
enzyme acti vi t5e9%pR sefn the ekakprainals 48 Bei t MIBALEGRBEINSh The

genom c | i bramhier iyl iaditsodeacinee Mt H alhepr.Gdustaban of peptide antigen

St ETLV- 1 anti bodtPi Aetieatls e R EEROBI A0 9L e Y e
for di agnosi nginéluded théednimymogeniice r&gion] ofortthe cabove aminbodcidvab)
which; as ngt el ARG 4H188S 15" mmunoreactive with the .5¢ Mab. as
defined herein, the specified sequence includes minor,
neutral amino substitutions which do not éipreciably
decrease the immunoreactivity of the peptide antigen for
the .5a Mab. Such amino substitutions may be selected on
10 the basis of similarities in hydrophobicity, size,
charge, hydrogen bonding ability, and effect on secondary
structure according to known amino acid substitution
principles. _

The selected clones are used for scale-up produc-

15 tion, for purposes of recombinant protein purification.
Scale-up production is carried out using one of a variety
of reported methods for (a) 1ysbgenizing a suitable host,
such as E. coli, with a selected Agtll recombinant, (b)
culturing the transduced cells under conditions that

20 yield high levels of the heterologous peptide, and (c)
purifying the recombinant antigen from the lysed cells.

In .one preferred method involving the above Aigtll
cloning vector, a high-producer E. coli host, BNN103, is
infected with the selected library phage, and replica-

25 plated on two plates. One of the plates is grown at
32°C, at which viral lysogeny can occur, and the other at
42°C, at which the infecting phage is in a lytic stage
and therefore prevents cell growth. Cells which grow at
the lower, but not the higher temperature, are therefore

30 assumed to be successfully lysogenized.




sanme specificity as antibodies present in patients with T-cell |eukem a
related to HTLV-1 infection. The antibo- dy is produced by the
EBV-transformed B-1ynphocyte cell 15 Iine having ATCC Deposit No. HC8755
(See Exanple 2). In a preferred screening nethod, host cells infected with
phage library vectors are plated, as above, and the plate is blotted with a
nitrocellulose filter, to trans- fer reconbi nant anti gens produced by the
cells onto the 20 filter. The filter is then reacted with the anti-HTLV-I
anti body, washed to renove unbound anti body, and reacted with
reporter-| abel ed, anti-human anti body, which becones bound to theée filter,

I n sandwi ch fashion, through the anti-HTLV-1 antibody. 25 Typi cal |y,
phage plaques which are identified by viizgue of their production of
reconbi nant antigen of interest are re-examned at a relatively | ow
density, for productiThe &Fsogehikedy-haesicticelld usiren theot egrown kuer

screeni ng procedyf y #?%¥?H t 3

Sever al recorrblﬁ'L g%glﬂcwg& I C s?o‘?i%g%g F%’%orhgggt ?’\fgd\rﬁggén& nant
antigen were i déﬂ’eﬁ f ‘&P‘? PXMee i ceRkREning theTNdrahe iserty o andyiysed
vectors identifimd SepidOoFfedsing’ €b efebéasénah;éz%sﬁ&ewcﬁ:ﬁzc‘onac‘pxebtem.

sequenci ng, tg These methods are detailed in Example 4.

HTLV-I coding sequences from the Agtll clone expres-
sing the peptide antigen MTA~1 have been prepared by PCR
amplification, as described in Section II below, and
cloned into the pGEX-~-1 expression vector (Pharmacia,

10 pPiscataway, NJ). Inserts cloned into pGEX-1 were
expressed as a fusion protein with the protein Sj26,
which is a 26 Kdal Glutathione S-transferase from the
parasite Schistosoma Jjaponicum. Limited paneling of
PGEX-MTA~1 ag;inst sera from HTLV-I or HTLV-I1 infected

15 individuals has revealed no significant difference
between the reactivity of pGEX-MTA-1 vs B-gal-MTA-1.

C. Peptide Purification

The recombinant peptide is purified by standard pro-
tein purification procedures which may include differen-

20 tial precipitation, molecular sieve chromatography, ion-
exchange chromatograﬁhy, isoelectric focusing, gel elec-
trophoresis and affihity chromatography. In the case of
a fused protein,_such as the B-galactosidase fused pro-
tein prepared as above, the protein isolation téchniques

25 which are used can be adapted from those used in isola-
tion of the native protein. Thus, for isolation of a -
galactosidase fusion protein, the protein can be isolated
readily by simple affinity chromatography, by passing the
cell lysis material over a solid support having surface-

30 bound anti- galactosidase antibody. This approach is
used in Example 4.




determ ne the positions of the peptide-coding regions within the HTLV-I
genone. Met hods for excising the 5 heterol ogous insert (including

adj acent codi ng sequences of the fusion protein, if desired) fromthe
selected library vectors, and for purifying and sequenci ng the excised
fragments generally foll ow known procedures, as outlined in Exanpte&=3.

The codi ng sequences of three 10 peptides which were found to be

i mmunor eactive with the .5[err] Mab are shown in the drawi ng. The three

het er ol ogous sequences were matched with the known sequence of HTLV-I
(Seiki). As discussed nore fully in Exanple 3, all of the sequences fal

w thin base pairs 5565 and 5895 of the 15 HTLV-1 genone, wthin the gene
coding for the HTLV-1 envel ope protein gpi® (draw ngs, part A), and have an
over | appi ng codi ng sequence (deflned by the tmo arroms in the draw ng)

bet ween base [Fdi.r s Pept4 dendng SWVAG : BaBseen in the draw ng,

part C, the overl a&gigl@eﬁe;qaﬁn%qs%ogeewe@ 42naghBenes Gapud deg

antigen having the Iovvlp@_gream no aci sequence

Ser - Leu- Leu- vAiethgsd To- Positiyepppuman sera, by
Leu- Asn- Thr - Grgator r-@eratewftﬁ Prap ?é ptiaePr canugen which is
Pro- Leu- Leu- Pro- Hi s- Ser- Asn- Leu:- H s-11e- Leu A u-

er.
Screeni ng s?udiMPMRQFRRGEIVE; pé'-r*le oRTENEL Maht ,pd?ﬁ) ‘}f'cﬁ a¥>¥ tALECt he
MIA-1 pepti de deiaksl ¥Ret mBEVIH|ESL . @erceﬁbagesopfmfmv- trhaoqs:tés@éeraf

particularly a ubj ect,s_of Japgnpe ncestr se I n_Figure
MIA-1 peptideH Uiﬁrégtﬁ L 21 enGH ‘%ﬁ-‘ 1s>‘detectea by
reporter-labeled anti-human antibody, as described in
Example 7. '
10

A. HTLV-I Derived Peptides
In one embodiment, the peptides contain the
immunogenic region from the 42-amino acid overlap
region from above-described MTA-1l, MTA-4, and MTA-5
15 HTLV-I peptides. These peptide antigens were further
characterized to confirm the location of the
immunoreactive region in the 42 amino acid seguence
overlap region. The location of the immunoreactive
region in the C-terminal portion of the overlap region
20 was suggested by two lines'of evidence. First, the
.5a Mab was reported to react specifically with the
HTLV-I envelop protein, i.e., no reaction was observed
with HTLV-II or HTLV-III (HIV-1l) envelop proteins. It
has since been confirmed by the applicants and their
25 co-workers that the gp46 peptide antigens MTA-1 and
MTA-4 described above are reactive with HTLV-I, but
not HTLV-II or HTLV-III antisera (Lipka).
Secondly, a comparison of the amino acid sequence
of MTA-1 peptide with the corresponding region in the
30 HTLV-I1 gpd46 protein (Figure 3) shows substantially




30 Lys-Ser-Lys residues at the Ser C term nus of the above sequence. In a
preferred enbodi nent of the invention, the HTLV-1 specific peptide contains
t he i munogeni c 14 region of the Ctermnal 48 am no acid MIA-1 seguence
which is imunoreactive with the .5 err] Mab. Mre generally, the HTLV-I
pepti des of the.invention include the immunogenic region of the above am no
acid 5 sequence which is inmunoreactive with the .5[err] Mb. As defined
herein, the specified sequence includes mnor, neutral am no substitutions
whi ch do not appreciably decrease the i munoreactivity of the peptide
antigen for the .5 err] Mab. Such am no substitutions nmay be sel ected on 10
the basis of simlarities in hydrophobicity, size, charge, hydrogen bondi ng
ability, and effect on secondary structurejgccording to known am no acid
substitution principles. The selected clones are used for scal e-up produc-

15 tion, for pyrasEesr Ohomoledyy Nianttlpes oNetarminialli cdidnof Sehke peptide
production is carried o using-one o ety of reported nethogs f.or
(a) |ysogeni zi %Psﬁ?t%h%a¢mék?m§ﬂéﬁ igﬁg EBﬁ?,qﬁW T, X89PP R the
[err]gtll recorHTIMAI , an@b)HELN+IT i sgqueacesansekmednc Filguxendad) . cormliis ons
t hat 20 yieldluéﬁidl?Xﬁk%égétéﬁépegﬂéﬂé¥§%§e8€pgf¥?efgﬁké§)in anti-
5 éenicity would be found in the C-terminal half of the
peptide region.

This was further confirmed by antigenicity plots
of the two corresponding peptide regions, shown in
Figures 4A and 4B for HTLV-I and HTLV-II peptides,

10 respectively. The éntigenicity plots were generated
by a standard hydrophobicity program "Antigen" in PC
Gene from Intelligenetics (Palo Alto, CA). As seen,
the two plots are substantially overlapping in resi-
dues 3-28, but diverge markedly in residues 28-40.

15 The divergent residues include the HTLV-I sequence
Leu-Pro~His~Ser-Asn-Leu-Asp-His~Ile-Leu-Glu-Pro-Ser.

A number of peptide antigens which include the C-
terminal region Jjust dindicated were prepared and
tested for binding to .5« Mab, and to HTLV-I and HTLV-

‘20 II antisera. The sequences of several of these pep-
tides are indicated in the upper portion of Figure: 3,
along with the sequences of the above MTA-1l, MTA-4,
and MTA-5 peptide antigens. The peptides were
prepared by solid-phase synthetic methods, according

25 to standard procedures. Briefly, N-alpha-protected
amino acid anhydrides were prepared in crystallized
form and used for successive amino acid addition at
the N-terminus. At each residue addition, the growing
peptide (on a solid support) was acid treated to

30 remove the N-alpha-protective group, washed several



purifying the reconbinant antigen fromthe lysed cells. In one preferred
met hod i nvol ving the above [err]gtll cloning vector, a high-producer E.
coli host, BNN103, is infected with the selected |ibrary phage, and
replica- 25 plated on two pl ates. One of the plates is grown at 32[err]C,
at which viral |ysogeny can occur, and the other at 42[err]C, at which the
I nfecting phage is in a |lytic stage and therefore prevents cell grow h.
Cells which grow at the | ower, but not the higher tenperature, are
therefore 30 assuned to be successfully |ysogeni zed. 15 The | ysogeni zed
host cells are then grown under liquid culture conditions which favor high
production of the fused protein containing the viral insert, and |ysed by
rapid freezing to release the desired fusl®n protein. 5 These nethods are
detailed in Exanple 4. HTLV-1 coding sequences fromthe [err]gtll cl one
expres- sing tHEN@Rpt ithe afEMG¥E MAEIifAHAE bed®l@refihd bP PORTomote

anplificati 0ma@ée§'§§§ilb€§ i Saeé | pepthdeeltyymamds ctenathd neaths opCEX- 1
b were dAuEeg TBe, Bepkide S BRE rerckag wgthiar robivhtecy (s
a 26 Kdal 4 utw%ﬂs&@ﬂecﬁeuramﬂraamdrsmdamablanhyamlidet,osa:mm the
J aponi cum L'fl&e=up 8rE 1s waghed.

At each residue-addition step, the amlno ‘acid
addition reaction may be repeated for a total of two
or three separate addition reactions, to increase the
percent of growing' peptide molecules which are

10 reacted. Typically, 1-2 reaction cycles are used for
the first twelve residue additions, and 2-3 reaction
cycles for remaining residues. After completing the
growing peptide chains, the protected peptide resin is
treated with llquld hydrcfluorlc acid to deblock and

15 release the peptides from the support.

The peptides were tested for specific immunoreac-
tivity with .5e¢ Mab by binding competition studies,
substantially as described in Example .6. The K163
peptide, which contains the 18 C-terminal re51dues of

20 MTA-4 or MTA-1l, strongly inhibits binding of .5a Mab
to MTA-4. ©No binding interference, however, was ob-
served with peptide K162, which contains only the 11
C-terminal residues of MTA-4. Peptide K164, which
contains the 6 C-terminal residues of MTA-4 and an

25 additional C-terminal 13 residues, weakly inhibited
binding between .5a Mab and MTA-4 or MTA-1.

These results indicate that the most potent immu-
noreactive region in the gp46 peptide for the .5ac Mab
is in a region which includes peptide K163, consistent

30 with the divergence in sequence homology and anti-



pCEX- MTA-1 agai nst sera from HTLV-1 or HTLV-I1 infected 15 individuals has
revealed no significant difference between the reactivity of pCGEX- MIA-1
vs [err]-gal-MIA-1. C. Peptide Purification The reconbi nant peptide is
purified by standard pro- tein purification procedures which may include
differen- 20 tial precipitation, nolecular sieve chromatography, ion-
exchange chromat ography, isoelectric focusing, gel elec- trophoresis and
affinity chromatography. |In the case of a fused protein, such as the
[err]-gal actosi dase fused pro- tein prepared as above, the protein

I sol ation techniques 25 which are used can be adapted fromthose-used in

I sola- tion of the native protein. Thus, for isolation of a -

gal act osi dase fusion protein, the protein gqan be isolated readily by sinple
affinity chromatography, by passing the cell lysis material over a solid

support having gefiicf€g- ploto et wééh - HTLF-IC R HEEVADIi bedyencehi sn
e o eaThce <o heast bIRLASC pe PGS LY bhelilca
detecting HTLV-pepestiei vRashuihdicate thateatid ngpitepe of t bntereseptige
antigen which g2 S RITURQLeRLl A JUp ol 88 LY 1 {0 OdUeisi By ATSE
5 overlap between K163 and K164, where adjacent N-

terminal or C-terminal sequences are required for

' antigen presentation, or may indicate that the K164

peptide contains an additional epitopic region which

is weakly immunoreactive with the .5a Mab.

10 The peptides were also examined for their ability
to inhibit binding of antisera from HTLV-I infected
patients to MTA-4. In general, it was found that the
ability of any particular peptide to inhibit binding
of .5a Mab to MTa-4 paralleled its ability to either

15 bind to HTLV-I antisera in an ELISA binding protocol
(Example 6B) or to inhibit binding of human HTLV-I
antisera to MTA-4 or MTA-1 in a Western blot assay
(Example 8C). Thus, peptide K162 did not react with
any HTLV-I sera in the ELISA protocol and did not

20 inhibit binding of J-254 sera to MTA-1 or MTa-4.

B. Random-Sequence Peptides
In another embodiment, the .5a Mab-reactive
peptide for use in the method is prepared by selection
25 of random-sequence peptides. Recently, it has been
demonstrated that antibodies directed against specific
short (5-10 residues) peptides can be used to screen
libraries of randomly generated peptides for
immunoreactive species. (Scott; Cwirla et al). Such a
30 strategy is exploited herein to identify novel




cell Iine HB8755, i.e., the .5a Mab. The presence of HILV-1 specific
antibodies in sera is detected by a reporter-1abeled anti-human anti body,
as described in Exanple 7. 10 A. HTLV-1 Derived Peptides |In one enbodi nent,
t he peptides contain the i mmunogenic region fromthe 42-am no acid overl ap
region from above-descri bed MIA-1, MIA-4, and MIA-5 15 HTLV-I| pepti des.
These peptide antigens were further characterized to confirm the

| ocati on of t he i munoreactive region in the 42 am no acid sequence

overl ap region. The |l ocation of the inmmnoreactive region in the
C-termnal portion of the overlap region 20 was suggested by twd |ines of
evi dence. First, the .5[err] Mab was reported to react specifically with
the HTLV-1 envelop protein, i.e., no reactlon was observed with HTLV-11 or
HTLV-111 (H V-1) envelop proteins. It has since been confirmed by the

appl i cant s and sefiences cowhbfRer #8ehat iMRENgER8CEdYE deWwhkbi gdhi® MrASa and

MIA- 4 descri be%o%%‘i%ﬁle doephégg. W th HILV-1, but not HTLV-I1 or HTLV-I111
antisera (Lipka). Secondly, a conparison of the am no, acid_sequgnce of
MIA-1 peptide with £Re &R# r BIESSFLRS rRgthady n ARRFSELFALOLY HhsPretein
(Figure 3) showeptdpdptilded | ¥re generated through construction of an
5 epitope library using the filamentous phage fUSES as a
vector. Other filamentous phage vectors are consi-
dered to be equally efficacious in developing such a
library.
Figure S shows schematically the sequence of steps
10 necessary to generate and screen a fUSE5 filamentous
phage epitopic library. Briefly, fUSES RF DNA is sub-
jected to digestion with restriction endonuclease Sfil
to create an insertion site for insertion of foreign
DNA. A synthetic (15+3m) base pair (bp) Bgll DNA
15 fragment is preparéd which contains a degenerate se-
quence of the form (NNK)m, where N repﬁ:esentis A, G, C, .
or T; K represents G or T; and m can vary from 2 to
15. In the preferred embodiment of the invention, m
ranges from 5-10 and the bases are randomly added in
20 single addition events to the template primer. An
alternative method of achieving random addition of
codons coding for the twenty amino acids is to random-
ly attach trinucleotide codons representing each amino
acid to the template primer. ' )

25 Following 1ligation of the insert to the cloning
vector, amplification of the filamentous phage vector
is achieved by transfection of E. coli cells. Suc-

cessful transfection is measured by the presence of
vector borne markers. In the preferred embodiment of
30 the invention, this marker is tetracycline resistance.



greater honmology in the N-termnal half of the peptide than in the
C-termnal half (the center region of the HTLV-1 and HTLV-Il sequences seen
in Figure 3). This would indicate that the greatest differences in anti- 5
genicity would be found in the Gtermnal half of the peptide region. This
was further confirnmed by antigenicity plots of the two corresponding -

pepti de regions, shown in Figures 4A and 4B for HTLV-1 and HTLV-I

pepti des, 10 respectively. The antigenicity plots were generated by a
standard hydrophobicity program "Antigen” in PC Gene fromlintelligenetics
(Palo Alto, CA). As seen, the two plots are substantially overlapping in

resi- dues 3-28, but diverge markedly in residues 28-40. 15 The divergent
resi dues include the HTLV-1 sequence

21
Leu- Pro- Hi s- Ser- Asn- Leu- Asp-Hi s-11e-Leu-Qd u-Pro-Ser. A nunber of peptide
antigens which Réébﬁ@qntah& fhta@'eﬂ Rdle I eGiedn Jllsiilat[éhcaﬁmhwﬂf&tpéﬁﬂéled

and tested for mg? %I\/ab and to I—FI'LVI d_HTLV-
antisera. The E fenc &Qﬁ :)é? FAPRS o FEMENCTHE t?‘ﬂggr&t’s ﬁﬁﬁ cJa‘?gejal n

the upper porti tedofbyi gar ar&:.hbdangpmhlin@aneeh]udnaes whiche pilzmge AFé- 1
T g VT B BRRAE S50 s iRl 53¢ V508 P AELREnDY
Briefly, N-& pBaopinydated aﬁtﬁbndmahtankudyl dg@awerm'piehamad iIgG) is
crystallized then added, and complexes containing biotinylated
second antibody, the .5a¢ Mab and immunoreactive pep-
tide bearing phage are separated from unreacted
antibodies and phage by .adhesion onto a streptavidin
10 coated plate. Phage bearing immunoreactive sequences
are then eluted, and their DNA sequences are
determined. ' X
Foreign DNA sequences present in the filamentous
phage fusion protein pIIl determine the sequence of
15 the immunoreactive peptide. Peptides discovered to be
immunoreactive through this procedure can then be syn-
thesized by standard peptide synthetic methods and
prepared as immunogens by conjugation to an appropri-
ate peptide carrier.
20
III. HTLV-II Peptide Antigens
This section describes the identification and
cloning of HTLV-II peptides which are specifically
immunoreactive with HTLV-II antisera. The peptides
25 are derived from the HTLV-II gp46 envelop protein
region which is homologous to the above described MTA-
1 peptide from the HTLV-1 gp46 region.
An HTLV-II peptide designated GH2~K15 (Figure 3)
corresponding to the HTLV-I peptide MTA-1 was prepared
30 by cloning of an HTLV-II coding sequence corresponding




formand used for successive amno acid addition at the N-term nus. At each
resi due addition, the growing peptide (on a solid support) was acid
treated to 30 renobve the N al pha-protective group, washed several 18
times to renove residual acid and to pronpte accessibility of the
peptide termnus to the reaction nedium The peptide is then reacted with
an activated N-protected am no acid symetrical anhydride, and the 5 solid
support is washed. At each residue-addition step, the am no acid addition
reaction may be repeated for a total of two or three separate addition
reactions, to increase the percent of grow ng peptide nol ecul es which are
10 reacted. Typically, 1-2 reaction cycles are used for the first twelve
resirdue additions, and 2-3 reaction cycl&2for renaining resi dues. After

conpleting the grow ng peptide chains, the protected % tide resinis
treated with Eoqthe esitedopept dded sequenseck And4 5%@%@% hé&bp)

pepti des f romyilho_gupiiid £ ThomeRE! i eiond oaycdol BucTRpifdds s64

i nmunoreac- tivit .5[err]_Mb_by bindin ition studjes,
substantial | yt&sS §§QHQQ) ¢nH XﬁﬁﬂegqyomeTﬁggﬁgg ﬁémﬂ4ﬁ3°¥%ﬁéﬂal“
contains the 1§ GuEIified TeonlUEReOHTLV-II clone pM04 (which con-
5 .tains the majority of the HTLV-II genome cloned into
the BamH I site of the plasmid pBR322) by use of the
polymerase chain reaction (PCR) procedure -( Perkin-
Elmer/Cetus GeneAmp kit).
The forward direction and reverse primers are
10 indicated in Figure 6. The amplified DNA was ligated
into the EcoR I site of Agtll phage vector, yielding
the clone as3K1l5 which contains a 147 HTLV-II DNA
insert into _ the -galactosidase gene  of the
agtll. The recombinant phage was used to transfect E.
15 coli strain BNN103. Details are given in Example 5.
In  a preliminary experiment, sera from.épproxi-.-
mately 200 individuals with PCR-confirmed HTLV-I or
HTLV-II infection, as well as sera from approximately
150 uninfected individuals were paneled against the
20 GH2-K15 antigen.  98% of the sera from HTLV-II
infected individuals reacted with GH2-K15. None of
either the HTLV-I infected sera or the uninfected sera
reacted with GH2-K15. The screening Tresults
demonstrate that the GH2-K15 peptide is speciffcally
25 immunoreactive with HTLV-II positive sera.
Several smaller peptides contained with the GH2-
K15 amino acid sequence were prepared by recombinant
methods, as outlined in Section 1. Briefly, the pep-
tides were prepared by PCR amplification of HTLV-II
30 genomic DNA, using PCR primers designed to promote



20 MIA-4 or MIA-1, strongly inhibits binding of .5a Mab to MIA-4. No

bi nding interference, however, was ob- served with peptide K162, which
contains only the 11 Ctermnal residues of MIA-4. Pepti de K164, which
contains the 6 C-term nal residues of MITA-4 and an 25 additional C-term nal
13 residues, weakly inhibited binding between .5a Mab and MIA- 4 Or==MTA- 1.
These results indicate that the nbst potent immu- noreactive region in the
gp46 peptide for the .5 err] Mab is in a region which includes peptide
K163, consistent 30 with the divergence in sequence honology and anti-

19 genicity plots between HTLV-I .and HTLV-I11 sequences in this region. The
weak binding of .5 err] Mab to the K164 peptide nay indicate that the
epitope of interest in the Hi s-11e-Leu-@38u-Pro-Ser-H s-11e-Leu regi on
of 5 overlap between K163 and K164, where adjacent N termnal or
C-term nal secamplificatioaquwf etheorseaqienmes piaskdoatiedn, asr detailed cat e

weakly | mminor Bl UERALh She <SigN ] CmorheGe | BEPFASE O diithaceq, o,
exam ned for t{@H2-hbKLlidt,y Kb6i nKRKi,t KASdi apdoK34ntharee atheoraaquances
I nfected patiqgﬁéwﬁoiHW§16ufé1§Fmeral, it was found that the
5 The recombinant HTLV-II peptides described above
were immunoscreened against several HTLV-II and HTLV-I
in an ELISA format, as described in Example 8. The
results are shown in Table 1. All Agtll HTLV-II clones
except for GH2-K16 were recognized by at least 1 out
10 of the 6 HTLV-II sera tested. GH2-K16, the sole
non-reactive clone, is missing the carboxyl terminal
22 amino acids that are included in GH2-K15. All the
other clones tested contain at 1least the 17 amino
'acids Ser—-Pro-Pro-Leu-Val-His-Asp-Ser-Asp-Leu-Glu-His~
15 Val-Leu-Thr-Pro-Ser that are present in peptide K125.
Also as seen in Table 1, none of the tested
peptides reacted with any of the HTLV-I sera, nor with
the .5a Mab.
Three of the original HTLV-II clones, GH2-K15,
20 GH2-K35, and GH2-K16 have been cloned into the pGEX-1
expression wvector. Recombinant protein expressed by
the 3 pGEX-1 HTLV-II clones GH2-K1S5, GH2-K25, and
GH2-K35 have all been recognized by the J-317 HTLV-II
serum. )
25



ability of any particular peptide to inhibit binding of .5a Mab to MIA-4
paralleled its ability to either 15 bind to HTLV-I antisera in an ELI SA

bi ndi ng protocol (Exanple 6B) or to inhibit binding of human HTLV-|
antisera to MTA-4 or MIA-1 in a Wstern blot assay (Exanple 8C). Thus,
peptide K162 did not react with any HTLV-1 sera in the ELI SA protocsl and
did not 20 inhibit binding of J-254 sera to MIA-1 or MIA-4. B.

Random Sequence Peptides In another enbodinent, the .5a Mab-reactive
peptide for use in the nethod is prepared by sel ection 25 of

random sequence pepti des. Recently, it has been denonstrated 't hat

anti bodi es directed agai nst specific short (5-10 residues) peptides can be
used to screen libraries of randomy 24ener at ed pepti des for

I mmunor eacti ve species. (Scott; Owirla et _al). Such a 30 strategy is
exploited herein to identify novel X2R38 dequences which are

| mmunoreactive wth the .5[err] nonoclonal antibody. In the preferred
nmet hod, approxi mately 10[err] novel heptapept d_t hrough
construction of an 5 epitope |ibrary usi ng th‘ﬁ -%rm%ge TUSE5 as a
vector. ClherSERUMrent\tiKm)haﬁge vect K15 arkKléonklé K24 K34 K35

5 J-11% . II 2 +/- - - - - -
J-127 II 2 - - - - - -
J-289 I1 2 - - - - - -
J-309 II 2 - - - - - -
J-263 1I 3 $/= - - & = -

10. J-317 II 2 ++ + - ++ + +
J-103 I 2 - - - - - -
J~108 1 2 - - - - - -
J-183 I 2 - - - - - -

15 .5a Mab I 1 - - - - - -

A number of peptide antigens which contain amino -
acid sequences within the K15 sequence were prepared by
solid-phase methods, as outlined in Section III above.

20 The sequences of five of these pepi:ides, designated
(GH2-) K169, K170, K125, K126, and K128 are shown in
Figure 3. The peptides were tested for immunoreactivity
with several HTLV-I and HTLV-1I positive sera, by an
ELISA method, a.nd some of the peptides were also examined
25 for their ability to inhibit HTLV-II antibody binding to
the K15 antigen. )

The K125 peptide was recognized by multiple HTLV-II
sera when assayed by ELISA. In one experiment 6 out of
12 HTLV-II sera were able to bind efficiently to K125.

30 In the same experiment 0 out of 7 HTLV-I sera bound
peptide K125. The K125 peptide also inhibited the
binding of a strongly reactive HTLV-1I sera, J-317, to




dered to be equally efficacious in devel oping such a library. Figure 5
shows schematically the sequence of steps 10 necessary to generate and
screen a fUSE5 fil anentous phage epitopic library. Briefly, fUSE5 RF DNA is
sub- jected to digestion with restriction endonuclease Sfil to create an

I nsertion s¥t*e for insertion of foreign DNA A synthetic (15+3m base
pair (bp) Bgll DNA 15 fragnent is prepared which contains a degenerate
se- quence of the form (NNKfm where N represents Al G C, or T; K

represents Gor T, and mcan vary from2 to 15. 1In the preferred
enbodi nent of the invention, mranges from5-10 and the bases are randomy
added in 20 single addition events to the tenplate priner. An alternative

met hod of achieving random addition of 28dons coding for the twenty
amno acids is to random |y attach trinucl eotide codons representing each
anino acid to wéstérmpbabetpdi @H2-KA5. Theolakddilty |e§HasrsA of-Ie Fasert

to the cloning,y, ‘?eg z_qgﬂtg i f |soahFQn %Féggeal I@irerﬂ,{a&a&ﬁ@g,e weehor thé

achi eved by t ran I on uc- cessf ul nsfection is
measured by th’éﬂa\"e%eﬂ%tﬂev'&?%rmbdi% BEL Vet PeRyy %éﬂpi%‘f erred
enbodi ment of 30 t henénNyeRV-aIa, geptiderkKET70i $st atecngndlzete besmnelthpke
$ .HTLV-II sera in an ELISA based assay, and not recognized
by HTLV-I sera in the same assay. The K169 peptide is
not recognized by HTLV-II sera in an ELISA based assay.
Data from both the analysis of HILV-II recombinant
antigens and the synthetic HTLV-II peptides indicate that
10 the HTLV-1I specific epitope is contained in the 17 amino
acid sequence Ser~Pro-Pro-Leu-Val-His-Asp-Ser-Asp-Leu- .
Glu-His-Val-Leu-Thr-Pro-Ser in the GH2-K15 peptide. Data
obtainéd by extensive paneling of the HTLV-I antigens
MTA-1 and MTA-4, discussed above, would suggest that the
15 6 final amino acids of GH2-K15, Thr-Ser-Trp-Thr-Thr-Lys,
may also contribute to the epitope recognized by HTLV-II
antisera.

IV. HTLV-I and HTLV-II Diagnostic Methods
20 Three basic types of diagnostic applications of the
HTLV~1 and HTLV-II peptide antigens of the invention will
be described. The first is based on inhibition of
complement-mediated, antibody-dependent cytolysis by the
peptide. In this method, serum from a test individual is
25 reacted with HTLV-I or HTLV-II infected T-cell clbnes in
the presence of complement. The presence of anti-HTLV-I
or anti-HTLV-II antibody is evidenced by cell lysis, as
judged, for example, by trypan blue dye exclusion.
Where cell lysis is observed, the specificity of the
30 anti~HTLV-I antibody for the HTLV-I peptide is demon-
strated by first reacting the serum with excess HTLV-I or
RTLV-I1 peptide, then mixing the serum with cells in the




21 Reconbi nant phage are then isolated frombacterial cells. Phage bearing
sequences of interest are isola- ted by an anti body panning nethod in which
phage are incubated with the .5[err] Mab or its Fab fragnent. 5

Bi oti nyl ated second anti body (goat anti-human 1gG is then added, and

conpl exes contai ning biotinylated second anti body, the .5a Mab ‘d@nhd™:

| mmunor eacti ve pep- tide bearing phage are separated from unreacted

anti bodi es and phage by adhesion onto a streptavidin 10 coated pl ate.

Phage bearing i mmunoreactive sequences are then eluted, and their DNA
sequences are determ ned. Forei.gn DNA sequences present in the filanmentous
phage fusion protein plll determ ne the sequence of 15 the imunoreactive
pepti de. Peptides discovered to be i mmuno2@active through this procedure
can then be syn- thesized by standard peptide synthetic nethods and
prepared as i MARFSHESs A eWRRINEnton t BhanPEPPeRerR | Of aHELYeht PHe BV er
20 1'11. HTLV- i1 Pertideap\ntiisgeiqdibatededy 08 dapetiapesalhedédshstdd i gation

FTLVE 1| anti SERLL Lie oo neshoy, 3sCaBREE br ok REAHES 6 g pag M
envel op protein re@hen metihod icarhaddmgoeisusedt he ghentitiater thed antA-
) body titer in the analyte serum, by titrating the serum
with increasing amounts of peptide, and determining the
_peptide concentration where a noticeable effect on the'
extent of cell lysis is first observed.
The second general assay type is an enzyme-immuno-
10 assay for screening human sera for HTLV~I or HTLV-II
infection. 1In this assay format, a solid phase reagent
having surface-bound HTLV-I or HTLV-II gp46 peptide anti-
gen is reacted with analyte serum, under conditions which
allow antibody binding to the peptide on the reagent.
15 After washing the reagent to remove unbound serum compo-
nents, the reagent is reacted with an enzyme-labeled
anti-human antibody, to bind enzyme to the reagent in
proportion to the amount of bound anti-HTLV-I ahtibody on
the solid support. The reagent is again washed, to re-
20 move unbound antibody, and the amount of enzyme asso-
ciated with the reagent is determined. One exemplary
method, employing an anti-human antibody labeled with
alkaline phosphatase, 1s detailed in Example 7 for a
direct HTLV-1 screening assay. The enzyme-labeled anti-
25 body, and reagents required for enzyme detection; are
also referred to herein as reporter means for detecting
the presence of human antibody Sound to the peptide anti-
gen on the solid support.
The solid surface reagent in the above assay is pre-
30 pared by known techniques for attaching protein material
to solid support material, such as polymeric beads, dip
sticks, or filter material. These attachment methods




1 peptide fromthe HTLV-1 gp46 region. An HTLV-11 peptide designated

GH2- K15 (Figure 3) corresponding to t he HTLV-I pepti de MIA-1 was prepared
30 by cloning of an HTLV-11 codi ng sequence correspondi ng 22 to the
desired peptide sequence. A 147 base pair (bp) HTLV-11 DNA fragnent
correspondi ng to nucl eotides 5648 to 5794 of the HTLV-I11 genone (Figare 6)
was original- Iy anplified fromthe HTLV-11 clone pM)4 (which con- 5 tains
the majority of the HTLV-11 genone cloned into the BanH | site of the

pl asm d pBR322) by use of the polynerase chain reaction (PCR) procedure (
Per ki n- El mer/ Cetus GeneAnp kit). The forward direction and reverse priners
are 10 indicated in Figure 6. The anplified DNA was |igated into the EcoR I

site of [err]gtll phage vector, yielding tkg clone as3K15 which contains a
147 HTLV-11 DNA insert into, the - gal act osi dase gene of t he

[err]gtll. The gemerdllwninpbade non-gpedifict aasvirption o tiee i psdtein
I s T
infection, as v%’F#mE]se s@ﬁa ¢¥ obhgpprova hente| ptrachments cef edhendPyPtiedn s
wer e pane| ed aggypbéalh through a free amine group, to a chemically
S reactive group on the solid support, such as an activated

carboxyl, hydroxyl, or aldehyde group.

The third general assay type is Western blot assay
for use in confirming HTLV-I or HTLV-II antisera. This
assay format includes, in addition to the gp46 peptide

10 . antigen of the invention, one or more confirmatory HTLV-1
or HTLV-II antigens that are effective to detect HTLV-I
or HTLV-I1 antisera. In one preferred format, the
confirmatory peptides include the p24 gag protein from
HTLV-I wviral lysate, and a Pp2lE recombinant envelop

15 protein containing a large portion of the HTLV-I gp2l
envelop protein (Samuel, 1984, 1985). The p24 lysate
proteins picks up most, but not all HTLV~I and HTLV-II
positive sera. The p2lE recombinant peptide picks up
virtually all HTLV-1 and HTLV-II, but also gives some

20 false positives. This modified Western blot assay has
been reported by the applicants and co-workers (Lipka).
Details -of the blot assay procedure are given in Example
8.

As has been described, and as is detailed in Example

25 8, the modified Western blot format picked up all: HTLV-I
and HTLV-II positive sera tested (a panel of 95), as
evidence by immunoreaction with viral lysate protein p24
and recombinant protein p2lE. In addition, the MTA-4
peptide was immunoreactive with confirmed HTLV-I sera

30 only. The modified blot assay thus can be used to
confirm HTLV-I or HTLV~II antisera, and to distinguish



20 GH2-K15 anti gen. -98% of the sera from HILV-11 infected
i ndi viduals reacted with GH2-K15. None of either the HTLV-I infected

sera or the uninfected sera.reacted wth GH2-K15. The screeni ng
results denonstrate that the GH2- K15 peptide is specifically 25 )

i munoreactive with HTLV-11 positive sera. Several snualler peptides
contained with the GH2- K15 ami no acid sequence were prepared by

reconbi nant nmethods, as outlined in Section I. Briefly, the pep- tides
were prepared by PCR anplification of HTLV-11 30 genom c DNA, using PCR
primers designed to pronote 23 anplification of the sequencés indicated,

as detailed in Exanple 5. Five of these peptides, designated (GH2-)
K14, K16, K24, K35, and K34 have the sequ28ces shown in Figure 3. 5
The reconbi nant HTLV-11 peptides descri bed above were i mrunoscreened
agai nst sever athelTtwol [types HIT\ETLY nvinugl bgA sediefiiveasimrunnriegat iion

Exanpl e 8. Thgiﬁﬁseh&spgﬁ@,_&@og@ tHe W&t&onp\l | [err]gtll HTLV-11 clones
except for GH2-K16 were recognglélp%d | east 1 out 10 f the 6 HTLV-II

sera tested. GH2IR 1 gnothe 9 ek tihfe "fﬁ% qt A8SRY rt
car boxyl term HaLVZ22 pepvbdecantigémtisirsepludaddy mheGiﬂ!IK&a‘.I A p‘épa-

5 tide antigen described in Section III. 1In this format,
the HTLV~I viral lysate proteins and p2lE recombinant
protein provide confirmation of HTLV-I of° HTLV-II
antisera, as above. The HTLV-II specific peptide will
pick up HTLV-II, but not HTLV-I antisera, and thus

10 provides a positive confirmation of HTLV-II antisera.

The two formats can be combined to include both
HTLV-I and HTLV-II specific peptide 'antigens, to give
positive confirmation of either HTLV antisera.

15 V. vVaccine Compositions
| Also included in the invention 1is a vaccine
composition containing an HTLV-I gp46 peptide and a
antigen carrier, such as an immunogenic protein, to which
the antigen peptide is bound. The peptide contains an
20 immunogenic region formed by the "above 42- or 47-amino
acid overlap of MTA~l, MTA-4, and MTA-5 ©peptides
described in Section I, which is immunoreactive with
anti-HTLV-I .5¢ Mab, i.e., the antibody derived from
ATCC cell line HBB8755. More specifically, the peptide
25 contains the immunogenic region of the peptide
sequence Thr-Ala-Pro~Pro-Leu-Leu-Pro-His-Ser~Asn-Leu-
Asp-His-Ile-Leu-Glu~Pro-Ser. Since the .50¢c Mab is a
neutralizing antibody, the antibody raised by the
peptide is expected to be a neutralizing antibody.
30 The vaccine composition may alternatively include
the HTLV-II gp46 peptide containing the HTLV-II




ot her clones tested contain at |east the 17 am no acids

Ser - Pro-Pro-Leu-Val - H s- Asp- Ser - Asp- Leu-d u- Hi s- 15 Val - Leu- Thr - Pro- Ser
that are present in peptide K125. Also as seen in Table 1, none of the
tested peptides reacted with any of the HTLV-1 sera, nor with the .5[err]
Mab. Three of the original HTLV-11 clones, GH2-K15, 20 GH2- K35, ahd GH2- K16
have been cloned into the pGEX-1 expression vector. Reconbi nant protein
expressed by the 3 pGEX-1 HTLV-11 clones GH2-K15, GH2-K25, and GH2- K35 have
all been recognized by the J-317 HTLV-1l serum 25 24 Table 1

------ HTLV-11 ANTI GENS----- SERUM VIRUS N K15 K14 Kl6. K24 K34
K35 5 J-115 I 2 +/ - - - - - J-127 I
2 J-289 I 2 J-309 I 2 99 - - - - -
J-263 [ 3 +/ - - - + - 10. J-317 [

2 ++

Specific iﬁmunﬁggni53f48§on fotmed b¢ the amino acid
sequence Met-Thf-Leu-Leu~Val-Asp-Ala-Pro-Gly-Tyr-Asp;
Pro-Leu~Trp-Phe~Ile~Thr-Ser-Glu-Pro-Thr-Gln-Pro-Pro-

Pro-Thr-Ser-Pro~Pro-Leu-Val-His-Asp-Ser-Asp-lLeu-Glu-

5 His-Val-Leu-Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-Lys,  and
preferably formed by the amino acid sequence Ser-Pro-
'Pro-Leu-Val-His-Asp-Ser-Asp-Leu-Glu~His-Val-Leu-Thr-
Pro-Ser-Thr-Ser-Trp-Thr-Thr~Lys, or Ser~Pro-Pro-Leu-
Val-His-Asp-Ser-Asp-Leu-Glu-His~-Val~Leu-Thr-Pro-Ser.

10 Particularly useful protein' carriers for the
peptide(s) include keyhole limpet hemocyanin (KLH),
tetanus toxoid, poly-1-(Lys:Glu), peanut agglutinin,
poly-D-lysine, diphtheria toxoid, ovalbumin, soybean
agglutinin, bovine serum albumin (BSA), human serum

15 albumin, and the like.

The immunogenic peptide(s) may be conjugated to
the carrier by a variety of known methods, including
chemical derivatization and by genetic engineering
techniques. Such latter technique is disclosed in

20 more detail by Gerald Quinnan, "Proceedings of a Work-
shop, " November 13-14, 1984. Vaccines and inocula of
the present invention may be administered by injec-
tion, usually intramuscularly or subcutaneously, oral-
ly by means of an enteric capsule or tablet, as a sup-

25 pository, as a nasal spray, and by other suitable
routes of administration. For a human patient, a
suitable dose of the polypeptide depends, in part,
upon the chqsen route of administration and a number
of other factors. Included among those factors are

30 the body weight of the mammal to be immunized, the



J-108 I 2 - - - - - - J-183 I 2

- - - - - - 15 .5[err] Mab I 1 - - -
- - - A nunber of peptide antigens which contain am no acid sequences
wi thin the K15 .sequence were prepared by solid-phase nethods, as outlined
in Section Il above. 20 The sequences of five of these peptides,
designated (GH2-) K169, K170, K125, K126, and K128 are shown in Figure
3. The peptides were tested for inmunoreactivity with several HTLV-1 and
HTLV-11 positive sera, by an ELISA nethod, and sone of the peptides were

al so exam ned 25 for their ability to inhibit HTLV-11 antibody binding to
the K15 antigen. The K125 peptide was re g@nlzed by multiple HTLV-11 sera
when assayed by ELISA. I n one experinent out of 12 HTLV-11 sera were
able to bind efficientl to K125, 3

TLV- | Csora boUHEbERt (MRS KEBsY “Ehpe S4aBiaRfory el NARE A b |
t he binding(ﬁnﬁmberOﬁglynbeaaatienHTUééﬂreﬁHED Be 3tgedt.o 25 Western
o oLed GO S, | T PEAU Vi BLehiER bt e el Bkl e
K128. The HTL\¢allypemanteaiki7anig rdosgm z@ﬂ BPont t i1f) emicrograms to
S about 100 milligrams of polypeptide, exclusive of any
carrier to which the polypeptide may be 1linked. If
desired, a series of doses may be admlnlstered over a
period of time for optimum xmmunity. Unit dosage
forms of the vaccine can also be provided, if desired,

10 containing the aforementioned amounts of the polypep-
tide.

In any event, the immunogen contained in a vaccine
or an inoculum is present in an "“effective amount,"
which amount depends upon a variety of factors as is

15 well known in the immunological arts, e.g., the body
weight of the mammal to be immunized, the carrier moi-
ety used, the adjuvant used, the duration of protec-
tion sought, and the desired immunization protocol.

The following examples illustrate various aspects

=20 of the invention, but are in no way intended to limit
the scope thereof.
Materials

The materials used in the following Examples were
as follows:

25 _ Enzymes: DNAase 1 and alkaline phosphatase were
obtained by Boehringer Mannheim Biochemicals (BMB,
Indianapolis, IN); EcoRI, EcoRI methylase, DNA ligase,
and Polymerase I, from New England Biolabs (NEB,
Beverly, MA); and RNase was obtained from Sigma (St.

30 Louis, MO).



5 HTLV-11 sera in an ELI SA based assay, and not recognized by HTLV-1 sera
I n the sane assay. The K169 peptide is not recognized by HTLV-Il sera in
an ELI SA based assay. Data from both the anal ysis of HTLV-I1 reconbi nant
antigens and the synthetic HTLV-11 peptides indicate that 10 t he HTLV-II
specific epitope is contained in the 17 amno acid sequence
Ser-Pro-Pro-Leu-Val - H s- Asp- Ser - Asp-Leu- d u-Hi s-Val -Leu-Thr-Pro-Ser in the
GH2- K15 peptide. Data obtai ned by extensive paneling of the HTLV-1 antigens
MIA-1 and MTIA-4, discussed above, woul d suggest that the 15 6 final am no
acids of GH2-K15, Thr-Ser-Trp-Thr-Thr-Lys, may also contribute to the

epi t ope recogni zed by HTLV-I11 antisera. |IV. HTLV-1 and HTLV-I1 Di agnhostic
Met hods 20 Three basic types of diagwpstic applications of the
HTLV-1 and HTLV-I11 peptide antigens of the invention wll be described.

The first is basedoeher rﬂ‘éé:ljéﬁt)ﬂ otmmlmmxgedbabed;btamed from
ost "Pntn vi Gua REB sy oA St S RER LeFea bRl P RS, SeBbraT °
est individua Wi C

clbnes in the pch@mnn&&ﬁindm¢&bnphnsphﬁue[ﬁBGEBbe dﬁhmam0+ﬂ%¢hlono-3-
anti-HTLV-11 IS |, 5] ¢Si u l e,

by trypan bl ue éye e usﬁ%ﬁg gé§?88¥5%$0 §¥% ﬁé %%%grgégﬂ:%%é§r§%£¥?lClty
of the 30 Sant D—Humgalm¢m9n0gﬁ.dehe m:w) paisrele obtadmesh- Sromt ed
by first reactigg gﬁ serumw th excess HILV-1 or HTLV-11 peptide, then

{

m xi ng the serum 1 cells in the
Example 1

Preparation of an HTLV-I Genomic Library
Source of Genomic Material

10. Bacteriophage containing a full-copy DNA insert
derived from the HTLV-I genome was obtained from Drs.
R.C. Gallo and F. Wong-Staal of the Laboratory of
Tumor Cell Biology, National Institutes of Health
(Bethesda, MD). The bacteriophage was digested to

15 completion with Sacl, releasing the viral genome
insert. The digested material was electrophoresed on
standard 1% agarose gel, and the 9.5 kilobase fragment
obtained by electroelution was extracted - with
phenol/chloroform before ethanol precipitation.

20 The purified genomic DNA was suspended in a
standard digest buffer (0.5M Tris HCl1l, pH 7.5; 1 mg/ml
BSA; 10mM MnCl,) to a concentration of about 1 mg/ml,
and digested with DNRase I at room temperature for
about 5 minutes. These reaction conditions were

25 determined from a prior calibration study,. in which
the incubation time required to produce predominantly
100-300 basepair fragments was determined. The mate-
rial was extracted with phenol/chloroform before
ethanol precipitation.

30 The genomic fragments from above were blunt-ended
with DNA Pol I under standard conditions (Huynh), then



26 presence of conplenment. The presence of HTLV-I or HTLV- |l antibody is

I ndi cated by a substantial decrease in cell lysis. This nmethod is described
in Exanpl e 6A. The nmethod can al so be used to quantitate the anti- 5 body
titer in the analyte serum by titrating the serumw th increasing anmounts
of peptide, and determ ning the peptide concentration where a noticeable
effect on the extent of cell lysis is first observed. The second general
assay type is an enzyne-i nmuno- 10 assay for screening human sera for
HTLV-1 or HTLV-11 infection. In this assay format, a solid phase reagent
havi ng surface-bound HTLV-1 or HTLV-11 gp46 peptide anti- gen is reacted

w th anal yte serum under conditions whi all ow anti body binding to the
peptide on the reagent. After washi ng the reagent to renove unbound

serum conpo- BeRlRcdd? ‘{)eageﬁﬁehaweﬁ%%fﬁﬁh ¥l CPELET iRl with

anti-human anti b enzynmne he reagent_ in pro ortlon to t

anount of bouf&hamol. I—FI'L\';me ahthBGdgﬁQﬂ?Ci hBad@ni@lsuppsr t119a%Re ebgent is
agai n washed, EE@RHG liﬁker@QVeuhaEQUngtﬁﬂﬁb&@ﬂycodﬂﬂiﬁdﬁ%EMMM&H14E1§PZYWE

il oyi ng. an BRe - HORTI Sl ot AU ORERPEn HEED | EEORos it FROTR
detai |l ed Bn Exedinedahtf Arirtker ends. The material was then agarose-
gel-fractionated to remove non-ligated linkers and to
size-select (see below). N
The resultant fragments from the previous step
were analyzed by electrophoresis (5-10V/cm) on 1.2%
10 agarose gel, using X174/HaelIl and /HindIII size
markers. The 100-300 bp fraction was eluted onto NA45
strips (Schleicher and Schuell), which were then
placed into 1.5 ml microtubes with eluting solution (1
M NaCl, 50 mM“arginine, pH 9.0), and incubated at 67°C
15 for 30-60 minutes. The DNA, now in solution, was ex-
tracted with phenol/chloroform and precipitated with
ethanol. The pellet was resuspended in 20 ul TE (0.01
M Tris HCl, pH 7.5, 0.001 M EDTA).
gtll phage vector (Huynh) was obtained from Promega
20 Biotec (Madison, WI). This cloning vector has a unique
EcoRI site 53 base pairs upstream from the B-galactosi-
dase translation termination codon. The genomic frag-
ments from above were introduced into the EcoRI site by
mixing 0.5 ~-1.0 ug'ggQRI-cleaved gtll, 0.5-3 ul'og the
25 above HTLV--I genomic fragments, 0.5 ul 10X 1ligation
buffer (above), 0.5 pl ligase (200 units), and distilled
water to 5 pul. The mixture was incubated overnight at
14°C, followed by in vitro packaging, according to stan-
dard methods (Maniatis, pp. 256-268).
30 The packaged phage were used to infect E. coli,
strain KM392, obtained from Dr. Kevin Moore, DNAX (Palic



di rect HTLV-1 screening assay. The enzyne-| abeled anti- 25 body, and
reagents required for enzyne detection; are also referred to herein as
reporter neans for detecting the presence of human anti body bound to the
pepti de anti- gen on the solid support. The solid surface reagent . in the
above assay is pre- 30 pared by known techniques for attaching protein
material to solid support material, such as polyneric beads, dip sticks,
or filter material. These attachnent nethods 27 general ly include
non-speci fic adsorption of the protein to the support (as in the filter
support described in Exanple 8) or the coval ent attachment of the protein,
typically through a free amne group, to a chemcally 5 reactive group on
the solid support, such as an activated caBBoxyl, hydroxyl, or aldehyde
group. The third general assay type is Western bIot assay for use in
confirm ng HTL\Alltcgr GHLYV- | RliernasiyelyThiE. acehl Soradk Kﬁ@ﬁ@de?"ﬁhi'
addition to ”ﬁx@%‘lﬁ ﬁ%&tléﬁel%meﬁuxge&ﬁethmta&entwme@@oxor

confirmtory V- antigens that are effecti e to detect HTLV-

Jor  HTLV-11 arﬁ37sle9r7a?' C°1}]rF %e“ Qf er ITBH infemked WETEL G
peptides incl udsed Mn@Zﬁhgagepmtann foolrorl{EsV-wene I‘alhed:mt épralicbsa; pX1LE

recombi nant envelo&actosidase activity (clear plaques) in the presence
of X-gal using a standard X-gal substrate plaque assay

. method (Maniatis). Table 2 below shows the number of
recombinant (clear) plaques obtained with insertion of

the EcoRI-ended HTLV--I fragments (row 1). An EcoRI

10 linker control (row 2) and vector alone (row 3) were also
run. As seen, about 50% of the phage plaques showed loss

of enzyme (recombination). The background levels either

in the presence or absence of ECORI linkers were less

than 15%, indicating the successful generation of an

15 HTLV~-1 epitope library. The phage libraries contained

about 10° plaque~forming units (pfu)/ml.

Table 2
Insert Vector Clear/Total $Rec
20
1. Sacl i1
3.25 gl 1pl 100/200 50
2. EcoRl linker
25 3.25 pl 1ul 25/178 14
3. Control 1ul 50/400 . 13

30



15 protein containing a |large portion of the HTLV-1 gp21 envelop protein
(Samuel , 1984, 1985). The p24 |ysate proteins picks up nost, but not al
HTLV-1 and HTLV-11 positive sera. The p2l1E reconbi nant peptide picks up
virtually all HTLV-1 and HTLV-11, but also gives sone 20 fal se positives.
This nodified Western bl ot assay has been reported by the applicant's and
co-workers (Lipka). Details of the blot assay procedure are given in
Exanpl e 8. As has been described, and as is detailed in Exanple 25 8, the
modi fi ed Western blot format picked up all HTLV-1 and HTLV-II positive sera
tested (a panel of 95), as evidence by i mMmunoreaction with viral |ysate

protein p24 and reconbi nant protein p2lE. In addition, the MIA-4 peptide
was i mrunoreactive with confirmed HTLV-1 3fera 30 only. The nodified
bl ot -assay thus can be used to confirm HTLV-] or HTLV-Il antisera, and to

di sti ngui sh 28 the two types of HTEXRWPL€sZpy sel ective i nmunoreaction
with the peptide of the igeeeehiing ForagodbeCodihgdim®att®f the Western

oL e e ke PRRC 85 GALIBRRY Sk FRLEFRRYs opd el 20r0P- °
| ysat e protei t3TEAd #¢BISS)ewathi RuAvided by Dr. Samuel Broder of the
S National Cancer Institute, National Institutes of Health
(Bethesda, MD). Mouse anti-human IgG antibody covalently
derivatized with alkaline phosphatase was obtained from
Promega Biotec (Madison, WI).
A lawn of KM392 cells infected with about 10‘ pfu of
10 the phage stock from Example 1 was prepared on a 150 mm
'plate, and incubated, inverted, for 5-8 hours at 37°C.
The lawn was overlaid with a nitrocellulose sheet,
causing transfer of HTLV-I recombinant protein .from the
rlagques to the paper. The plate and filter were indexed
15 for matching corresponding plate and filter positions.
The filter was washed twice in TBST buffer (10 mM
Tris, pH 8.0, 150 mM NaCl, 0.5% Tween 20), blocked with
AIB (TBST buffer with 1% gelatin), washed again in TBST,
and incubated overnight after addition of .5 monoclonal
20 antibody (diluted to 1-2 ug/ml in AIB, 12-15 ml/plate).
The sheet was washed twice in TBST, then contacted with
enzyme~labeled anti-human antibody, to attach the labeled
antibody at filter sites containing antigen recognized by
the .5 antibody. After a final washing, the filter was
25 developed in a substrate medium containing 33 ul NBT (50
mg/ml stock solution maintained at 5°C) in 5 ml of alka-
line phosphatase buffer (100 mM Tris, 9.5, 100 mM NacCl,
5 mM MgCl,). Reacted substrate appeared at points of an-
tigen production, as recognized by the 0.5¢ Mab.

30 The areas of antigen production determined in <the
previous step were replated at about 100-200 pfu on an 87
mm plate. The above steps, beginning with & 53-8 hnour



protein provide confirmation of HILV-1 or HTLV-11 antisera, as above.
The HTLV-11 specific peptide will pick up HTLV-11, but not HTLV-I
antisera, and thus 10 provi des a positive confirmation of HTLV-11
antisera. The two formats can be conbined to include both HTLV-I and

HTLV-11 specific peptide antigens, to give positive confirmation of either
HTLV antisera. 15 V. Vaccine Conpositions Al so included in the invention
i s a vaccine conposition containing an HILV-I gp46 peptide and a
antigen carrier, such as an i munogenic protein, to which the antigen
peptide i s bound. The peptide contains an 20 | munogeni ¢ regi-on forned

by the above 42- or 47-amno acid overlap of MA-1, MA-4, and MIA-5
pepti des described in Section I, which is iggunoreactive with anti-HTLV-I
.S[err] Mab, i.e., the antibody derived fromATCC cell line HB8755. More

specifically, t mqu&mam% 25thr6@§ﬁam/st:|19 develEBNEnt, wegéorrepza‘atet&e
pepti de sequence, Thr-Al Pro ty ed: Pro-Hi.s

Asp- Hi s- 1| e- Leu-¥& u® F‘?SIS&O gferﬁh]l%bg?é%a neutaPaI tJT%en
anti body, the artagsizhe rafsezbdgtnm;a pephl e s. expdabsed t Fhige Jedentlfled

neutral i zi ng ant'xﬁqﬂk s Mere picked iR GRS AR INIJObERTeR! MR IS Y
I ncl ude the HTLV- pe t|de containing t
5 P- . hree of the recombinant phage plaques which
secreted an antibody-reactive peptide were selected for
sequencing analysis, according to the procedures in
Example 3. The corresponding infected phage has been
designated MTA-4, MTA-1, and MTAS.
10
Example 3
Phage Purification and DNA Extraction
Phages MTA-4, MTA-1, and MTA-5 'were isolated from
the plate cultures of the infected E. coli Y1088 bacte-
15 ria. These cells are available from the ATCC (ATCC
$31195). The phage was collected by addition of phage-
dilution buffer (maniatis) late material was purified
from bacterial debris by low-speed centrifugation, and
the supernatant was poured into SW 27 tubes. RNase and
20 DNAse were each added to a concentration of 1lug/ml each
from stock solutions of 1 mg/ml. The sample was
incubated for 30 minutes at 37°C, and an equal volume of
a polyethylene glycol (PEG), 5.8 g NaCl, 2.0g Mgso¢7HJL
1M Tris Cl, pH 7.5, and 2% gelatin was added,‘ The
25 sample was placed in an ice bath for 1 hour to allow the
phage particles to form a precipitate, which was then
isolated by centrifugation at 10k for about 20 minutes at
4°c.
The supernatant was decanted, and the pellet was re-
30 suspended in 0.6 ml PDB buffer (5.8 g NaCl, 2.0 g
MgSOe7H,0, 50 ml 1M Tris Cl, pH 7.5, and 5 ml 2% gelatin)

and transferred to .5 ml polypropylene microtubes. 5 ul




29 specific imunogenic region formed by the am no acid sequence

Met - Thr - Leu- Leu- Val - Asp- Al a- Pro-d y- Tyr - Asp-

Pro- Leu- Tr p- Phe-11 e- Thr-Ser - @ u- Pro- Thr-d n- Pro- Pro-

Pro- Thr - Ser - Pro- Pro- Leu- Val - H s- Asp- Ser- Asp-Leu-3@ u- 5 ,

Hi s-Val - Leu- Thr - Pro- Ser- Thr - Ser - Tr p- Thr - Thr - Lys, and preferably fornmed
by the am no acid sequence Ser-Pro-

Pro- Leu- Val - Hi s- Asp- Ser - Asp- Leu- d u- Hi s- Val - Leu- Thr -

Pro- Ser - Thr-Ser-Trp-Thr-Thr-Lys, or Ser-Pro-Pro-Leu-

Val - H s- Asp- Ser - Asp- Leu- G u- Hi s-Val - Leu- Thr-Pro-Ser. 10 Particularly -
useful protein carriers for the peptide (s) include keyhole |Iinpet
henmocyanin (KLH), tetanus toxoid, poly-136Lys:d u), peanut agglutinin,
poly-D- |l ysine, diphtheria toxoid, oval bum n, soybean aggl utinin, bovine
serum al bum n (1B8A) $D8umarb spl u. b8 ERIXunand 3n8 mhe AHdteirmse K (20

i mrunogeni ¢ pem‘#ﬂ'ﬁds)wm %@&njﬁﬂﬁt%t&;ﬁﬂﬁs‘?% (ffrlrmﬁh%t\é%r @t Y Rk

known net hods di ng chem cal rivatizatl on an y genetic engineering
t echni ques. Y mdayvute@sohni que is disclosed in 20 nore detail by

Ceral d Quinnan, " Pr cmﬁeddaa&rgéne. \WH k- efibpRe-t Noattdtbematdridl 1. ex-
Uon usually TRASERIECEHER b edhmtLiR il'g%é‘|$y8$svg‘ff%ﬂ%§£e°§%@bﬁ g,
enteric capsul eentxifhiged ag censyre 2Bepagationy, of aghe npRasesspr aWhe and
by other suitafhfedud!t Bha8k a8 NcthhdkefPed tPrad d¥WBEuBA) YHa the
extraction/centrifugation procedure was repeated with a
mixture of chloroform and isoamyl alcohol. An equal
10 volume of isopropanol was added, and the same was inver-
- ted several times to mix, and cooled to =70°C for 20
minutes. The sample was centrifuged for 5 minutes and
the supernatant was decanted. The pellet was washed in
70% ethanol, briefly dried in a 37°C heat block, and re-
15 suspended in 100 pul TE buffer, pH 7.5.
The isolated phage DNA was digested with Xpnl and
Sacl and then combined with KpnI/SacI cut plasmid vector
PGEM-3 (Promega Biotec) to isolate a plasmid recombinant
with the insert of interest. The HTLV-I insert was then
20 sequenced using the standard dideoxy sequencing procedure
and forward and reverse primers for Agtl sequences flank-
ing the EcoRI insertion site.
The figure shows the coding sequence and correspond-
ing amino acid sequence of a portion of the fused protein
25 formed by the above methods, for each of the three fused
peptides examined. A terminal G base of the B-gal gene
and the adjacent CC bases of the env gene contributed by
each of the three insert sequences yield a GCC (Ala)
codon, replacing the Ser codon which normally occurs at
30 that codon position of all three env inserts. As shown.
the insert in the MTA-4 includes a 225 base pair sequence



sui t abl e dose of the pol ypeptide depends, in part, upon the chosen route of
adm ni stration and a nunber of other factors. I ncl uded anong t hose
factors are 30 t he body weight of the mammal to be i mmuni zed, the 30
carrier when used, the adjuvant when used, and the nunber of inoculations
desired to be used. Individual inoculations for a human patient typi- cally
contain unit doses of about 10 mcrogranms to 5 about 100 m I ligranms of
pol ypepti de, exclusive of any carrier to which the polypeptide may be

| i nked. |f desired, a series of doses may be adm ni stered over a period
of time for optimuminunity. Unit dosage forms of the vaccine can al so
be provided, if desired, 10 cont ai ni ng tgg af orenenti oned anounts of the
pol ypep- tide. In any event, the i mmunogen~contained in a vaccine or an

variety of 1 actoreading” rzBh 1idde T8RRI Lq 530" bETEHD HIARER SRl ®
the body wei ghtTediehe nePR@l ingept | efruitheeMTADe PERGE Pegdbns aty base
the adj uvant usggeq} handuratieiisftor Pade 5895, SOUEHY , 2310d Bpday r 8d-
mmni zat i on prgfegel - edised Sl WA R 4 146 A he Yo A BARES S
5 The region of insert overlap, from 5664 to 5790, in-
cludes the 42 amino acid sequence from amino acids 162 to

203 of the native gp46 protein.

. Example 4
10 Isolation of HTLV-1 Peptide Antigens

A. Construction of Lysogens
EcoRI, strain C600, was obtained from Dr. R. Davis,
Stanford University (Stanford, CA). Alternatively, ECoORI
Y1089 (ATCC #37196) can be used. A 1 ml saturated, over-
15 night culture of the cells was infected with one of the
three phages from Example 3 by adsorbing 10 ul of eluted
plaque stock to 50 ul of overnight bacterial culture.
The infected bacteria were spread only LB agar plates
(Maniatis, p. 440) and incubated at 32°C. The individual
20 colonies were picked with sterile toothpicks onto corre-
sponding grids on two separate plates. One of the plates
was incubated at 32°C, and the other at 42°C. Cells that
grevw at the lower temperature (indicating a 1lysogenic
state produced by the presence of the phage repressor
25 protein) but not at the higher temperature (because of
cell lysis) were assumed to be lysogenic. Many lysogenic
colonies from each of the three phage types were found.




20 of the invention, but are in no way intended to limt the scope
thereof. Materials The nmaterials used in the foll ow ng Exanpl es were as

foll ows: 25 Enzynes: DNAase | and al kal i ne phosphat ase were

obt ai ned by Boehringer Mannhei m Bi ochem cals (BMB, |ndianapolis, IN);

EcoRl, EcoRl nethylase, DNA |igase, and Polynmerase |, from New England
Bi ol abs (NEB, Beverly, MA); and RNase was obtained fromSignma (St. 30
Louis, M. 31 O her reagents: EcoRl |inkers were obtained from NEB; and

nitro blue tetrazolium (NBT), 5-brono-4- chloro-3-indolyl phosphate (BClP),
5- brono- 4-chl oro-3- indolyl- -D-gal actopyranoside (X-gal) and isopropyl - 5
D-t hi ogal act opyr anosi de (I1PTG were qghtained from Sigma. Exanple 1
Preparation of an HTLV-1 Genom c Li brary3§ource of Genom c Material 10

genome. was. obPal nRACPRBIREPE. Ant ESELATCT P £Xi PGB0t (he |
Laboratory of This Example ‘describes induction of a recombinant
protein containing the HTLV-I epitope from the Agtill
lysogens prepared in Example 4 with the MTA-4 phage. Aas
5 indicated above, the antigen is producéd in the form of a
-galactosidase fusion protein which also contains an N-

terminal portion of the phage -gal protein.
A superbroth was prepared containing 35 g bacto-
tryptone, 2 g baéto-yeast extract, 5 g NaCl, and 5 ml 1N

10 NaOH in 1 1 dHO. 500 ml of the superbroth were inocula-
ted 1:100 with a saturated overnight culture of the EcoRI
Agtll lysogens prepared in the previous example. The
culture was incubated to -A;, =~0.4-0.5 with vigorous
aeration.

15 In order to maximize protein production, the
temperature of the culture was raised to 43-44°C, thereby
inactivating the temperature-sensitive ~galactosidase
repressor gene. The temperature was maintained at 43°C
with a 65°C water bath for 15 minutes with aeration.

20 IPTG, which induces -galactosidase expression by
competitively binding to the -galactosidase repressor,
was added to the broth to 2 mM to further increase
protein production. The culture was returned to the 38°C
shaker for about an hour. The cells were then pelleted

25 at 6,000 x g for 15 minutes at 37°C, resuspended in iysis
buffer (10 mM Tris, pH 7.4, 2% Triton X-100, 1%
aprotinin, and 50 pg PMSF) and immediately plunged into
liquid N,. Lysis was completed upon thawing of the

frozen samples.
30



Tunmor Cell Biology, National Institutes of Health (Bethesda, MD). The
bact eri ophage was digested to 15 conpletion wth Sacl, releasing the
viral genonme insert. The digested material was el ectrophoresed on
standard 1% agarose gel, and the 9.5 kil obase fragnent obtained by

el ectroel ution was extracted wi t h phenol / chl or of orm bef ore et hanol
precipitation. 20 The purified genomc DNA was suspended in a
standard di gest buffer (0.5M Tris HO, pH 7.5; 1 ng/m BSA;, 10nM MhC [err])
to a concentration of about 1 ng/m, and digested with DNAase | .at room
tenperature for about 5 mnutes: These reaction conditions were 25
determ ned froma prior calibration study,. in which the incubation tine
required to produce predom nantly 100-3003@asepair fragnents was

det er m ned. The mate- rial was_extracted w th phenol/chl orof orm before
et hanol preci pFt atfwri figation of RS RXPYGdynent s. from above were

bl unt -ended W th DMfhéotell undsstet alvtiainled otmli thenprévigus)Exanple wag2
extracted with phenol /chl orofor d py.eci pitat ' t han T
bl unt - ended nabaRYe |‘1’@5‘P%%] ISR P?nﬁ“gr ‘g‘?ﬁﬁsé i qlagr{g‘z}r’dhﬁas

under st
condi tions (Mhaddeds, s 30 3Bixturpenintyested wntilEcSRe t viseasity

5 decreased. The 1lysate was quickly chilled on ice,
clarified t 4°C for 5 minutes in a microfuge, and loaded
onto a 6 ml column of anti- ~galactosidase coupled to
Sepharose 4B (Pharmacia). The column was allowed to
equilibrate 1-2 hour, and washed with 7 volumes (column

10 volumes) of TX buffer (10 mM Tris, pH 8.0, 2% Triton X-
100, 50 pg/ml PMSF), followed by 2 volumes of 5SmM 3,5~
diiodosalicylic acid in TX buffer. Fusion protein was
then eluted from the «column with 35 wmM 3,5-
diiodosalicylic® acid in TX buffer. The majority of

15 protein was eluted in the first 3-4 volumes, and removal
was substantially complete after 7 volumes.

The eluted samples were desalted and concentrated
using Amicon filters (Danvers, MA).

20 Example 5
Preparing HTLV-II Antigens

A. Synthesis and Cloning of HTLV-II DNA Sequences
The polymerase chain reaction (PCR) procedure was
used to generate HTLV-II DNA sequences for cloning. Six
25 30 bp DNA primers were synthesized. All 6 primers:-had 3
bp of gtll sequence followed by an EcoR I site at their
5’ ends. This was followed by 21 bp of HTLV-II
sequences. The 3 forward direction primers contained
HTLV-II sequences corresponding to nucleotides 5648 -
- 30 5668, 5687 - 5707, and 5726 - 5745. The 3 reverse

direction primers contained HTLV-II sequences




5 redundant |inker ends. The material was then agarose- gel-fractionated
to renove non-ligated linkers and to size-select (see below). The resultant
fragments fromthe previous step were anal yzed by el ectrophoresis
(5-10V/i.cm on 1.2% 10 agarose gel, using X174/ Hael Il and._. /Hi ndll
size markers. The 100-300 bp fractlon was el uted onto NA45 strlps )
(Schl ei cher and Schuell), which were then placed into 1.5 ni
mcrotubes with eluting solution (1 MNad, 50 nMarginine, pH9.0), and

i ncubated at 67[err]C 15 for 30-60 m nutes. The DNA, now in solution,
was ex- tracted with phenol/chloroformand precipitated wth et hanol . The
pell et was resuspended in 20 [err]l TE (0.01 MTris Hd, pH 7.5, 0.001 M
EDTA). gtl1ll phage vector (Huynh) was obt @dbhed froanronega 20 Bi ot ec
(Madi son, W). This cloning vector has a unigue EcoRl site 53 base pairs
upst r eam f romddm:e[sam]digal &t oguclelotides a®Jv4t ionS7éfni PAt7ion™ codes:

The genom c fr t S. 5he®, above were |ntroduced |nto the EcoRl site by
m xing 0.5 1 err g ECoORI-cl eaved, gtl |,

above
HTLV--1 genomic n¥ats Pexfarnes ]af:ci:é-glnpl g'é{’ enuf"iaé‘r l}%c% 0.5
[err]l ligase i(r?éiﬁ'uwjlom)s (am:himtmtmemmm) it oarB:l[ell] PCR Teactiionsr e
was i.ncubagt ed Over b VhET |
e ort no 8 o SO, 2 nd BF el andve WPLV DY bhle Yok LoiBikEe! Bhg 1

packaged phagenmwuﬁeUMse@PPGOPwﬂe&E ECR EQﬂmer§braPﬁRKﬁE@2 ﬂﬁﬂﬁ%ﬁﬂ@d“@ﬁom
Dr. Kevin Morg N dftalfor 25 cycles. Each cycle involved template

denaturation for 1 minute at 94 deg.C, annealing of
primer to template for 2 minutes at 50 degC, followed by
10 primer extension for 2 minutes at 72 ged.C. Afterwards
the amplified DNA was purified and then digested to
completion with ECORI. The digested DNAs were then
ligated into the EcoRI site of lambda gtll. The
recombinant phage DNAs were then packaged and the
15 frequency of non-recombinant phage was determined by
plating in the presence of 5-bromo-4-chloro-3-indolyl
A-D-galactopyranoside.
The ratio of recombinant to non-recombinant phage
was about 50/1. Multiple isolated plaques from each of
20 the 6 recombinant phage clones were picked and
subsequently screened using PCR with lambda gtll flanking
primers 11F and 11R, and/or the HTLV-II plaques described
above. Clones containing correctly sized and orientated
inserts were then amplified and used 1in subsequent
25 immunoscreening assays. The EcoR I ragment from* 3 of
the clones GH2-K15, GH2-K16 and GH2-K35 were subsequently
subcloned into the pGEX-1 plasmid and DNA sequenced. The
sequences obtained perfectly matched the reported
sequence for the desired region of HTLV-II (Shimotokno).
30 B. Immunological Analysis of HTLV-II Clones
Recombinant phage was mixed 1/1 with wild type gtll
and used to infect E. coli strain KM-392. After allowing



33 Alto, CA. Alternatively, E. coli strain Y1090, avail- able fromthe
Anerican Type Culture Collection (ATCC'#37197), could be used. The

i nfected bacteria were pla- ted and the resultant col onies were checked for
| oss of 5 [err]-gal actosidase activity (clear plaques) in the presence
of X-gal using a standard X-gal substrate plaque assay nethod (Maniatis).
Tabl e 2 bel ow shows the nunber of reconbinant (clear) plaques obtained with
i nsertion of the EcoRI-ended HTLV--1 fragnents (row 1). An EcoRI 10

l'i nker control (row 2) and vector alone (row 3) were also run. As seen,
about 50% of the phage pl aques showed | oss of enzyne (reconbination). The
background |l evels either in the presence or absence of EcoRl |inkers were
less than 15% indicating the successful gggeration of an 15 HTLV- |
epitope library. The phage libraries contai ned about 10[err]

pl aque- form’KJ&KéagpﬁaéukﬁﬂgréﬁbkérzJsﬁﬁ%ﬁrs expressedV@QbQElns were
Cl ear/ Tot al

: sacl L a err Filters 1 err]I
100/ 200 boupd sto nitgegeiipjeseofilters oyesy F@Fr]l W
1[err]l subse@MritAyy washed 3X4with TBS (0.5 M NaCl, 20 mM Tris

Ph 8.0), cut into sections, and blocked using TBS plus 1%
5 Gelatin. Filter sections were then incubated overnight
with 1st stage antibody, usually sera <from HTLV-I or
HTLV-ITI infected individuals diluted 1/100 in TBS plus
gelatin. After washing with TBS, the filters were
incubated with alkaline phosphatase conjugated goat anti
10 . human sera for at least 1 hour. The filters were washed
with TBS and bound antibody was then detected by
incubating the filters in a solution of nitroblue
tetrazolium chloride and S-bromo-4-chloro
3-indolylphosphate. A particular sera was scored as
15 positive if plaques derived from the recombinant phage
could clearly be distinguished from plagues of wild type
gtll.

C. Expression and Purification of Recombinant Antigen
20 B-galactosidase fusion proteins were expressed by first
generating lysogens. Recombinant gtll phage was used to
infect 'E. coli strain BNN103, and 1lysogens were
identified by growing duplicate plates at 32°C and 42°C.
The production of fusion protein was induced by raising
25 the temperature of a log phase culture of lysogen to 42°C
for 15 minutes. Isopropyl thiogalactoside was then added
to a final concentration of 1.6 Mm and the cultures were
grown for an additional 1 hour at 37°C. Cells were then
pelleted by centrifugation at 5000 x g for 15 minutes and
30 resuspended in 1/50th original culture volume of lysis
buffer (2% Triton X-100, 1% Aprotinin, 10 mM Tris, pH
7.4). The solution was then frozen by immersion in a dry



3. Cont r ol lerr]l 50/ 400 13 30 34
Exanpl e 2 Screening for gp46 Coding Inserts Purified .5 anti body derived
froma human cell line (ATCC #C8755) was provided by Dr. Sanuel Broder of
the 5 National -Cancer Institute, National Institutes of Health (Bethesda,
MD). Mouse anti-human 1gG anti-body co alently derivatized with al kaline
phosphat ase was obtai ned from Pronmega Bi otec (Madison, W). A |lawn of KM392
cells infected with about 10[err] pfu of 10 t he phage stock from Exanpl e
1 was prepared on a 150 mm pl ate, and incubated, inverted, for 5-8 hours at
37[err]C. The lawn was overlaid with a nitrocellul ose sheet, causing
transfer of HTLV-I reconbinant protein fromthe plaques to the paper. The
plate and filter were indexed 15 for mat ¢hi ng correspondi ng pl ate and

e i O
gel atin), washed &ipak ¢onamgiratiaeh ok ubavedndyvand; ghe disateawaist itdvenof
.5 nonocl onal  2(hcuriitddOgyr (91 hdbBdekO sk 2rd&h ' LanBbratufeB Irsbiubie
miplate). The Shoels Woads YEROS it S€ed by oot -1 Elgelsa°hE 18, bBo & o
5 for 10 minutes. The supernatant was then-centrifuged as
before. sodium dodecyl sulfate-polﬁacrylgmide gel
electrophoresis (SDS-PAGE, Lammeli) analysis of aliquots
of the pellet and supernatant fractions indicated that
GH2-K15 was found primarily in the supernatant fraction.
10 The supernatant fraction was then combined with 2
mls of Protosorb LacZz adsorbent (Promega) and incubated
for 2 hours at 25°C with agitation. The column resin was
then poured-into a disposable column and washed with 2X
with 10 mls of TX buffer (1% Aprotinin, 10 mM Tris pH
15  7.4). Bound protein was eluted 14 mls of pH 10.8
carbonate buffer and 2 ml fractions were collected into
tubes alr.ea'dy- containing 1 ml of 2 M tris buffer (pH
7.5). Fractions were then concentrated using Centricon
30s (amicon) following manufacturers instructions. The
20 fractions were washed with 2 mls of MTBS buffer (150 mM
NaCl, 4 mM NaH2PO4,- 16 mM Na2HPO4, pH 7.3) and then
concentrated again.
The location, yield and purity of the purified
fusion protein was determined using SDS-PAGE. After one
25 pass through the immunoaffinity column GH2-K15
recombinant antigen was ~70 % pure. Fractions containing
fusion protein were pooled and aliquots of the pool weré

used in subsequent western blot experiments. Western
blot analysis was performed essentially as described
30 previously (Lipka). Titration experiments determined

that the optimum loading of purified GH2-K15 antigen was
3 ung protein/cm nitrocellulose. Peptide competition




enzymne- | abel ed anti-human anti body, to attach the | abel ed anti body at

filter sites containing antigen recognized by the .5 anti body. After a
final washing, the filter was 25 devel oped in a substrate nedi um
containing 33 [err]l NBT (50 ng/m stock solution maintained at 5[err]C) in
5 m of alka- |ine phosphatase buffer (100 M Tris, 9.5, 100 MM NaCl, 5 nM
MyCl [err]). Reacted substrate appeared at points of an- tigen production,

as recogni zed by the 0.5[err] Mab. 30 The areas of antigen
production determ ned in the previous step were replated at about 100-200
pfu on an 82 mm pl at e. The above steps, beginning with a 5-8 hour 35

I ncubation, through NBT/BCI P devel opnent, were repeated in order to

i dentify plaques which secreted an anti geng4gapable of reacting with the .5
Mab. The identified plagues were picked and el uted in phage buffer

(Mani atis, 5 @xpéfrﬁﬂlents Thfeedebcthbeaemmﬁmmepm.e pNatresetbuLbse
secreted an ant|€ dg?rgsﬁégxglﬂ pghggtggr n%ilﬁﬁt ﬁﬁﬂ“ﬁﬁﬁé&mko the
anal ysis, accor procedures ;? e correspondi ng

i nf ect ed phage sesumecsamples gard cin mmhatad J¢e¥§kPRﬁ¢E?SJEP¥9%hp 3

Phage Purificatphon gt Dy £xéfFacCtion

5 ’ Sera samples were obtained from HTLV-1, HTLV-II, or
ELISA reactive = HTLV negative individuals. These

- samples were from multiple different -sources and
geographic areas. Many of the seropositive sera samples

were also typed for HTLV-I or HTLV-II infection using PCR

10 with strain specific DNA primers. . HTLV-I sera samples
included 58 PCR proven samples consisting of 45 samples

from Jamaican food handlers, 2 intravenous drug users
(IVDU) from the New Orleans area, and 11 northern
California blood donors. In addition a total of 238

15 HTLV-I sera samples were obtained from Japan. For the
Japanese samples PCR data was unavailable and the
infection was typed by western blot analysis of the sera
samples against HTLV-I antigens using ©previously
described criteria (Lipka et al. JID).  HTLV-II sera

20 samples included 57 PCR proven samples consisting of 6
IVDU from the New Orleans area, 24 IVDU from the northern
California area, and 27 blood donors from the northern
California area. HTLV negative sera included 1 Jamaican

food handler, 15 California blood donors, and 29 samples

25 from Japan. PCR analysis of serum samples was performed
as described (Lipka).

Example 6 °
Detecting Peptide Antigen Immunoreactivity
30 A. Inhibition of Cell Lysis




Phages MIA-4, MIA-1, and MIA-5 were isolated fromthe plate cultures of
the infected E. coli Y1088 bacte- 15 ria. These cells are avail able
fromthe ATCC (ATCC #31195). The phage was col |l ected by addition of
phage- dilution buffer (maniatis) late material was purified from bacteri al
debris by low speed centrifugation, and the supernatant was- poured into SW
27 tubes. RNase and 20 DNAse were each added to a concentration of
|[err]g/m each from stock solutions of 1 ng/m. The sanple was

i ncubated for 30 mnutes at 37[err]C, and an equal volune of a polyethyl ene
glycol (PEG, 5.8 g Nad, 2.0g.MgSOerr].7Herr]O 1M Tris d,- pH 7.5, -
and 2% gel ati n was added. The 25 sanple was placed in an ice bath for 1
hour to allow the phage particles to form4a precipitate, which was then

i sol ated by centrifugation at 10k for . about 20 m nutes at 4[err]C. The
super nat ant was decl¥T eti02aPRd cedlpemese obtaimed3Fromsi¥pedddd Galln,6 ni

PDB buffer (S.fcs, Nafdw, ks’ 9:.?!959 i'd&:%f—'i:]egm éﬁﬂﬂréd\/' fregrd JbFH‘é7 >,

and 5 mM 2%gel ati n) and transferred pol ypropyl ene m crotu

[err]l 36 1fRAEpLo Proquse (HTkV '5$v1 ED;I'A and 2.5 [err]| proteinase K (20
mg/m) were added; 256 bheibadp! ee-S\aig/mIICUGE) edmata5epntrbC fi¥othped

m nutes. 5 matched human IgG was preincubated with MTA-4 recombinant
peptide or irrelevant recombinant for 30 minu.t_e’_g at room
temperature., S50 pul of these mixtures was then added to
5x10° HUT 02B2 cells in 96-well micro titer plates, and
incubated for 30 minutes at room temperature. 30 ul of

10 rabbit complement per well was -added, and incubated 1
hour at 37°C. Cell viability was determined by
microscopic examination. Cell 1lysis was +visibly
inhibited by addition of the MTA-4 peptide antigen, but
not by preincubation with irrelevant recombinant peptide

15 antigen. 1Isotyped matched human IgG, after preincubation
with either recombinant antigen or irrelevant recombinant
peptide antigen, had no effect on HUT 102-B2 viability.
B. ELISA Assay .

HTLV-I and HTLV-I]I peptides were examined in an

20 ELISR assay to determine the ability of sera from HTLV
infected individuals to bind to the synthetic peptides
described above. Briefly, the ELISA assay involved
binding a fixed amount of synthetic peptide to a
microtiter plate, followed by the addition of sera from a

25 HTLV infected individual. Unbound sera was then washed
away and antibody bound to the peptide was detected by a
2nd antibody. The 2nd antibody is conjugated to an
enzyme that converts a colorless siubstrate to a colored

product. The amount of colored product produced
30 indicates the amount of serum antibody which bound the
peptide. The signal obtained from a particular sera

against bound peptide was subtracted from the signal




The detergent and enzyne-treated material was ex- 5 tracted wth an equal
vol unme of phenol/chloroform and centrifuged to ensure separation of the
phases. The aqueous phase was transferred to a new tube, and the
extraction/centrifugati on procedure was repeated with a m xture of

chl orof orm and i soanyl al cohol. An equal 10 vol une of i sopropanol _was
added, and the sane was inver- ted several tines to mx, and cooled to
-70[err] C for 20 m nutes. The sanple was centrifuged for 5 mnutes and

t he supernatant was decanted. The pellet was washed in 70% et hanol ,
briefly dried in a 37C heat block, and re- 15 suspended in 100-[err]| TE
buffer, pH 7.5. The isol ated phage DNA was digested with Kpnl and Sacl and
then conbined with Kpnl/Sacl cut plasmd vggtor pGEM3 (Pronega Biotec) to
isolate a plasm d reconbinant with the insert of interest. The HTLV-I

i nsert was therbn’&&m&ecgﬁnead el ¥ £i°anShamiﬂr1d ﬂimoxmaewencdmam

d df d f.l ank-
The EcoRl | nserbTbnPEPELSeThe ThguveLER a RISk AEC Shq TUREs SERdoR Of

correspond- i ngtheni ndnusi dpeptide c backgxopod: i had ofta hbef & pimesi rtins
for rred_ by the @&4@{@;&@%1 éthcP%éh Undildeddd %sfiqﬁ% pepti des exam ned.
ase o

Aterminal Gb [err]-gal gene and the &adjacent CC bases of the
env gene contri buted by each of the three insert sequences yield a GCC

(Al'a) codon, reap] acAngibddy SEindianpInMikdtiver mal |y occurs at 30  that
codon position of al'i‘hé hiﬁﬁib?ﬂ!o}xnsaesgﬁf iﬁ@ofb&&mthe incubation of a
large excess of. a synthetic peptidé with sera from an
HTLV infected individual prior to placing a strip of
10 nitrocellulose which contains a HTLV-I or HTLV~II recom-
binant antigen blotted on to it. If the sera can bind to
the peptide, the vast excess of peptide in solution with
the antibody will prevent significant binding of the an-
tibody to the relatively small amount of antigen present
15 on the nitrocellulose strip. The amount of antibody
bound - to the recombinant antigen on the nitrocellulose
strip is determined using an enzyme conjugated second an-
tibody in a manner analogous to that described above for
the ELISA assay. Control experiments involved incubating
20 HTLV-I sera with the HTLV-I1 peptide K125 or HTLV-1II sera
with an HTLV-I peptide, and then determining the ability

of the sera to recognize the appropriate recombinant an-
tigen.

25 Example 7

EIA Assa
Purified MTA-4 peptide antigen was prepared as in

Example 4, and dot blotted on nitrocellulose filters,
which were then used in a solid-phase assay for
30 determination of serum antibodies in patients with T-cell
leukemia (6 patients with HTLV-I infection). In each
case, 0.1 ml of various serum dilutions, ranging from



the insert in the MIA-4 includes a 225 base pair sequence 37 extending
from base 5564 to 5790 of the HILV-1 coding region. The insert of the
MIA5 phage begins at base 5664, and extends to base 5895. The 231
basepair se- quence covers am no acids 162 to 240 of the gp46 protein. 5
The region of insert overlap, from5664 to 5790, in- cludes the 42 am no
aci d sequence fromamno acids 162 to 203 of the native gp46 protein.
Exanpl e 4 10 | sol ation of HTLV-1 Peptide Antigens A
Construction of Lysogens EcoRl, strain C600, was obtained fromDr. R

Davis, Stanford University (Stanford, CA). Alternatively, EcoRI Y1089 (ATCC
#37196) can be used. A1 m saturated, over- 15 night culture of the

cells was infected with one of the three $fhages from Exanpl e 3 by adsorbi ng
10 [err]l of eluted plaque stock to 50 [err]l of overnight bacterial
culture. The iinflédt emb b?a::i@.r@@ﬂ.\/\efeot&mlwdtm yingivigual| v@esadiemi e s,

p. 440) and 'Bcﬁtéﬁaffﬁtéé 3hd yiﬁoh bdli%lstZQat £8bRNEEfpaLELL e CkEE Wi th

sterile tooth s onto corre- |ng ds on tw&@se aratelglate

of the plates Ismipee®nt ed The 3 Jefr?’i oy %thFﬂe" WO el meS, T"itphat
grew at the | cogST t PAPEERt WEXaMplad c2)k, ngnd |iysndratied with anti-human

S antibody - conjugated with alkaline phosphatase, as in
Example 2. The presence of antibody was detgﬁgined by -
_color development in NBT and BCIP, also as in Example 2.

Example 8
10 Modified Western Blot for Confirming HTLV-I Positive Sera

Recombinant MTA-1 was prepared as in Example 4.
Recombinant p21E was prepared as described previously
(Samuel, 1984, 1985). HTLV-II viral lysate was prepared
from chronically infected cell 1line MT-2 (Hillcrest

15 Biologicals, Cypress, CA).- These HTLV-I antigens were
combined and then separated under reducing conditions on
a 11.5% acrylamide SDS/PAGE gel (Laemmli). The resolved
proteins were electroblotted onto a nitrocellulose (onto
a nitrocellulose membrane blocked with blotto (5% nonfat

20 dry milk, 2.5% normal goat serum in 100 mM Tris-HCl, pH
7.4), air dried, and cut into 3 mm wide strips.

In the assay, the test strips from above were first
rehydrated in TBS buffer, and the strips were incubated
overnight with human test sera, diluted 1:50 in blotto.

25 The strips were washed several times with wash buffer,
then incubated for . one hour with goat anti-human IgG
conjugated to alkaline phosphatase (Bio-Rad, Richmond,
ca). After washing, color development was achieved by
incubating the strips in a substrate solution containing

30 S5-bromo-4-chloro-3-indolyl phosphate and nitroblue
tetrazolium in 100 mM Tris-HCl buffer, pH 9.5, 50 mM
MgCl,. Color development was continued until a uniform




state produced by the presence of the phage repressor 25 protein) but not

at the higher tenperature (because of cell lysis) were assuned to be
| ysogeni c. Many |ysogenic colonies fromeach of the three phage types were
f ound. 38 B. Reconbi nant Antigen Induction fromLysogens This Exanpl e

descri bes inducti®dn of a reconbi nant protein containing the HILV-1 epitope
fromthe [err]gtll |ysogens prepared in Exanple 4 with the MIA-4 phage. As
5 i ndi cated above, the antigen is produced in the formof a

-gal act osi dase fusion protein which also contains an N- term nal portion of
the phage -gal protein. A superbroth was prepared containing 35 g bacto-
tryptone, 2 g bacto-yeast extract, 5 g NaCl, and 5 mM 1IN 10 NaOHin 1 1
dHO. 500 m of the superbroth were inocula-g4ed 1:100 with a saturated
overnight culture of the EcoRl [err]gtll |ysogens prepared in the previous

exanple.  The g Ictk%&%un\ﬁasde{,gfeﬁéae%n t @rl e@drip[ eahli0- dad- haWdd p

Vi gor ous aer ation maximze FI’ otein I’OdUCtI n,

der
the tenperat ur e TdNSARG &ther SEE1RAs tHY §éﬂe§owé§h4gfe119 Eze?hE?E
inactivating the t@nppaselr &fSERTLV-IE or - GHILVIISI 8 asﬁtmaresem

The tenper at ure s Rl nbgied gk S Pravichbi} LdnEihisa ale ¥ LY

15 mnutes with
5 HTLV-II positive by PCR analysis (Lipka). The results

are shown in Figure 6, where panels A~G are HTLV-I

antisera, and panels H-S are HTLV-2 antisera. Viral

lysate protein gp24 was immunoreactive with every serum

sample, as was the recombinant peptide gp2lE. MTA-4 was
10 immunoreactive with HTLV-I serum samples only.

While the invention has been described with refer-
ence to particular embodiments, methods of construction,
and uses, it will be clear to those in the are that
various other uses, formulations, and methods of practice

15 are within the contemplation of the present invention.



20 IPTG which induces -galactosidase expr essi on ,IMHWIIU"MH'K
bi nding to the -gal actosidase repressor, was added to thel

further increase protein production. The culture was returnéed To't

38[err] C shaker for about an.hour. The cells were then pelleted 25 at

6,000 x g for 15 minutes at 37C, resuspended in lysis buffer “(1G7m Tris,

pH 7. 4, 2% Triton X-100, 1% aprotinin, and 50 [err]g PMSF) and
i mmedi ately plunged into liquid Nerr]. Lysi s was conpl eted upon thaw ng
of the frozen sanples. 30 39 C. Purification of Fusion Protein The cell

| ysate obtained in the previous Exanple was thawed and warnmed to 37[err]C.
10 [err]| DNAse (1 [err]g/m) was added, and the m xture incubated until

the viscosity 5 decr eased. The |lysa4® was quickly chilled on ice,
clarified t 4[err]Cfor 5 mnutes in a mcrofuge, and | oaded onto a 6 m
colum of antilT -HalG&ldEdase coupl ed to Sepharose 4B (Pharnmcia). The
colum was allowed to equilibrate 1-2 hour, and washed with 7 vol urres
(colum 10 vol urres) of TX bu fer 10 nmM Tr | s H 810 %%TH}) 00,
50 [err]g/m PNBF),Lf ol oRERCHYE 228 +IER CBFPELTT AR s1e85; ERRL. |c aci d

in TX buffer. amfnsi apidsotderiveds from HTLV-I envelope protein gp4e,
5 ~said antigen including the immunogenic region formed by
the amino acid sequence Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-
Tyr-Asp-Pro-Ile-Trp-Phe—Leu-Asn-Thr-Glu-Pro—Ser—Gln-—Leu-
Pro-P:o-Thr-Ala-Pro-Pro-_-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-
His-Ile-I;eu-Giu-éro-Ser which is immunoreactive with
10 anti-HTLV-I monoclonal antibody derived from ATCC cell

line HB87S55.

2. The antigen'of claim 1, wherein the immunogenic

region is formed by the amino acid sequence which

15 additionally includes the amino acid sequence Ile-Pro-

Trp-Lys-Ser-Lys extending from the Ser terminus of the
claim 1 sequence.

3. The antigen of claim 1, wherein the immunogenic
20 region is formed by the amino acid sequence Thr-Ala-Pro-
Pro-Leu~Leu~-Pro~His-Ser-Asn-Leu-Asp-His-Ile~Leu-Glu-Pro-

Ser.

4. A kit for detecting the presence of HTLV-I
25 infection in a human serum, comprising - ' )

a solid support with an immobilized gp46 peptide an-
tigen comprising less than about 77 amino acids derived
from HTLV-I envelope protein gp46, said antigen including
the immunogenic region formed by the amino acid sequence

30 Ser~Leu-~Leu-Val-Asp~Ala-Pro~Gly-Tyr-Asp-Pro-Ile-Trp-Phe-
Leu~Asn~Thr-Glu-Pro-Ser~Gln~Leu~Pro-Pro-Thr-Ala~Pro-Pro-
Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-His-Ile~Leu-Glu-Pro-Ser

_—
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then eluted from the colum wth 35 nmM 3,5- m
acid in TX buffer. The majority of 15 protein was el am“tlm““ﬂm"l
first 3-4 volunmes, and renoval was substantially conplete afterc

The el uted sanpl es were desalted and concentrated using Amcon filters

(Danvers, Md). 20 Exanpl e 5 Preparing HTLV-I
Antigens A Synthesis and C oning of HTLV-11 DNA Sequences The pol ynerase
chain reaction (PCR) procedure was used to generate HTLV-11 DNA sequences

for cloning. Six 25 30 bp DNA priners were synthesized. Al 6 priners
had 3 bp of gtll sequence followed by an EcoR | site at their 5 ends.
This was followed by 21 bp of HILV-II sequences. The 3 forward
direction priners contained HTLV-11 sequemges correspondi ng to nucl eoti des
5648 - 30 5668, 5687 - 5707, and 5726 - 5745. The 3 reverse

direction  pwhii€hsis iﬁﬁﬁhakéadtivekﬁlﬁhlhnt;—ﬂﬁﬁﬁemcmenocldﬂal anti-
cOr SSPON: 10 2 Skt R BAT Ao Tk, ik uBI3Ys, B *E8fetxil0a PR
El mer/ Cetus), tadprexmiRCRsexumt aptdbsdiesortai neatackg Wéﬁ'—ht Heh&bBSRt ey
clone as tenpl ghei88f, lwhen such serum is applied to the solid support,
5 and
reporter means for detecting the presence of human
antibodies bound to said support.

5. The kit of claim 4, wherein the gp46 antigen’s

10 immunogenic region additionally includes the amino acid

sequence Ile~Pro-Trp-Lys-Ser-Lys extending from the Ser
terminus of the claim 1 sequence.

.6. The kit of claim 4, wherein the immunogenic
15 region is formed by the amino acid sequence Thr-Ala-Pro-
Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-His-Ile-Leu-Glu-Pro-

Ser.

7. The kit of claim 4, for confirming the presence

20 of such HT1V-1 infection, wherein said solid support
includes a strip having said gp46 peptide antigen
immobilized at one position on the strip, and one or more
viral antigens effective to positively confirm all HTLV-I

and HTLV-II posxtlve sera, immobilized at one or more

25 positions on the strip spaced apart from the position of
the gp46 antigen.

8. The kit of claim 4, which further includes an
HTLV-II specific antigen capable of reacting specifically
30 with antibodies from HTLV-II positive sera.
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[err]Mof the appropriate PCR priners. PCR anplification was '
for 25 cycles. Each cycle involved tenplate denaturation for jwl mmimwml”“l
deg. C, annealing of priner to tenplate for 2 minutes at 50 deg wed s =
by 10 primer extension for 2 mnutes at 72 ged.C. Afterwards the .
anplified DNA was purified and then digested to conpletion with EcoRl .

The digested DNAs were then ligated into the EcoRl site of |anbda

gt 11. The reconbi nant phage DNAs were then packaged and the 15

frequency of non-reconbi nant phage was determ ned by plating.in the

presence of 5-brono-4-chloro-3-indolyl [err]-Dgal actopyranoside. The ratio

of reconbi nant to non-reconbi nant phage & about 50/1. Multiple isolated

pl aques from each of 20 the 6 reconbinant phage clones were picked

and subsequent | 05 eenpe Ul 1% PO i ) Aie ot Yond vt ippdiare oL 1P

and 11R, and/or the HT ues escrl bed above. C ones containi ng
correctly si zeﬂeaﬁﬁd%rliliﬁt%?eﬁn' SEF t PSR G HAPURRESH R e,
subsequent 25 pyi AReNOEBiHENaRYdasERRNCe Tmet-EnuR-Leanwal-mmma}f the

cl ones GH2- K15 3 gl %.é%ﬁl

p GEX- i pl asm dPﬁ%@bﬁA@ggaggg_‘gag ?ﬁe sgaﬁgﬁggg&ggg% QAQ%ect I K/

mat ched t Be Gépo?!:edPseqﬁ@ﬁc@hroSthBreegrpeéePeyaéﬁﬂ#SﬂWﬁqr" sp-
(Shi mot 0kno) .  BEy-GRa-H 1 STVEDL 06 OB r A1 685 Thr SB2Trp-GheranrRegenbi nant

phage was mxed 1/1 with wild type gtll and used to infect E. .coli strain
KM 392. After allow ng

10. The kit of claim 9, wherein the HTLV-II

specific peptide immunogenic region 1s <formed Dby the

10 amino acid sequence Ser-Pro-Pro-Leu-Val-His-Asp-Ser-Asp-
Leu-Glu-His-Val~Leu-Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-Lys.

11. The kit of claim 9, wherein the HTLV-II

specific peptide immunogenic region is formed by the

15 amino acid sequence Ser-Pro-Pro-Leu-Val-His-Asp—Ser-Asp-
Leu-Glu-—His -Val-Leu-Thr-Pro-Ser.

12. A method of detecting HTLV-I positive human
sera comprising '
20 reacting the sera with a peptide antigen which is
immunoreéctife with anti-HTLV-1 monoclonal antibody
derived from ATCC cell line HBB755, and
detecting the presence of human antibody bound to
the peptide.
25 ' .
13. The method of claim 12, wherein the peptide
contains is less than about 77 amino acids derived from
HTLV-I envelope protein gp46, and includes the im-
munogenic region formed by the amino acid sequence Ser-
30 Leu-~Leu-Val-Asp~Ala-Pro-Gly-Tyr-Asp~Pro-Ile~Trp-Phe-Leu-
Asn~Thr-Glu-Pro-Ser-Gln-Leuv-Pro-Pro-Thr-Ala-Pro-Pro-Leu-

_—
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nitrocellulose filters overnight. Filters were subsequently wa

41 the phage to grow for -5 hours expressed proteins were bouna ﬂ“m “I l
TBS (0.5 MNad, 20 MM Tris Ph 8.0), cut into sections, and bl o!, et!:I I“ ”lls”“!|

usi ng
TBS plus 1% 5 CGel ati n. Filter sections were then incubated overnight

wi th 1st stage antibody, usually sera from HILV-1 or HTLV-11 infected.

I ndividuals diluted 1/100 in TBS plus gel atin. After washing with TBS,

the filters were incubated with al kaline phosphatase conjugated goat anti
10 human sera for at least 1 hour. The filters were washed with TBS and
bound anti body was then detected by incubating the filters in a solution of
nitroblue tetrazolium chl ori de and 5- brono-4-chl oro

3-i ndol yl phosphat e. A particular sera wab scored as 15 positive if
pl aques derived fromthe reconbi nant phage could clearly be distinguished
from pl aques of Leiui~®royid sptSer-Asn-Leyghspsi bs-bhePepTFiesPronSsr —Ile-
Reconbi nant Ant pgenred-1yB-8akagyasi dase fusion proteins were expressed by
first generating |ysogenS. Reconbinant gtll phage was used to infect E.

coli strain BNN103, and |ysogens were identified byﬁgromﬁng duplicate
plates at 32[err] C and.42[ & rhethdde ofr gpoeducingf af BERHLER otf&In Wee in

I nduced by @@ishggecting HTLV-I positive human sera comprising

(1) generating a mixture of random-sequence
polynucleotides of the form: (N,N)N,)., where N)N,N,
represent different trinucleotide codons corresponding to
substantially each natural L-amino acid, and m is 5-10,

10 (1i) forming a library of random-sequence vectors by
' inserting the polynucleotides into a vector capable of
expressing the inserted sequence;

(11i) manipulating the 1library vectors to express
the random-sequence polynucleotides as random amino acid

15 sequences,

(iv) screening the library vectors for the presence
of an amino acid sequence which is immunoreactive with
anti-HTLV~I monoclonal antibody derived from ATCC cell
line HB8755,

20 (v) isolating a library vector which expresses such
an immunoreactive amino acid sequence; and

(vi) producing the polypeptide encoded by .the
inserted sequence in the isolated vector.

25 15. A peptide antigen comprising less than about 50
amino acids derived from HTLV-II envelope protein gp46,
said antigen including the immunogenic region formed by
the amino acid sequence Met-Thr-Leu-Leu-Val-Asp-Ala~Pro-
Gly-Tyr-Asp-Pro-Leu-Trp-Phe-Ile-Thr-Ser-Glu-Pro-Thr-Gln-

30 Pro~Pro-Pro-Thr-Ser-Pro-Pro-Leu-~Val-His-Asp-Ser-Asp-Leu-
Glu~His-Val-Leu-Thr-Pro-Ser-Thr-Ser~Trp-Thr-Thr-Lys.
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25 the tenperature of a | og phase culture of |ysogen to 42] “aul I“Lﬂm”“l :
m nutes. |sopropyl thiogal actoside was then added to a final Em ‘m

of 1.6 Mmand the cultures were grown for an additional 1 hour*at¢37err]¢€
Cells were then_pelleted by centrifugation at 5000 x g for 15 m nutes and
30 resuspended in 1/50th original culture volunme of lysis buffer (2%
Triton X-100, 1% Aprotinin, 10 mMTris, pH 7.4). The solution was then
frozen by imersion in a dry 42 ice |/ ethanol bath and then thawed.
DNase | was added to a final concentration of 1 [err]g/m and the |ysate
was then incubated for 5 mnutes at roomtenperature. I nsol ubl e debris
was then pelleted by centrifugation at 10,490 x g 5 for 10 mnutes. The
supernatant was then -centrifuged as before. sodi um dodecyl

sul f at e- pol yacryl a t»%;: %h%ﬁsbﬁaixﬁD&sPA%eéeirﬁméhé arabygis of
aliquots of the peI et an Su natant fractions i ndi ate hai 2 K15 was

found primari| PPRIERE sPEREHEE arkmAGRRIEIL KRegion :
fraction was t a&an?aorﬁ&:'n;edsu;t:bnaeM&mﬁmmammwpesuenspﬁega)

fhen poured | nt8usCareHb8aRra RoRGAA T ahnonsaR oo B IR PR Y 15°
buffer (1%Aprotinin, 10 M Tris pH 15 7.4). Bound protein was eluted
14 mM's of pH 10.8317, The peptide of claim 15, wherein the HTLV-II
specific peptide immunogenic region is forméd by the
amino acid sequence Ser-Pro-Pro-Leu-Val~-His~Asp-Ser-Asp-
Leu-Glu-His-Val-Leu-Thr-Pro-Ser. |
10 '
18. A kit for detecting the presence of HTLV-II
infection in a human serum, comprising
a solid support with an immobilized peptide antigen
comprising less than about 50 amino acids derived from
15 . HTLV-II envelope protein gp46, said antigen including the
immunogenic region formed by the amino acid sequence Met-
Thr-Leu-Leu-Val-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-Trp-Phe-
Ile—Thr;Ser-Glu-Pro-'l‘hr.-.Gin—-P_ro-Pro-P.ro-Thr-Ser-Pro-Pro—
Leu-Val-His—Asp-Ser—Asp-Leu-Glu-His-'Val-Leu-Thr-—Prb-—Ser-
20 Thr-Ser-Trp-Thr-Thr-Lys, and
reporter means for detecting the presence of human
antibodies bound to said peptide.

1s. A composition for use as a vaccine against

25 infection by HTLV-I.comprising
a peptide antigen comprising 1less than about 77
amino acids derived from HTLV-I envelope protein gp46,
said antigen inéluding the immunogenic region formed by
the amino acid sequence Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-
30 Tyr-Asp-Pro-Ile-Trp~Phe-Leu-Asn-Thr-Glu-Pro-Ser-Gln-Leu-
Pro-Pro-Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-
His~-Ile-Leu--Glu-Pro-Ser which is immunoreactive with
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containing 1 m of 2 Mtris buffer (pH 7.5). Fractions were

concentrated using Centricon 30s (Am con) follow ng manufacturers
instructions. The 20 fractions were washed with 2 ml's of MIBS buffer
(150 MM NaCl, 4 mM NaH2PO4, 16 mM Na2HPO4, pH 7.3) and then concentrated
again. The location, yield and purity of the purified fusion protein was
determ ned usi ng SDS- PAGE. After one 25 pass t hr ough t he

i mmunoaffinity col um GH2- K15 reconbi nant antigen was -70 % pure.
Fractions containing fusion protejin were pooled and aliquots of the pool
were used in subsequent western bl ot experinents. Western bl ot anal ysis
was .performed essentially as described 30 s®previously (Lipka).
Titration experinents determ ned that the optimm | oading of purified
GH2- K15 anti genangi-ATDRY-Pr eictictdlonal t antibody osimrivedPefrone ATGMpeelili on
43 experinments are_d ed Exanple 6C. Nitrocellul ose strips

cont ai ni ng bIot?ég g?ﬁgéﬁ m%?g then added to the serum sanpl es and

i ncubat ed and devel oiBl ascavrier.to whicly theipeptide is attaghedsanpl es

carbonate buffer and 2 ml fractions were collected into tube “Ele:“IH““I“““

were obtained fromHTLV-I, HTLV-11, or ELISA reactive - HILV negative
i ndi vi dual s. These
5 . 20. The vaccine of claim 19, for use also as a

vaccine _ against infection by HTLV-II, which further
includeé; attached to the immunogenic carrier, a peptide
antigen comprising less than about 50 amino acids derived
from HTLV-II envelope protein gp46, said antigen
10 including the immunogenic region formed by the amino acid
sequence Met-Thr-Leu-lLeu-Val-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-
Leu~-Trp-Phe-Ile-Thr-Ser-Glu-Pro-Thr-Gln-Pro-Pro-Pro-Thr-
Ser-Pro-Pro~Leu-Val-His-Asp-Ser~-Asp-Leu-Glu-His~-Val-Leu-
Thr-Pro-Ser-Thr-Ser-Trp~-Thr-Thr-Lys.
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sanples were from nultiple different sources and geographic areas.
Many of the seropositive sera sanples were also typed for HTLV-1 or HTLV-I
infection using+PCR 10 with strain specific DNA priners. HTLV-1 sera
sanpl es included 58 PCR proven sanpl es consisting of 45 sanples from
Jamai can food handlers, 2 intravenous drug users (1VDU) fromthe New

Ol eans area, and 11 northern California bl ood donors. In addition a
total of 238 15 HTLV-1 sera sanples were obtained from Japan. For the
Japanese sanples PCR data was wunavailable and the infecti.on was
typed by western blot analysis of tHe&era sanples agai nst HTLV- |

anti gens usi ng previously described criteria (Lipka et al. JID).
HTLV-11 sera 20 sanpl es included 57 PCR proven sanpl es consisting of 6
VDU fromthe New Ol eans area, 24 VDU fromthe northern California area,
and 27 bl ood donors fromthe northern California area. HTLV negative sera
i ncluded 1 Jamai can food handl er, 1?&5 orniulgaood donors, and 29
sanpl es 25 from Japan. PCR anal yst ser npl es was perfornmed as
descri bed (Lipka). Exanple 6 Detecting Peptide Antigen |Inmmunoreactivity 30
A. Inhibition of Cell Lysis BTIM-I

LTR 5180 6644 LTR

| o | { } —

| 1 |  se——|
gp46

1 1 1 B
5565 5664 5790 5895
MTa4
5565 5790
5664 5807 MIAl
MTAS
5664 5895

Fig. 1B



HUT 102-B2 cells were obtained fromDr. RC @Gllo,
| ong-term cul tured T-cell
[err]g/mM 1gG or a control

room t enperature.
HUT 02B2 cells in 96-well mcro titer plates, and incubated for

at room tenperature.

prei ncubati o

irrel evant

viability. Be <Ll SA As®ay I—FI'LVH 4and HTLV- 11
20 ELISA ag¢h

i ndi vi dual s
t he ELI SA
mcrotiter
infected in

to the peptl

conjugated t

50 [err]l

ith irrel evant r onbi nant ﬁeptlde
mat ched hunrem £ gG aft®r prei nc:u tion wt

| ine known to produce HTLV-I.

LTCB, N H

This is a
.5a antibody (~5

i sotyped 5 nmatched human 1gG was prei ncubat ed
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30 m nutes
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enzynme that converts a colorless substrate to a col ored product. The
anount of colored product produced 30 I ndi cates the anount of serum
ant i body whith bound the pepti de. The signal obtained froma particular
sera against bound peptide was subtracted fromthe signal 45

obt ai ned by the sera froma well which did not contain any pepti de. The
val ues obtai ned after subtraction of the m nus peptide background had to be
2.5 times the background value to t*:;?aconsi dered positive. 5 C. _Antibody

Bi ndi ng | nhi bi tLQQ he inky Rty on_a S8y Vol ves, e heubat i on of a large

excess of a syno Mc pep%§§ ésda 'Hrom an ¥R Y hflect ed i ndi vi dual
[ | o

prior to pl amnguaustrlp t socek| ul osewm%&ntal ns a HTLV-1 or

HTLV-11 recom binant ant Sto it. If the sera can bind to the
pepti de, the vast excess of peptlde s¥lution with the anti body w |l
prevent significant bindi of th iJ; tibody to the relatively-smal

anount of antigen present i5 41 nitrocel |l ul ose strip. The anount of
anti body bound-to the rec |nant gen on the nitrocellul ose strip is
determ ned using an enzy conjug second an- tibody in a nmanner

anal ogous to that descri beg aboveg'crrm
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t he ELI SA assay. Control experinents involved incubating 20 HTLV-1 sera
with the HTLV-11 peptide K125 or HTLV-il sera with an HTLV-l peptide, and
then determining the ability of the sera to recognize the appropriate
reconmbi nant -an- tigen. 25 Exanpl e 7 "EI'A Assay
Purified MIA-4 peptide antigen was prepared as in Exanple 4, and dot
blotted on nitrocellulose filters, which were then wused in a

sol i d- phase assay for 30 determ nation of serum anti bodies in patients
with T-cell leukemia (6 patients with HTLV-I infection). I n each case,
0.1 m of various serumdilutions, zgging from 46 1:100 to 1:50, 000,
fromthe test individual was added 868t he filter, and allowed to rest at
roomtenperature for 30 m nutes. The filter was then washed two tines
“with TBST buffer (Exanmple 2), and incubated with anti-human 5  anti body
conjugated wth alkaline hosphatase, as in Exanpleff} The ‘presence

of anti body was ‘determ ne y col or devel opnent in NBT BCIP, also as in
Exanpl e 2. Exanple 8 10 dified Western Bl ot for Confrrm ng HTLV-I
Positive Sera Reconbi nant M[A-1 was prepared as in Exanplp 4.
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Reconbi nant p21E was prepared as described previously (Sanuel, 1984, 1985).
- HTLV-11 viral lysate was prepared fromchronically infected cell line M-2
(Hllcrest 15 Bi ol ogi cal s, Cypress, CA). These HTLV-1 antigens were
conbi ned and then separated under reducing conditions on a 11.5% acryl am de
SDS/ PAGE gel (Laemmi). The resol ved proteins were el ectroblotted onto a
nitrocellulose (onto a nitrocel |l ul ose nenbrane bl ocked with blotto (5%
nonfat 20 dry mlk, 2.5%normal goat serumin 100 mM Tris-HC, pH 7.4),
air dried, and cut into 3 mmw de strips.: In the assay, the test strips
from above were first rehydrated in TBS buffer, and the strips ‘'were

i ncubat ed overni ght w th *human fes®/8era, diluted 1:50 in blotto. 25 The
strips were washed several tinmes with wash buffer, then incubated for one
hour with goat anti-human 1gG conjugat8&4D alEidIne phosphat ase (Bio-Rad,

tRihchrr?nd, CA) 51 AfpRirpeeoXOTCBECCEREG|oPENt CCEBANRETCTTGARSI Ng
e strips inqgg_ @F¢ Pesi do] in -B1
5- br ono- 4- chl %r o%?l&n 0 gﬂ %E;oés)%ﬁat and ni FF&?‘&%“E%?%% I uC'.l"l.l‘n 5100

mM Tris-HC buf f els; 9.5, 50 MM Mgl [err]. Col or devel opnent
continued until a unifor 47 background devel oped on t rip and was
halted by rinsing the strips t i it i oni wat er .

: +

Degenerate Bgll fragments:
GGGCT (NNK), GGGGCCGCTG
TGCCCCGA (NNM), CCCCGGC

(NNK),

‘{NNﬁfb'

/Ligation

(~10 different
nucleotide
sequences)

\\\ifansfect E. coli

Multiple copies of phage having
recombinant pIII surface protein:

Recombinant pIXII:

NH, -A|DGAZGAAGHRBA|IET YV E-o ¢ o




A panel of HTLV-I or HTLV-I1 positive sera were tested. These had been
previously confirmed as HTLV-1 or 5 HTLV- 1 | positive by PCR anal ysis

(Li pka) . The results are shown in Figure 6, where panels A-G are HTLV-I
antisera, and panels H S are HTLV-2 anti sera. Viral |ysate protein gp24
was i mmunoreactive with every serum sanple, as was the reconbi nant peptide
gp2lE. MIA-4 was 10 i mmunor eactive with HTLV-1 serum sanples only. Wile
the invention has been described with refer- ence to particular

enbodi nents, nethods of construction, and uses, it will be clear to those
in the are that various other uses, é}g:nnaiions, and net hods of* practice
15 are within the contenpl ati on of e present invention: 48 CLAI MS 1.
An i mmunor eactive peptide antigen derived fromthe HTLV-1 envel ope protein
gp46, said antigen conprising the i mmunogenic region forned by the am no
aci d sequence presented as Ser-Leu-Leu-Val - Asp- Al a- Pro-

Ady-Tyr- MpPH)HeTw)%eLmr%nTm-GuFWoSm-GanIM&

Pro- Thr - Al a- Pro- Pro- Leu- Leu- Pro- Hi s- Ser- Asn- Leu- Asp- Hi s- 11 e- Leu-

A u-Pro-Ser-1le-Pro-Trp-Lys-Ser-Lys. 2. . An immunoreactive peptide antigen
consi sting of less than aboutj 50 am no acids derived fromHTLV-11.envel ope
protein gp46, said antigen cqnprising the i nmunogenic region forned by the
am no aci'd sequence +

O— ~ Biotinylated-5a

O mal
+
\raw'\fr\’\/—\’ Streptavidin plgtes
Purification .

vV VT v

'

Sequence DNA to determine amino
acid sequence of immunoreactive
peptide

Fig. 5(con't)



presented as Asp-Ala-Pro-Qdy-Tyr-Asp-Pro-Leu-Trp-Phe-11e-Thr-Ser-

A u- Pro- Thr-d n- Pro- Pro- Pro- Thr - Ser - Pr o- Pr o- Leu- Val - Hi s- Asp- Ser -

Asp- Leu-d u- Hi s-Val - Leu- Thr - Pro- Ser - Thr - Ser - Tr p- Thr- Thr - Lys. 3. A net hod
for positively identifying HTILV-1 infection in a human serum sanpl e,
conprising reacting a serumsanple with a solid support on which is

i mobi lized a peptide antigen derived fromthe HTLV-I envel ope protein
gp46, said antigen conprising the i munogenic region formed by the an no
aci d sequence presented as Ser-Leu-Leu-Val - Asp- Al a-Pro-d y-

Tyr- Asp- Pro- 11 e-Tr p- Phe- Leu- Asn- Thr -£#gu- Pr o- Ser - @ n- Leu- Pr o- Pro-

Thr - Al a- Pro-Pro- Leu-Leu-Pro-Hi s-Ser-Asn-Leu-Asp-Hi s-11|e-Leu-Qd u-
Pro-Ser-11e-Pro-Trp-Lys-Ser-Lys, detecting the binding of human serum

anti bodies to said peptide antigen, and nmaking a positive identification of
HTLV-1 infection if the binding of serumantibodies to said peptide antigen

i's observed5521 49 4. gg3p net ho%sfﬁr posi tsg@iy i denggEyi ng HTgY-h!

infection in a human serum sanp e, conprising reacting a serumsanple with

a solid SUPP?@ACR@C@@C&‘BAC&C ge&ﬁ@a@q@da%mmmm&om the

HTLV-11 envel ope protein gp4 said antigen conprising the i rrrrunogenl c

region formed by the am no acid sequence presented as

Asp- Al a- Pro- Q3 y- Tyr - Asp- Pr o-

Leu- Tr p- Phes$g®- Thr - Sps9H u- Pr o5801- G n- Ps&1Rr o- Pr o-5881 Ser - Pr§g3X o-
TGTAAATTTCACCCAGGAAGTCAGCCAAGTGTCCCTTCGACTACACTTCTCTAAGTGCGG

M T L L VD AP GY D P UL WUF I T S

5641 5651 5661 5671 5681 5691
CTCCTCCATGACCCTCCTAGTAGATGCCCCTGGATATGATCCTTTATGGTTCATCACCTC
(KAE1=) ATGACCCTCCTAGTAGATGCC—->

E P T QP P P T S P P L V HD S DL E H
5701 5711 5721 5731 5741 5751
AGAACCCACTCAGCCTCCACCAACTTCTCCCCCATTGGTCCATGACTCCGACCTTGAACA

VL TPSTSWTT K

5761 5771 - 5781 5791 5801 5811

TGTCCTAACCCCCTCCACGTCCTGGACGACCARAATACTCAAATTTATCCAGCTGACCTT
<--AGGTGCGGACCACGTGGTTTT = (KAES)

CAG~CTG (Pvull)

5821 5831 5841 5851 5861 5871

ACAGAGCACCAATTACTCCTGCATGGTTTGCGTGGATAGATCCAGCCTCTCATCCTGGCA

5881 5891 5901 5911 5921 5931
TGTACTCTACACCCCCAACATCTCCATTCCCCAACAAACCTCCTCCCGAACCATCCTCTT

Fig. 6



Leu- Val - H s- Asp- Ser - Asp- Leu- G u- Hi s-Val - Leu- Thr - Pro- Ser - Thr - Ser -
Trp-Thr-Thr-Lys, detecting the binding of human serum anti bodies to said

pepti de antigen, and making a positive identification of HTLV-I1 infection
i f the binding of serumantibodies to said peptide antigen is observed. 5.
A met hod for distinguishing HTLV-1 and HTLV-11 infection in a human serum

sanple, conprising: reacting a serumsanple with a solid support on which
are inmmobilized (a) a peptide antigen derived fromthe HTLV-1 envel ope
protein gp46, said antigen conprising i mmunogeni ¢ region formed by the
am no acid sequence presented as Ser-Léu-Leu-Val - Asp- Al a- Pr o-

A y-Tyr-Asp-Pro-11e-Trp-Phe-Leu- Asn- Thr-Qd u- Pro- Ser-d n- Leu- Pro-

Pro- Thr - Al a- Pro- Pro- Leu- Leu- Pro- Hi s- Ser- Asn- Leu- Asp- Hi s-11 e- Leu-

G u-Pro-Ser-11 ro-Trp-Lys-Ser-Lys, and (b) a peptide antigen of |ess than
about 50 amino acids derigged fromthe HTLV-1)_envel ckid protein gp46, said
anti gen conprislhg the i nogeni c regio énby +me anmi no aci d sequence
presented as Ape Al a- Pr o[gy-Tyr-Asp- Pr o- v

Trp- Phe-1 | e- ThE&Ser - G u- Pegy Thr - G n- Pro- - Qbr - & - Pro- Pro- Leu-

Val - Hi s- Asp- Sert Asp- Leu- Gju- Hi s- Val - Leu- Thy - Pgo- ger - Thr - Ser - Tr p- :
Thr-Thr-Lys, copstructed o permt serun1a$ti odijes t¢ contact the peptide
Jil ed to the SO|Id support, a 50

iadilikodi Y

antigens when such serumis ap
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bound i mmunospecifically to pept| de ant i gens (a) and (b) | I sLZ6@p0N the
solid support, and said detecting includes detecting bindi U‘gg hurran serum
anti bodi es to each of said i nmobilized peptide antigens (a) and (b). 6. A
kit for detecting the presence of HTLV-1 infection in a human serum
conprising a solid support with an immobilized peptide antigen derived from
the HTLV-1 envel ope protein gp46, said aftigen conprising the inmunogenic
regi on fornmed by the am no acid sequence presented as

Ser - Leu- Leu- Val - Asp-Al a- Pro- 3 y- Tyr -2B8LDR@t| | e- Tr p- Phe- Leu- Asn-

Thr-d u-Pro-Ser-d n-leu-Pro-Pro-Thr-Al a-Pro-Prqg-Leu-Leu-Pro-Hi s-

Ser - Asn- Leu- Asp- BTV 'IIeaE&JB@IIY'IirIo Reptide Antjoens apd ¥ethods ,nq
constructed to permt serum antibodies to contact with the peptide antigen,
when such serumis applied to the solid support, and reporter rreans for

it for det SOy HHA o el BT i DAy ol difv iR &rd BERELopGe
COMPI i $I NG #30kigd wmag e AP 7 G000 PR B oty

conprising a peptide anti an about no- acl

the HTLV-11 peixel opengr aHgive EP4§nt§§bQ‘aﬂntT19@”?éﬂﬁﬂﬁb%' r-d N@et-i¥BAOgENI C
region formed by the am no acid sequence presented as .

Asp- Al a- Pr of@dom TahraSegbBius LeeghiionFhef |BTI-1Sean@ wiLo-Thr -4bas -

Pr o- Pro- Pro- Thr-Ser-Pro Pro- Leu- VaI Hi s- Asp- Ser- Asp-Leu-Qd u-Hi s-

Val - Leu- Thr eBrve BepeTlprSeeilip; Tandlaréydi ffelr ennstated ethyt oclpedm t
serum anti bodies to contact with the peptide ant.j gen, when such serumis
applied to tmnwuieastpydtyy, whtth an HTLV-II specific monoclonal

antibody and by HTLV-I and HTLV-II antisera. The peptides

are useful in vaccine compositions.
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/r-epé)rter means for detecting the presence' [I gl 'mﬁ;es‘“%ﬁhﬁ %sai d
~Support. 8. A kit for detecting, and di sm " mu""mmu en infection
with HTLV-1 and HTLV-11, conprising a soli'd Suppor® witih a first

i rmobi |i zed peptide antigen derived from HTLV-I 20)

EE g‘gﬁﬁzwqﬁseseﬁﬁed

containing a peptide region consisting of the am
Cintnt IS S to p,%,ged
4 Clairns

as Ser-Leu-Leu-Val - Asp- Al a- Pro- 4 N
d y- Tyr - Asp- Pro- | | e- Tr p- Phe- Leu- Asn- Thid&S u- Pr o} 5.4 rf—’)keuﬁﬁg‘%fi ALt paged 5\,
Pro- Thr- Al a- Pro- Pro- Leu- Leu- Pro- Hi s- Ser - Asn- Leu} ASp-F" S5 e Pegidl ... to paged .....
A u-Pro-Ser-11e-Pro-Trp-Lys-Ser-Lys., and a seclont‘Féptitde ‘@agidgento paged.....
consi sting of about 50 am no acids derived from HTLV-11 envel ope protein
gp46 and cEUsAMSNg a peptide region consistind dPATEOCRRECERG .drhetrence

presented as Asp- Al a- Pro- G y- Tyr- Asp- Pro- Leu- Tr p- Phe- =222
Il e-Thr - Ser-d u- Pro-T_hr-GI n- Pr o- Pro- Pro- Thr - Ser - Pr o- Pro- Leu-Val - H s- _
Asp- Ser - Asp LeuAd unlfhSioyedctive Yeptide PirRtigefl’ ddiNedSfom! tRe HILVIN lenvbibpe Sai d

second peptide antigen inmobili'zéd at one or nore positions on the Solid
support spaced Xsatein gpdf, spid patigen samprising therimmunggenicaggigpaormedt i de

antigen, said sypelafitieshil Gefifledd PREGEd SR SR B LBAVANGOAROPLACt L he
I mobi | i zed peptide anti gens, en such serumis applied to the solid
support and rep&IYélelfffeQﬂ'lqu-Hﬁ-'lh‘Etlﬁm-LﬁyhsneTfpl*ﬁbeE’E@-Sﬂ-qmm-Bm-i bodi es
bound to said Slfi?ggl‘l';r'-Alzal—Pro—Pro-Leu-Leu-Pro—His-Ser-Asn—Lc:eu-Asp—His-Ile-Leu—

Glu-Pro-Ser-lle-Pro-Trp-Lys-Ser-Lys.

2. An immunoreactive peptide antigen consisting of less than about S0
amino acids derived from HTLV-II envelope protein gp46, said antigen
comprising the immunogenic region formed by the amino acid sequence
presented as Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-Trp-Phe-lle-Thr-Ser-
Glu-Pro-Thr-GIn-Pro-Pro-Pro-Thr-Ser-Pro-Pro-Leu-Val-His-Asp-Ser-
Asp-Leu-Glu-His-Val-Leu-Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-Lys.

3. A method for positively identifying HTLV-] infection in a human serum
sample, comprising
reacting a serum sample with a solid support on which is
immobilized a peptide antigen derived from the HTLV-I envelope protein
gp46, said antigen comprising the immunogenic region formed by the
amino acid sequence presented as Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-
Tyr-Asp-Pro-Ile-Trp-Phe-Leu-Asn-Thr-Glu-Pro-Ser-Gln-Leu-Pro-Pro-
Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-His-lle-Leu-Glu-
Pro-Ser-Ile-Pro-Trp-Lys-Ser-Lys,
detecting the binding of human serum antibodies to said peptide
antigen, and | _
- making a positive identification of HTLV-I infection if the binding

of serum antibodies to said peptide antigen is observed.



52 16. The peptide of claim 15, wherein the HTLV-11l specifi |
I mmunogeni c region is fornmed by the am no acid sequence nmﬁrmmmmull”ml'
Ser - Pro- Pro- Leu- Val - H s- Asp- Ser - Asp- O
Leu-d u- Hi s-Val - Leu- Thr - Pro- Ser- Thr- Ser - Trp- Thr-Thr-Lys. 5 17. The peptide
of claim 15, wherein the HTLV-11 specific peptide i munogenic region is
formed by the am no acid sequence Ser- P58 Pro- Leu- Val - H s- Asp- Ser - Asp-

Leu-3 u-Hi s-Val -Leu-Thr-Pro-Ser. 10 18=< A kit for detecting the presence

of HTLV-11 infection in a human serum conprising a solid support with an

I rmobi | i zed peptide antigen conprising | ess than about 50 am no aci ds

derived from 15 HTLV-11 envel ope protein gp46, said antigen including the

| Mrunogeni &.r egi DdthodEst Posititely adeditidfyig HTEeqUaTe&IdEIn a human serum
Thr - Leu- Leu- Val - Asp- Al a- Prq-Qd y- Tyr - Asp- Pr o- Leu- Tr p- Phe-
Il e- Thr - Ser - G u-PMPlENFORPHSIBES - Pr o- Pr o- Thr - Ser - Pr o- Pr o-

Leu- Val - Hi s- Asp- Ser - AQRetisg!-43 dériiinS s¥alpié Wit ha - S8Rt SR¥ppo0 on which is
Thr-Ser-Trp-Thr-Thr-Lys, and reporter mneans _for detecti n& t he ‘presence of
human ant i bodi eduBeekitized & peptisiepentigen 1deriveda femppthe (HBRVAbrenyslorss a
vacci ne agai nst (ggtein | £48¢ o aR¥ighHl LoénlpridiP the itmihdgeRic Agidt oAk
conprising |ess Itﬁ’aaer?aa%{)ut’ 7/ & P G He%l
by the amino acid sequence presented as Asp-Ala-Pro-Gly-Tyr-Asp-Pro-
Leu-Trp-Phe-Ile-Thr-Ser-Glu-Pro-Thr-Gin-Pro-Pro-Pro-Thr-Ser-Pro-Pro- |
Leu-Val-His-Asp-Ser-Asp-Leu-Glu-His-Val-Leu-Thr-Pro-Ser-Thr-Ser-
Trp-Thr-Thr-Lys,
detecting the binding of human serum antibodies to said peptide
antigen, and
making a positive identification of HTLV-II infection if the

binding of serum antibodies to said peptide antigen' is observed.

5. A method for distinguishing HTLV-I and HTLV-II infection in a human
serum sample, comprising:
reacting a serum sample with a solid support on which are
immobilized (a) a peptide antigen derived from the HTLV-I envelope
protein gp46, said antigen comprising the immunogenic region formed
by the amino acid sequence presented as Ser-Leu-Leu-Val-Asp-Ala-Pro-
Gly-Tyr-Asp-Pro-lle-Trp-Phe-Leu-Asn-Thr-Glu-Pro-Ser-Gln-Leu-Pro-
Pro-Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-His-Ile-Leu-
Glu-Pro-Ser-lle-Pro-Trp-Lys-Ser-Lys, and (b} a peptide antigen of less
than about 50 amino acids derived from the HTLV-II envelope protein
gp46, said antigen comprising the immunogenic region formed by the
amino acid sequence presented as Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-
Trp-Phe-lle-Thr-Ser-Glu-Pro-Thr-Gin-Pro-Pro-Pro-Thr-Ser-Pro-Pro-Leu-
Val-His-Asp-Ser-Asp-Leu-Glu-His-Val-Leu-Thr-Pro-Ser-Thr-Ser-Trp-
Thr-Thr-Lys, constructed to permit serum antibodies to contact the

peptide antigens when such serum is applied to the solid support, and
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Tyr-Asp-Pro-11e-Trp-Phe-Leu- Asn- Thr- QG u- Pro- Ser-d n- Leu-
Pro- Pro- Thr - Al a- Pro- Pro- Leu- Leu- Pro- H s- Ser - Asn- Leu- Asp-

His-1le-Leu-G u-Pro-Ser which is i oreactive wth 53 anti-HTLV-1
nonocl onal anti body derived from ATCC | |ine HB8755; and (B) a carrier
to which the peptide is attached. 5 20. The vaccine of claim 19,
for use also as a vaccine against infection by HTLV-11, which further

I ncl udes, attached to the i nmunogenic carrier, a peptide antigen conprising
| ess than about 50 arﬁep@rtéﬁkmefok\tﬁdedﬁ@thd‘@i:ééehbe of Mv2h &P @ntibodiesi N

gp46, said antigen 10 i ncl udi the i ni c region forne t he
anino aci d sequé@wgmvgflwseeﬂﬂﬁ@ﬁr tmpertfe Antieens (@) 9113@1;@ cﬁwﬂwd
Leu- Tr p- Phe- | | e-ol{heS8bLEsuppoR; -EBH' $4id ﬂt&&f@nﬂ&@ﬂetecﬁng binding of
Ser - Pro- Pro-Leu-Val -H s- Asp er - Asp- Leu- 3 u- Hi's- Val - Leu-

Thr - Pr o- Ser - Thr 18gpangserymy armlpod_19% to each of said immobilized peptide antigens
(a) and (b).

6. A kit for detecting the presence of HTLV-I infection in a human serum,
comprising
a solid support with an immobilized peptide antigen derived from
the HTLV-I envelope protein gp46, said antigen comprising the
| immunogenic region formed by the amino acid sequence presented as
Ser-Leu-Leu-Val-Asp-Ala-Pro-Gly-Tyr-Asp-Pro-lle-Trp-Phe-Leu-Asn-
Thr-Glu-Pro-Ser-Gln-Leu-Pro-Pro-Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-
Ser-Asn-Leu-Asp-His-lle-Leu-Glu-Pro-Ser-lle-Pro-Trp-Lys-Ser-Lys, and
constructed to permit serum antibodies to contact with the peptide
antigen, when such serum is applied to the solid support, and
reporter means for detecting the presence of human antibodies

bound to said support.

7. A kit for detecting the presence of HTLV-II infection in a human serum,
comprising
a solid support with an immobilized gp46 peptide antigen
comprising a peptide antigen of less than about 50 amino acids derived
from the HTLV-II envelope protein gp46, said antigen comprising the
immunogenic region formed by the amino' acid sequence presented as
Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-Trp-Phe-lle-Thr-Ser-Glu-Pro-Thr-Gln-
Pro-Pro-Pro-Thr-Ser-Pro-Pro—I.eu—Vai—His—Asp-Ser-Asp-Leu—Glu—His-
Val-Leu-Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-Lys, and constructed to
permit serum antibodies to contact with the peptide antigen, when

such serum is applied to the solid support, and
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reporter means for detecting the presence of human antibodies

bound to said support.

A kit for detecting, and distinguishing between infection with HTLV-I
and HTLV-II, comprising

a solid support with a first immobilized peptide antigen derived
.from HTLV-I envelope gp46 and containing a peptide region consisting
of the amino acid sequence presented as Ser-Leu-Leu-Val-Asp-Ala-Pro-
Gly-Tyr-Asp-Pro-Ile-Trp-Phe-Leu-Asn-Thr-Glu-Pro-Ser-Gin-Leu-Pro-
Pro-Thr-Ala-Pro-Pro-Leu-Leu-Pro-His-Ser-Asn-Leu-Asp-His-lle-Leu-
Glu-Pro-Ser-lle-Pro-Trp-Lys-Ser-Lys., and a second peptide antigen
consisting of about 50 amino acids derived from HTLV-II envelope
protein gp46 and containing a peptide region consisting of the amino
acid sequence presented as Asp-Ala-Pro-Gly-Tyr-Asp-Pro-Leu-Trp-Phe-
Ile-Thr-Ser-Glu-Pro-Thr-GIn-Pro-Pro-Pro-Thr-Ser-Pro-Pro-Leu-Val-His-
Asp-Ser-Asp-Leu-Glu-His-Val-Leu-Thr-Pro-Ser-Thr-Ser-Trp-Thr-Thr-
Lys, said second peptide antigen immobilized at one or more positions on
the solid support spaced apart from the position of the HTLV-I-derived
gp46 peptide antigen, said support constructed to permit serum
antibodies to contact the immobilized peptide antigens, when such serum
is applied to the solid support and

reporter means for detecting the presence of human antibodies

bound to said support.
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