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TRUNCATED RECOVBI NANT OUTER MEMBRANE PROTEIN (r47) AND (r Bs

DI AGNOSTESAFPHFHERAPEUTI CS FOR  SCRUB TYPHUS AND HI V | MIGE®R0EAS0ID F| ELD
OF THE | NVENTI ON The present invention relates to a 47kDA and a 56kDA
surface protein antigen of Orientia tsutsuganushi which are useful as
‘disgnostic antigens as well as imrunizing agents. The invention further
relates to a therapeutic nmethod of reducing the HHV viral 15 load in a

Phe obl | gl 7 REPPORIS, ARGt JacplBRivE DEE dieiiyiftcn

acCoUuNtEROMETNUA xT ) 288mofrad) VAITINES aIacmdesICs ANDasHBRADHRr2(E FOR

Asi a- Paci fic region where_scrub typhus is_endem c and can cause up to a
third of nortality if | U@n??@ﬁﬁgdaN%wﬁBYdﬂ%ﬁgﬁﬁfcphclude pneunoni tis,
meningitis, rash, and headache. Differentiating scrub typhus from other
acute febrile illness, such as |eptospirosis, nurine typhus, malaria, can
be difficult because of 25 the simlarities in signs and synptons. Sera
fA8m 95- 99FLELD BE: THR: BNVENTQEr ub typhus recogni ze a 56-kDa protein of 0.
t sut suganushi whi ch conprises 10-15% of the total rickettsial «cellular

protei n cCoRfRNbredBhe DRvdeliai dH ABIdL 2t oPAt B7RBASSLYCS s6kDA surface
protein antigen of Orientia tsutsugamushi which are useful as
diagnostic antigens as well as immunizing agents. The invention

further relates to a therapeutic method of reducing the HIV wviral

15 1locad in a patient.
DESCRIPTION OF THE PRIOR ART

scrub tvphus infection is caused by the obligated
intracellular, gram-negative bactefium 0. tsutsugamushi. It
accounts for up to 23% of all febrile episodes in areas of the

20 Asia-Pacific region where scrub typhus is endemic and can cause up
to a third of mortality if left untreated. Symptoms may include
pneumonitis, meningitis, rash, and headache. Differentiating
scrub typhus from - other acute febrile illness, such as
leptospirosis, murine typhus, malaria, can be difficult because of

25 the similarities in signs and symptoms. Sera from 95-99% of
patients with scrub typhus recognize a 56-kDa protein of O.
tsutsugamushi which comprises 10-15% of the total rickettsial

cellular protein content. This 56-kDa protein has both conserved




15 Decenber 2006 WO 03/096974 PCT/US03/15072 5 and uni que_sequences anong
di fferent strains, has been devel oped and used for earlyldPsgPsi L% nd a
pot ent i awowsmesoie candi date. Whol e-organi sm vacci nes havethsesgprevi ousl y
devel oped and their protections have been short-lived and | ack of cross
strain protection. The major surface protein antigen, the variable 56- 10
kDa protein which account for the antigenic variation, has been shown to

i nducearpt oAy e eSEEHERCey apanastifReTABRoISGFSIRSst Mdisn basn dprelaned

het er ol ogous strains. The fact that other antigens, such as 110, 47 and 22
kDa heaarel alsed feenepgdnt Bipgdont s il gh Pot@ndriddc vagripesogedidate hat a

. conbi nati on of several of these 15 antigens nay provide better protection
agai nst vahole-strganssof varcirss sheaeudisien nbeeviows 1 Redenelgpedt b
been denonstrated that the infusion of plasma fromscrub typhus infected
pati enttsid ndxo At iicnfse chavk pademnssotedl iwved hendedreksefoferdis¥ wimesid oad
burden determned 2 nonths after the initial infusion, suggesting 20 the
phar mggeitidcgdlonef f eche Ohatibe sarbcé yphosepat iaentigepl, ashia vBLNMBRY GF-THE
INVENTION In this report, we have denonstrated the cloning of 47-kDa

Priot eiub0epeot NGBl wREERS SickRuAdMRr LHd34ntigandct Rarahtesn) has Maedi n
pure. r47, in an effort leading to the production of 25 sufficient quantity

and highhWurdd Vi k@ erbb Repd c ik Dot MdelindtS i) KON JasOns tWialith 1 56
protein as a vaccine candidate to afford broader protection. In addition,
the sequencs SRl Chefbrologous strains. The fact that other antigens,
such as 110, 47 and 22 kDa have also been identified with high
seroreactivity suggests that a combination of several of these
15 . antigens may provide better protection against various stains of
0. tsutsugamushi infection. Recently, it has besn demonstrated
that the infusion of plasma from scrub typhus infected patients
‘inteo HIV infected patients led to the decrease of HIV virus load
burden determined 2 months after the initial infusicon, suggesting
20 the pharmaceutical effect of the scrub typhus patients plasma.
SUMMARY OF THE INVENTION
In this report, we have demonstrated the cloning of 47-kDa
protein gene, NCBI accession number L31934.1, and the attempt to
obtain pure r47, in an effort leading to the production of
25 sufficient cquantity and high purity recombinant 47-kDa protein to
use in combination with r56 protein as a vaccine candidate to

afford broader protection. In addition, the secuence search of

this outer membrane protein showed 'similarity with serine




this outer menbrane protein showed simlarity with serine_ -2 15 Decenber
2006 WD 03/096974 PCT/ US03/ 15072 5 proteases, suggesti ng!? Preebst &0q
itsel f n@0dxMe6e7HoN as a protease. Western bl ot resultspcansakesdrt hat

pl asma from scrub typhus patients showed strong antigenic response to the
r47 protein, suggesting a potential protective role of r47 against HV 10

i nfoection. It is possible that ghi s i nhi bi tor%/ fect was due to the
anti bdhP IS Rirse TORECGFLPI7 prot ePROtREEer AEER LRI y2Y hel WA gy2hetdeen

seri ne%{)rot ease and r47 protein indicating a potential protease activity
associBiYFIARh r47 which nmay result in interference with HV processing.
15 A search of the NCBI protein database for short, nearly exact natches
reveal ed a "RREEFNRIRS FFomtls (severhrd chhatinglasmgodseny a@rubet tigdma he
0. tsutsuganushi Karg strain 47kDa antigen (accession nunmber gi/1220501)
47 kDPHHEHISY ERVELGpE ¥iosdei ant Lgerbs sixnasDonsBer tgi /2509%2) g0, 20
Pattern: TLR+I VIN+K Accordingly, the present inventive subject matter is
di r ectsawygasd ings craub rofsmid alnmmwdesite veonpodiet | of codr i sigegnawt r 47V
truncated protein of SEQ ID No.1, an r56 truncated protein selected from
t H® griouvipatdmsi.st iMy iof BEQiIeN:hat, t3EQ |iRMHNPitdry2®efded tSk@s| BuNdo.to4 and
a pharmaceutically acceptable carrier.

the antibody response toward r47 protein. Alternatively, the

homology between serine protease and rd47 protein indicating a

potential protease activity associated with r47 which may result

in interference with HIV processing.

15 A search of the NCBI protein database for short, nearly exact
matches revealed a 1l0-amino-acid match (8 identical and 2
conserved) between the 0. tsutsugamushi Xarp strain 47kDa antigen
(accession number gi/1220501) 47 kDa and HIV envelope protein
(accession number gi/2250974) HIVgpl20.

20 Pattern: TLR+IVIN+K

Accordingly, the present inventive subject matter is directed
to a scrub typhus immunogenic composition comprising an r47
truncated proteiﬁ cf SEQ ID No.l, an r56 truncated protein
selected from the group consisting of SEQ ID No. 2, SEQ ID No. 3,

25 and SEQ ID No. 4 and a pharmaceutically acceptable carrier.

The present inventive subject matter is further still
directed to a method of treating a patient suffering from scrub

-typhus, the method comprising administering a pharmaceutically

effective dose of antibodies raised against the combination of the

3.




The present inventive subject matter is further still directed to a nethod
of treating a patient suffering fromscrub typhus, the né?ﬁﬁﬁ“@@ﬁﬁpﬁsing
adm ni st @i osgpee@7phar maceutically effective dose of anti pogiuses/rsarsed

agai nst the conbination of the 3 15 Decenber 2006 WD 03/096974

PCT/ US03/ 15072 5 truncated r47 protein of SEQID No. 1 and the truncated

rs protei n selected fromthe _group consisting of SEQ ID No._ 2, SEQ ID
% 9 B54NoPTr2tghy %\fpﬂgﬂ? nggém i dalig gé&eﬁr%%te%rﬁ%r

Alternatlvely, t he met hod may be conprised of the adm nistration of
ant i bR FLITLSeL@CEG4 ﬁ§?me’1:1?%eqr‘?‘+% FicEied PE7SER TReNAO 2+ RIS r56
protein. The present inventive subject matter further contenplates a
met hod¥d or3 |%ﬁﬁ@| AP Hosubjard agdiarracsytibalyphasceprppleigayrier.

adm nistering a pharmaceutically effective anount of a scrub typhus
vacci Heltermarigepyesthe hevkoed inay hbjasoprigeterfatse adnimhpmtteonan
assay for detecting antibodies to scrub typhus conprising obtaining a
sanpl e ff regvhidbodlabpecaised posdingt el tdenpltbet orndZated ot £7 nomsciae conpl enent
to an r56 assay in assay equi pnent selected fromthe group consisting of
ELUDSA phetcegeddebebbobt@Dnmat ri ces, and hand hel d chromat ographi ¢ and fl ow
t hrough assay devices. The present inventive subject matter further
cont enpl at @heapresent inventive subject matter further contemplates a
method for immunizing a subject against scrub typhus comprising
administering a pharmaceutically effective amount of a scrub
typhus vaccine.
15 ~ The present inventive subject matter also contemplates an
assay for detecting antibodies to scrub typhus comprising
obtaining a sample from a subject, exposing the sample to r47
protein as a complement to an r56 assay in assay equipment
selected from the group consisting of ELISA plates, dot-blot
20 matrices, and hand held chromatographic and flow through assay
devices.
The present inventive subject matter further contemplates a
treatment of an HIV patient which comprises a truncated r47
protein of SEQ ID No.l and a pharmaceutically acceptable carrier
25 which results in a reduction of the HIV viral load of an HIV
patient.
The present inventive subject also contemplates a treatment

of an HIV patient which comprises an r56 protein selected from the

group of SEQ ID No. 2, SEQ ID No. 3, SEQ and SEQ ID No. 4.
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treatnment of an H V patient which conprises a truncated r47_protein of SEQ
I D No.1 and a pharnmaceutically acceptable carrier 25 whi cH> Peesbes?0f 5
reducti owonds/bez4aH V viral |oad of an HV patient. The mpcedamsniisomventive
subj ect also contenplates a treatnment of an H'V patient which conprises an
r56 protein selected fromthe group of SEQID No. 2, SEQID No. 3, SEQ and
SEQ I D No. 4. -4 15 Decenber 2006 . WD 03/ 096974 PCT/ US03/ 15072 5 The
présent i nV&R PYESEDh) eRYeet YR s YRR I e Mt SR AP ENEE GRAnteRLafas:iafe

conprising a potential HV vaccine and a truncated r47 or r56 protein or
pr ot eifF Ve FIMGICHAE] 6AEPY heir®fa OHETordgditig vasaisehandf @ at e tad ra7
advantages wi || becone further apparent fromthe follow ng detail ed
descr it iTS% Prothén]or ppeckeein coluimationsefbedeatnt s, when read in
conjunction with the acconpanying exanples and nmade with reference to the
acconpanyi fige drzedogey dnd shichdn fvatwawer endoddvhaatagee wkllaideagpme
description and exanples are illustrative rather than [imtative, the
scope fofr thelre appesent fnwentheonfdidiowg rgetlienediby ddecappeiwted folthiens ' and
15 equival ents thereof. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is an
Se- PAGE seheliyngreber AR gnissiliciernfs , DiAepogdeag ifiotohhendtibicatiath 4hekDa
protein and digested plasmds; Fig. 2 is An SDS- PAGE showi ng the induction
of r4acpohibanying examples and made with reference to the accompanying

drawings. It should be understood that the detailed description

and examples are illustrative rather than limitative, the scope of

the present invention being defined by the appended claims ‘and

15 equivalents thereof.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an SDS-~-PAGE showing the PCR product of DNA coding

for the truncated 47-kDa protein and digested plasmids;

Fig. 2 is An SDS-PAGE showing the induction of r47 protein

20 with IPTG and fractionation of r47 from crude extract;

Fig. 3 is an SDS-PAGE showing fractionation of r47 protein

on DEAE anion exchange column (pH 8.0);

Fig. 4 is an SDS-PAGE showing fractionation of r47 protein

DEAE anion exchange column (pH 7.0);
25 . Fig. 5 is a Blast Search of r47 protein sequence; and

Fig. 6 is a chart comparing conserved domains among r47 and

serine proteases.




20 with I PTG and fractionation of r47 fromcrude extract; IS an
SDS- PAGE showi ng fractionation of r47 protein on DEAE anﬂBPegwgﬁhHE@
col um (o &/0§974Fi g. 4 is an SDS- PAGE showi ng fracti onatricaruses/1504¥ protein
DEAE ani on exchange columm (pH 7.0); 25 Fig. 5 is a Blast Search of r47
protein sequence; and Fig. 6 I's a chart conparing conserved donmai ns anong
r47 and serine _proteases. 15 Decenber 2006 WD 03/096974
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t yphus of tsutsugamushi disease is an acute, febrile disease caused by
i nfection WdrOrtgstiia bsUttsugamgahiish®. dilssdlssugasuahi data, Oredpiagat i ve
bacterium but has neither |ipopolysaccharide nor a peptidoglycan |ayer.

Ori entdida3@ atcRmsk atg hijgirevrVahi alh eni nokhehtiant Lgg 1595 Rhenprties. The
maj or surface protein of 0. tsutsuganushi is the variable 56-kDA protein.

Ser Ot Y&t RREushiMRAC! anal g Al i RSS! 0 YddeRlihh  RACT nid h 48 1f- KDA

protein. Al though sera fron1nnst patients wth scrub typhus recognize this

pr ot el ARk ALERE Bid! &l N é‘%tiéoﬁrfd@adg e5000t 20 o, 3493! U LhAY, POt h

56- kDA an proteins are good ca use ‘as |agno

:gbgg%}% aﬂ%'%hiﬂa%atﬁl%bggr”t’iﬂatth%qro‘caﬁt:hf’gseenlté""pBoB&%LE‘és.has »91%’%6%&3%:: use
surface protein of O. tsutsugamushi is the wvariable 56-kDA
protein. Serotype-specific monoclonal antibodies to Orientia
react with thé 56~-kDA protein. Although sera from most patients
with scrub typhus recognize this protein, another 47-kDA protein

15 1is also recognized, suggesting that both 56—EDA and 47-kba
proteins are good candidates for use as diagnostic antigens and
"that the combination of these two proteins has potential use as an
immunogenic composition.

In accordance with the present invention, there is generally

20  provided a scrub typhus immunogenic¢ composition comprising an r47
truncated protein of SEQ ID No.l1l, an r56 truncated protein; and a
pharmaceutically acceptable carrier.

The 47 kDa antigen is a membrane protein. In order to
produce a properly folded r47 protein in agqueous solution, its n-

25 terminus which contains the hydrophobic domain was truncated.
Forward primer SEQ ID NO. 5 and reverse primer, SEQ ID NO. 6, were
designed to amplify the gene segment of nucleotides 174-1481, SEQ
ID NO. 7. The amplified gene segment was cloned into pET24a

vector. The expressed protein sequence is in SEQ ID NO.1.

-6-




In accordance with the present invention, there is generall 20 prow ded a
scrub typhus i nmunogeni c conposition conprising an r47 Hﬁﬁ@ #196t ei n
of SEQ | WONB/02697an r56 truncated protein; and a phar naceatmrsaj/ismz
acceptable carrier. The 47 kDa antigen is a nenbrane protein. In order to
produce a properly folded r47 protein in aqueous solution, its n- 25
terninus whi ch cont ai ns the hydrophobi ¢ domain was truncated. Forward
priPner SEQ YD ayodimgngsr efekBe pryemtivesmuhimayomagtefer Ehe deskyned t o
anplify the gene segnent of nucleotides 174-1481, SEQ ID NO. 7. The

anpl i quéﬁllﬁer?@m%@wﬁtlcmgmm@h@bpm rfeay p@ﬂmse\/éélﬁoif“ThéUM@t%@sed
protein sequence is in SEQID NO 1. -6 15 Decenber 2006 WD 03/096974

PCT/ USB3I/CESQY 215 clombansbiiement sh ofne hef itheeficillewdnbj 866 hmtdeated he scrub
t yphus i nmunogeni ¢ conposition may conprise the r47 truncated protein in
conbi ratdtening it [SE@n&DofNot h2, f SEY ol Mip r 56 toruISEGt €0 Npr oL eamd;a SEQ | D No.
2, SEQID No. 3, or SEQID No. 4 and a pharmaceutically acceptable

carr i ggharhdedliNG1ANDaADM dNLISTdRATd KN ebhe opt i mum dose of the inmunogenic
conposition is contenplated to be .5-20 ng for humans and .5-2.5 ng for

pripmat es. DiGTNG sWparDRINOETRAEIdNMUNOgeni ¢ conposition is done
subcut anously. 15 The inventive subject matter al so provides an assay for
The optimum dose of the immunogenic composition is
contemplated to be .5-20 mg for humans and .5-2.5 mg for primates.
Administration of the immunogenic composition is done
subcutancusly.

15 The inventive subject matter also provides an assay for
detecting antibody to scrub typhus comprising obtaining a sample
from a subject, exposing the sample to a truncated rd47 protein as
represented in SEQ ID No. 1 in assay equipment. Such assay
egquipment may be selected from the group consisting of ELISA

20 plates, dot-blot matrices, and hand held chromatographic and flow

.through assay devices. Samples suitable for such assay methods
include blood, oral fluids and urine from which antibodies could
be detected and from which antigens could be detected by way of
1aboratory generated antibodies.

25 The inventive subject matter further comprise a method of
treating a patient suffering from scrub typhus, the method
comprising administering a pharmaceutically effective dose of

antibodies raised against the combination of truncated proteins of

SEQ ID No. 1 and the truncated r56 protein selected from the group

7-




detecting anti body to scrub typhus conprising obtaining a _sanple froma
subj ect, exposing the sanple to a truncated r47 protein ad’ Preppesi®ited in
SEQ | D Nwo dbiobéy7@assay equi prent. Such assay equi pnent nmegtheossbected from
the group consisting of ELISA 20 plates, dot-blot matrices, and hand held -
chromat ographic and flow through assay devices. Sanples suitable for such
assay nethods include blood, oral_fluids and urine fromwhich anti bodies

cotll d CmEIFEE-06t 8 aka TP M wh cPEhtiH&Rs coard BEQIER NRedt BRIy of

| aboratory generated antibodies. 25 The inventive subject matter further
conpr FY@regerksgadty eeeeptaiyler GO suffering from scrub typhus, the
nmet hod conprising adm nistering a pharnmaceutically effective dose of

ant i bodi es Thgi devenbavassulbircte grtitest i@dsocoronremedaees proteins of SEQ ID
No. 1 and the truncated r56 protein selected fromthe group -7 15 Decenber
2006 PWOroRLees974l PCRMMSHRY IG0 A5 treadinenicng £ oén SELY IBaNent2, SEQ | D No.
3 and SEQID No. 4 and a pharnmaceutically acceptable carrier. The

i nventiowgrighpgcantmibo@ieal sl ssahtagppinates arupbatedceds madteionpasi &i on
for treatnment of an HV patient conprising antibodies raised agai nst a

t nanc phedmabeupiohkly adckst ) phamrrdecutvheabliy adatpt st icar rdfetheher ei n
adm nistration of the conposition reduces the patients viral |oad. Such

H) uncabegospEQbRi REGIRYs bthes @ladlet sf afullheogaoupseesimliidiged SEQ ID
S.
proteins may be selected from the group consisting of SEQ ID Nos.
2-4 or combinations thereof. The dosing and administration are
the same as stated above for the immunogenic compositions.

15 The present inventive subject matter further contemplates a
treatment of an HIV patient which comprises antibodies raised
against a truncated rd47 protein selected from the group of SEQ ID
No.l and a pharmaceutically acceptable carrier which results in a
reduction of the HIV viral load of an HIV patient. Dosing and

20 administration are also as stated above for this emquiment.

The inventive subject matter also contemplates treatment of
an HIV patient which comprises administering a pharmaceutical
composition comprising antibodies raised against a combination of
an r47 truncated protein and a truncated r56 protein and a

25 pharmaceutically acceptable carrier to reduce the patients HIV
viral load. Dosing and administration are also as stated above
for this embodiment.

The inventive subject matter also contemplates an immunogenic

composition against HIV infection comprising a pharmaceutical

8




2-4 or conbinations thereof. The dosing and adm nistration_are  the same as
stated above for the i munogenic conpositions. 15 The preé%ﬁﬁmpﬁ?éwp§ve
subj ect watm@peofart her contenplates a treatnment of an HpETpati/BsOT2 Whi ch
conprises anti bodies raised against a truncated r47 protein selected from
the group of SEQID No.1 and a pharmaceutically acceptable carrier which
results in a reduction of the HV viral |load of an H 'V patient. Dosing and
205 adfiffiestinei 8nsar ef ARBIRRA A% 1A 5600821 BF Tt i STERERIREH. The

i nventive subject nmatter also contenplates treatnent of an H V patient

whi ch PEeFsinsesd adnt FERearehg 2P prrateatetti €8 IBolNpdsi21Honpri si ng
antibodi es rai sed agai nst a conbination of an r47 truncated protein and a
t r unc&OEYPinEEipnot eheremd. a DI igishewdc adninastyahteeprrdlas caatiedr to
reduce the patients HV viral |oad. Dosing and adm nistration are also as
st at egbalyevéoxrf bhis hemwbeddyeetitent . The inventive subject matter al so
contenpl ates an i nmunogeni ¢ conposition against HV infection conprising a
phar maceut ifbal f£oBldvpi i cerdgrl20@6e WD103L096DVd FPETYSR Y072 5 ef fective
dose of antibodies raised against a truncated r47 protein and a truncated
r36 preabeidimehtSEEE | fhdasnvehtd candindcapbi nat i odsbé hesreafruddaisng and

adm nistration are as stated above for this enbodi nent. The foll ow ng

- exanphemigtifigi thelsifwdn o ftHederr ed

EXAMPLES

EXAMPLE 1

Forward and reverse DNA primers (SEQ ID No. 5-6,
15 respectively) specific for 47-kba (accession no. L31934.1) were
. designed with BamH1l and NcoI (both from NEB) restriction sites and
used for PCR to amplify the gene coding for a truncated 47-kDa
protein using DNA purified from karp strain of O. tsutsugamushi.
The PCR product (insert) was ligated to plasmid pET24d (Novagen)
20  digested with BamHl and Ncol. The sequence of insert was
confirmed and the ligated plasmid was transformed into BL21 (DE3)
cells (Invitrogen). Colony containing ligated plasmid was grown
2YT medium and induced with 1mM of IPTG at 37°C for 3 h for protein
expression. To purify this expressed protein, 600 ml of B121(DE3)
25 cells were grown, induced, centrifuged and cell pellet was lysed
with 20 mM Tris-HCL({pH 8.0) containing 5 mM EDTA and 1 mM PMSF
:according to the method developed by Ching et al., Clin. Diag.
Lab. Immuno. 5, 519~-526, 1998. After ultrasonic disruption and

centrifugation, the expressed protein was mainly associated with

9.




10 enbodi nents of the invention and are not to be construed _as imting
the invention thereto. EXAMPLES EXAMPLE 1 Forward and re&ép§§m@ﬂﬂxﬁplners
(SEQ | D Weo.03H9674 15 respectively) specific for 47-kDa (aBCESSIIITOTO.
L31934.1) were designed with BamH and Ncol (both from NEB) restriction
sites and wused for PCR to anplify the gene coding for a truncated 47-kDa
protein using DNA purified fromkarp strain of O tsutsuganushi. The PCR
pr ddusupernstpnl vathetr gehanl inslpision BoPET24Ghinobeammlon oasi éemtbérwu th
BanHl and Ncol. The sequence of insert was confirnmed and the |igated
pIasnrdﬂﬁééeﬂrahshoan%@,@%QdeE®$0¢©E@?mb€en95lehQWtMDgﬁﬁﬁla@db@ny
containing ligated plasmd was grown 2YT nedi um and i nduced with 1nM of

| PTG atxcBaGgéeonsB8nd 20rmyproties mH &xpPr endi 8M. NGOl psal f yortadwdienéxpr essed
protein, 600 m of B121(DE3) 25 cells were grown, induced, centrifuged and
cel | pelgieennasldysEELCW t RDRRrmMtIvedy HCELpHBo it ardsaisipagahedVbEDTA and
1 mM PVMSF according to the nethod devel oped by Ching et al., din. D ag.

Lab.” bmmeng. ahioh l&xERéngd AingARemuUrt i 8SPRI T. 0li SidiM Macandalt
centrifugation, the expressed protein was nmainly associated with -9 - -----

- 10- - gradideRecentrs gOGeiMR10IR9GIYA BLTL UPP3A1O0 v éNgkRRRANt rat her
than i nclusion body. This fraction was further
analyzed with SDS-PAGE, and stained with coomassie blue to

identify the purity of each fraction. In some cases, different

fractions were poured together for the SDS-PAGE analysis.

The seguence homology of 47-kDa protein with other known
15 proteins was searched with standard BLAST method and the conserved
domain analysis of 47-kDa protein was analyzed using NCBI CDD
algorithm. (Figs. 5-6) In addition, proteins with similar domains
as 47-kDa protein were aligned together to analyze the conserved

amino acid sequence within the family.
20 RESULTS

The DNA coding for 47-kDa protein was successfully PCR
amplified using DNA purified from O. tsutsugamushi karp strain as
template-and primers designed specifically for this genes (Fig.
1l). The cloning of this PCR product into Pet24d(+) plasmid was

.25 - confirmed after digestion with BamH1l and NecoI (Fig. 1) and DNA

sequence was verified with a DNA sequencer.

Expression of the 47-kDa protein was observed after 3 h of

~ 1nM IPTG induction at 37°C (Fig. 2). The sequence of this

-10-




purified with a 30,000 MV cutoff menbrane foll ow by DEAF anion exchange
using 20 "M Tris pH 8.0 and 2M Nad salt gradient ~(Agil eht PEacgreridle)

Al t er nat walsygedrine protein was separated on a DEAE ani orCEASHEIBgE usi ng 20
mM Tris pH 7.0 and 2M NaCl salt 10 gradient. The protein eluted with salt
gradi ent was collected, analyzed with SDS-PAGE, and stained with coonassie
blue to identify the purity of each fraction. In some cases, different
fract idRTansed psaEedn vttt fgied e tEDBr PASER aRaEY_REer Thfd@fuence

hormol ogy of 47-kDa protein with other known 15 proteins was searched wth
st and&ca igeasPriranfogeriel fuma tdamse iied exgorasad aper el wis 4Ry protein
was anal yzed using NCBI CDD algorithm (Figs. 5-6) In addition, proteins
W th sissidcintddnuwibl susentiateds @idtegi theeferati gertr i Dymtiem t(Fianal yze

t he conserved amno acid sequence within the famly. 20 RESULTS The DNA
codi n@)f aratéhérk Bhapr atsbeiatasi stiddedsiclukyoRCBodangs | the dr 36 iprgp A
purified fromO0. tsutsuganushi karp strain as tenplate and priners

desi gneghosned biycahlyg feat d41hi s enespibsged Brotdite mdwrhéastodikitedPCR
product into Pet24d(+) plasmd was 25 confirmed after digestion with BanH

angd NeQlth( Ehg. ménboase DV ctSifl RAE thas adal t{ bLdo IV ddrarddM SagueECer .
Expression of the 47-kDa protein was observed after 3 h of 1nmMIPTG

I nducivp@ ) abpgébrs 8. irddrealte t3ROYAREE @hrihy Spuddfication procedure --- -
(data not shown). Part cf the supernatant containing r47 was
first purified with DEAE anion exchange on a HPLC using a Tris
buffer at pH 8.0 and protein was eluted with a NaCl gradient (up
15 to 0.8 mM) and the fractions were collected and analyzed with SDS-
PAGE (Fig. 3). The other part of the supernatant was purified
;with HPLC using a Tris buffer at pH 7.0 and eluted with a NaCl

gradient (up to 2 M). The resulted fractions were poured and

analyzed for r47 (Fig. 4).

20 The search of similarity of r47 with standard BLAST resulted
in homologues with various serine proteases (Fig. 5). When r47
was searched against protein conserved domain database maintained
by NCBI, a trypsin-like (77.7% of the conserved domain region (217
residues) was aligned) and PDZ domain (73.3% of the conserved

25 domain region (86 residues) was aligned) were identified. These
two domains were also associate with different serine proteases

(Fig. 6).
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15 Decenber 2006 WO 03/096974 PCT/[ 1503/ 15072 5 expressed ﬁr otein

confirmed with protein sequencer. (After sonication and ?‘?CP’IbErg?Q’P‘? on,

t he exprwssB@s@rotein was mainly associated with supernacwtsosafstmr t he
first centrifugation (Fig. 2) rather than associated with inclusion body
as the r56 protein reported by Ching et al. The expressed protein may be
associ ated 10 with the nenbrane fraction and the addition of detergent (1%
of N%Mpéﬁpéars to increase the yield during purification procedure
(data not shown). Part of the supernatant containing r47 was first

puri f ixSSESSMENDESE mmmmmmmmGEbngranfmmzm &6 &papH 8.0

and protein.was eluted with a Na radi ent égg 15 to nd the
fract iFOYSEAE, ERQ%I?%QW%WWW&f% tH € I%&oﬁl I'—‘]"QT %7. ot her
part Gfcrioee ryvRes NairprdenNgS purified wth HPLC using a Tris buffer at pH
7.0 and eluted with a NaCl gradient (up to 2 M. The resulted fractions

were poured and analyzed for r47 (Fig. 4). 20 The search of simlarity of
r47 with standard BLAST resulted in honologues with various serine
plBt edeeorfeirgto53sséfethel brovestivar elfidcagaf ns? 6 pad ef4V corededned domai n
dat abase maintained by NCBI, a trypsin-like (77.7% of the conserved donain
regi omgedhdt ipfecubs), wascalwigriedecansePRErdingi doddsS. 80016 tanel cdfAser ved
25 donmain region (86 residues) was aligned) were identified. These two
donai powedin abmpomssiori fatam wieh Kdirbf ereainsesimee ptiod easemi zgkign 6) .
with 25 ug or 2 ug of r56 in mice showed a protective role in our
previocus experiments (Annual Report J2_00_NMRC), we will use the
15 same doses for testing r56 in the present study. For the r47
proteins, we do not know the optimum doses, but we will start with
two dosages of 5 ug and 25 ug at this time. Alum and CpG will be
used as adjuvants at the ratio of protein: Al +3: CpG =1: 25: 10.
Alum has been approved for human use for a long time. Vaccines
20 prepared by antigens adsorbed onto alhydrogel have several
advantages. The antigenic content is easier to standardize and the
vaccine has good stability. Alhydogel adsorbed antigens are simple
and more convenient to use. In addition, the degree of local
reaction following immunization is reduced. CpG induces a Thl-like
25 pattern of cytokine production dominated by IL-12 and IFN-gamma
with little secretion of Th2 cytokines.
Female CD1 mice, 4 to 5 weeks old, 13 to 15 grams in weight, will
be purchased from Charles River Laboratories (Wilmington, MA.).

Each Study includes 5-7 groups of mice. A minimum of 15-20 mice is

30 needed to down select the 20% difference in protective efficacy at
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11 15 Decenber 2006 WD 03/096974 PCT/ US03/ 15072 5 EXAMPLE 2 ASSESSMVENT OF
HOMOLOGOUS PROTECTI ON | NDUCED BY RECOMBI NANT 56 kDa PROTEY Reqerbm 2666 ENTI A
TSUTSUGAVIgSIBlinodets COVBI NATI ON W TH 47 kDa SCRUB TYPHUS AbGFi/GE#NASIR | n order
to assess the protective effect of r56 and r47 proteins against infection,
mce will receive varying doses of r56 and r47 protein conponents fromthe
Karp rai_n. ce the with_.25 ug.or 2 of .56 i.n m ce
émeé%_gﬁgoF Ef%% ?%I% o FC pP%@FBugf Q%eﬁfﬁ%ﬁfﬁﬂgﬁhndﬁF“ﬁ66851
J2 00 t he .15 doses.for testl ng r56 in the present
study® ﬁ‘orz"i‘ﬁg Flae) 5?)%‘6?%3&“% g%HBt Skndl FATPHR T I EdTes 4 but we wil |
start with two dosages of 5 ug and 25 ug at this time. Al um,and CpG\MII
be uéBYigenagyresRht O%ltttiené‘ergé‘ttllé’eofzoﬁl;ﬁ?%l groups 4315 @geyilisbe1g  Alum
has been _approved for. human use for a long_ time. Vaccines 20 prepared by
ant i g6R313a8erBed WoRlES AT Ggel 5h5‘\3"ées‘éi‘/Ha1Pe RREN RS foThe anti geni ¢
content is easier to standardize and the vaccine has good stability.
Al hydogesundser Beeebhtirgamse sespongpherightl hefere iefge-to use. In
addition, the degree of local reaction follow ng i mmunization is reduced.
Cp&G | Peeeied Fhpetrithentfls deatibmsn of cyt oki ne production domi nated by
IL-12 and IFNFNgamma with [ittle secretion of Th2 cytokines. Femal e CD1
m ce, S#utly b (Segkeumd)d; 13 to 15 grams in weight, wll

1. Negative control: PBS only

2. 25 ug of r56 only
3. 25 ug of 47 kDa only
15 Study 2 (7 groups):

1. Negative controls: the same as the group 1 in Study 1
2. 25 ug of r56, plus 5 ug of 47 kDa
3. 25 ug of r56, plus 25 ug of 47 kDa

20 study 3 (5 groups):

1. Negative control: PBS only
2. 2 ug of r56 only
4, 3. 4.2 ug of 47 kDa only

25 S8tudy 4 (7 groups):

1. Negative controls: the same as the group 1 in Study 1
2. 2 ug of r56, plus 5 ug of 47 kDa
3. 2 ug of r56, plus 2 ug of 47 kbDa

30
3) Monitoring the Inmune Response:

{(a)} Antibody Detection: Mouse sera will be drawn immediately
before immunization and before challenge. Each serum sample will
be assayed in duplicate by enzyme-linked immunosorbent assay

35 (ELLISA) for antibodies against each antigen. Anti-mouse IgG and

IgM peroxidase-labeled conjugate (Boehringer-Mannheim,

13-




be purchased from Charles R ver Laboratories (WImngton, MA. ). Each Study
i ncl udes 5-7 groups of mice. A mininumof 15-20 mice is 36° RESHPEr 1096 down
sel ect tWO @09%9d4fference in protective efficacy at - 12rabBuBexsatzer 2006
WD 03/ 096974 PCT/ US03/ 15072 5 80-85% confi dence | evel. Each group of 20
mce will be imunized i.m with the 56 kDa antigen alone or in
conbination with r47 antigen except for the negative control groups. 15
mte wWhffiapgpothal | BRgetild Resckesk8ter and 5 mice will be sacrificed for
measuring T-cell immune responses right before challenge. 10 Detail ed
experinmental designs: Study 1(5 groups): 1. Negative control: PBS only 2.
25 ug (b} £86obhhy FtaFipy éh §PriMa S¥Eokinss frany beany sgugips) : 1.

POt GaTaTLaLL ia) RS IRLESIRS1 U Lol A g che 9008 05,50
gr oupsymufie Negatatiore dhtrioly: iBBSanmbyiod. IDFNigrapima Sdolily-44ax8. 4.2 ug of
4ﬁ)ktgy gLYne§5fg¥L¥h&‘%A57T%5O%giié, respectively. For many
intracellular infections, IL-12 may induce Thl response, i.e. IFN-
gamma production. The levels of IFN gamma and IL-2 were elevated in
spleen mononuclear cells from 56 kDa immunized mice. Increased IFN
was also detected in spleen cells and lymph nodes cells from mice
15 chronically infected with Orientia. It was noted that Orientia was
susceptible to INF gamma in cultured mouse cells. In the sera of
patients with scrub typhus infection, the levels of G-CSF, M-CSF,
IFN gamma, and TNF alpha were up regulated. Mice blood will be
drawn in heparin before immunization, 2, 4, 6, 8,10, 15,and 30
20 days after immunization. Sera samples will be assayved in duplicate
for cytokine levels of IFN gamma, TNF alpha, IL-4, IL-12, G-
CSF,and M-CSF.

(c} Cytokine production by antigen specific T-cells: Spleen

25 mononuclear cells (SMNC), stimulated by recombinant antigens, will
be monitored for the productions of IFN gamma and IL-2 at day 1,
2, and 3 post stimulation. The cells will be isolated by Ficoll-
Hypaque (Pharmacia, Uppsala, Sweden) density gradient
centrifugation. After washing, the cells will be resuspended to a

30 concentration of 5x 10E6 per ml in warm RPMI-10, and 100 ul will

_ be distributed in each well of a 96-well plate as described.

Following incubation with corresponding recombinant antigens,
culture supernatants will be collected and used in cytokine
assays. The supernatants from triplicate SMNC cultures will be

35 pooled, and all samples will be assayed in triplicate. IL-2
activity in the supernatants from antigen-stimulated SMNC will be

tested for its ability to support growth of IL-2-dependent CTLL-2
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1. Negative controls: the same as the group 1 in Study 1 of r56,
plus 5 ug of 47 kDa 3. 2 ug of r56, plus 2 ug of 47 kDa ééDﬁ‘imléﬁrrﬂG%rl ng
t he | nnuw® R@sgpamse: (a) Anti body Detection: Muse sera wecitiusheisdrawn

i mmedi ately before i munization and before chall enge. Each serum sanpl e
will be assayed in duplicate by enzyne-linked i nmunosor bent assay 35
(ELI SA) for ,antibodi es agai nst each _antigen. Anti-nouse I G and

pePoxiadé- FRpEhedrEsRpRcRt e (@Yetrilnde AlRAAY A1 1B1L: 15 Dé?f:/éﬁ%er 2’@'06 WO
03/ 0969#4 oBehUgRa/ 38042 ohd Ndh@aPelilis, bleN}neWs{ﬂfeéeb)P esh Sne (InK4 Oki ne

detection in serum Cytoki nes have been studied ?/SI ol ogi cal ly and
pat holigga@sPy benthagsap st offanrmeo| Eositen., | ¥adae r@rg@maﬁrw\ thurthey

i nf | agpal tu'fgt'&tu#_;gy - gaie,: A | 'ans1 g %I’Iﬁl ]andC)éb@kaﬁsf‘ﬁ{Jig rray Hletboc ci(:%l s,

respectively many 1 ntrace I nf ecti ons

respodegerinige WENchgfaahbs prod potadme inghé heeept ek ofted ANs raanMRCEnd | L-2 were

el;gvated i n n I ear. | l.s fr 56 K | muni zed m ce. |ncreased
I'lﬁl vi‘/glsregltsﬁg Ee gD nﬂs:pefné{en%qtl S an ﬁghodes cells frommce 15

chronically i nfected W|th Oientia. It was noted that Orientia was

susceptlb

ot B opTes Srnbar BT e e, o araetopellperomy st B4 Brlpa Bl ! o0t S

as descrlbed above. After the stimulation by dlfferent amounts of

recombinant protein or Orientia Karp, the cultures will be

15 incubated at 37C for 72 h under a humidified atmosphere of 5% CO02.
A total of 1 uCi of [3H] thymidine will be added to each well for
the another 18 h of culture. Cells will be harvested onto glass
fiber filter strips, and incorporation of [3H] thymidine will be
counted in a licuid scintillation counter.

20

PROPHETIC EXAMPLE 3

Prbphetic examples for the treatment of HIV patient to reduce the
25 wirus load with immunoglobulins from subjects immunized by the

immunogenic composition.

There is no animal model for HIV infection at the present time.
However, transgenic mice carrying the human CD-4 gene can be

30 infected by HIV. This type of mice will be used in the following

experiments:

Mice will be infected with HIV. Two months later, one group of
- mice will be treated with hyper immune plasma from the same type
35 of mice immunized by the said immunogenic composition (group 1).
Another group of mice will be treated with normal plasma to serve
as the control group (group 2). Blcood will be drawn f£rom both

groups at one week interval for four times. The HIV load in the

_15_




| FN ganma, and TNF al pha were up regulated. Mce blood will be drawn in
heparin before inmmnization, 2, 4, 6, 8,10, 15,and 30 20 da}eceqperi006

i Muni zawioan09sser a sanples will be assayed in duplicate péEDUSEYyISORI Ne

| evel s of I FN gamma, TNF al pha, IL-4, 1L-12, G CSF,and M CSF. (c) Cytokine
production by antigen specific T-cells: Spleen 25 nononuclear cells (SMNC),
stinul ated by reconbi nant antigens, will be nonitored for the productions
of 5 | FMlgadnuibhded lavmndti tddpdl by Zeadndlime pBfek. Reaulta ifeieom meusells wil |
be isgl b I - r¥g? e,( Pha i ' J el i

gr adi ‘g’%?aggﬁtéf{?lj%%g cli otn. gl r zwgghl&%?ga?ht %é{ggﬁlq{s@v{\% |1 %?a% gggg%e%éd{% to a
30 cobgehheabyper ofmibrnel @HGsper M in warm RPM -10, and 100 ul will be
distributed in each well of a 96-well|l plate as described. Follow ng

i ncubation with correspondi ng reconbi nant antigens, culture supernatants
will benoLtsmdss and used in cytokine assays. The supernatants from
t{gplicate SMNC cultures will be 35 pooled, and all sanples wll|l be assayed
in triplicehe. cilncataCdAikDg EBOEE@ﬂ&H@@ré@é@éﬁsﬁftﬂrlw%ieﬁeanati mul at ed
SWC will be tested for its ability to support growth of IL-2-dependent

CTLL- 8yerddpies {8 P @200 11 W0 034096944 B/ Lr0fein ¢85! Sotn the
presence of anti-IL-4 antibody (IIBIl; 10 ug/m). For [INF-ganma and |L-4,

the |eyelgowidy &ggﬁ;&fﬁaﬁmasnaﬁae@%{ﬁ&tﬂmﬁfmt assay kit

(Genzyne, Boston, according to

complicated. The addition of detergent increased the amount of

15 . r47 suggesting the association of protein with membrane fraction.
Although dialysis of crude extract with 25,000 MW cutoff offered
some purification and further purification using pH 8.0 or pH 7.0
buffer and salt gradient on an anion exchange column resulted in
further purification, the protein was not yet fully purified. The

20 pI of rd47 was predicted to be 8.2 and suggested a cation exchange
is more suitable for purification. Experiments will continue to
purify r47 with cation eéxchange followed by gel filtration to

achieve desired purity.

25
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manuf acturer's instructions. CD4 and CD8 cells will be selected to
determ ne which cells are producing the cytokines using VATReeembgy 3996 ¢
M cr oBead® @Mob47ényi Bi ot ec, Auburn CA). (d) Proliferati PETUS8HRIZE oOf
spleen cells: SMNC will be prepared as described above. After the
stinmulation by different anmounts of reconbinant protein or Orientia Karp,
the cultures will be 15 incubated at 37C for 72 h under a humdified
at Afosphere of 5% C02. A total of 1 ud of {SH] thym dine will be added to
each well for the another 18 SEQUENGELISTING||s will be harvested onto
glass fiber filter strips, and incorporation of [3H thymdine will be
counted in a liquid scintillation counter. 20 PROPHETI C EXAMPLE 3 Prophetic
-exanples for the treatnment of HV patient to reduce the 25 virus load with
i MouNSGE@PINons: TrumatdBretchsSdgwonee ofad7 Pyoteive | Mmunogeni ¢ conposi ti on.
Ther e Bxpresdpthintaled prodeth séquendel(varishiteidrom N84 43thef [N & sajiends], balded However ,
t r ans gequieice W & ofififnied YON-tdimifaUp@Riidgde@aize can be 30 infected by H V.
This type of mce will be used in the following experinments: Mce will be
i nf ectygUNSLEDIVEBLISTW VEPYA DB TG BIFNNICRS K VHL GG D6 G Y TWENENORA ed
U @m&mmgd@mm%m&dmmqmm mfcmﬁeswmmvmebwt he
sald. 'Wcﬁss ROMENeVTE PMIEIQUEG RTIGIN STV Y4
- treat éﬁ* LB ﬁﬁzli@MiﬁWLNEETP ENERT B RIS REVL B P AA Bl ood -
W B TGRDLQVAVSSTMLNSEREVELLRNGKSMTLKCKIIANKGEDS
' EQQSNDQSLVVNGVKFVDLTPDLVKKYNITSANNNGLFVLEVSPNSSWGRYGLKMGLRPR

20 DILSVKRDDNKKDISVKTLREIVTNIKHNEIFFTV QRGDRMLYIALPNINK

Protein sequence data output (only N-terminal):

MVNSLSDIVEPLISTVV
25
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groups at one week interval for four tinmes. The HHV load in_the -15 -
-------------------------------------- 15 Decenbed? Poerpbeyg§os
03/ 0969 My ORBMNEITH3/ 15072 5 bl ood will be quantitated by pediusbirizersPCR
Results fromgroup 1 wll be conpared to group 2 to denonstrate the
dereased virus load by the hyper immune plasnma. CONCLUSIONS 10 The
truncated 47-kDa protein was successfully cloned and overexpressed in BL21
cebl s SEXhED doe: adpPestsindKprp(@iingivas not in the inclusion body making the
puri f Thatodirmed sepeuedor 156 bp Chowt(eninoTasl 80d4ii6).iThe cofreatiat sergrne isi ncr eased
t he ahighiightod akbuirdédinediggest i ng t he associ ation of protein with nmenbrane
fraction. Although dialysis of crude extract with 25,000 MV cutoff offered
sone MIMIfA P& FeA &1 VIVBhET PITI A QCABE PG KIYiKe PN BGE WK pH 5. VG G& f er
ang s@ A FIrR# B FtK RIT BP (8P TIM XS BAGER TOF GTD [ ENIRGUQAQAAQPPEN D E
puri f LRI AMA RUNESWOL REICARED YOR WRIN PW DY Rt PM 9N Phe. 28 1 Q@ NIP47 was
predi g p& X P BRA Rt AUGFSST AN & £ & WOOHEXORARICA A B SRIENI PRk for
puri f heRly PR p RPPHIIFES TS MH | A0811W 4D VP DRW L PN S sW Elh FGN RMexchange
fol I opgdnNgy 1 96k BT RE $F'P8 ¥ £ 6 AR NeT3 EN RY MPQFR 3B QG QGO

15 QQQOAQATAQEAVAAAAVRLLNGNDQIAQLYKDLVKLQRHAGIK

 KAMEKLAAQQEEDAKNQGEGDCKQQQGTSEKSKKGKDKEAEFD

- LSMIVGQVKLYADVMITESVSI

PI=35.8,

20 MW 40903, 377 a.a.
Extinction coefficient Azg=0.754 (1 mg/ml)
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15 Decenber 2006 WD 03/096974 PCT/ US03/ 15072 5 SEQUENCE LI EC[I NG 10 SEQ ID
No. 1: Truncated Protein Sequence of r47 Protein Expressed? Xrrentdos
protei n ¥OI®ER4 (transl ated from 184-1458 of DNA sequen®€T/used/thath
sequence was confirnmed by N-term nal protein sequencing) MNSLSDI VEPLI STV
VSI YAVDTNI G SFNNKV SKYQQEVFLGSGVI | DSSGYlI VTNENVI A 15
GAENI KVKLHDGSEL | AELVGSDNKI NI ALLKI NSPAAL SYATFGDSNQSRVGDQVI Al GSPF GLRGT
VTRIG PESKEPDNeNG? VTER? direteinBSeuspoentBakr) G NSI HV SYSG SF Al PSNTV LEA
VECL KREBKPRRGMLN VRENERITFE | iped. KEBONEYE| #8VI KEGS AA
QCG AMEIVMEREFPKES KFSFRT 3 \BANELSOFICNSERETERKARCRERN KIRIE AYRGDBSDAG
EQQSNSEERUPYNGYKFVDL TPDLVKKYNI TSANNNGLFVLEVSPNSS WERYGLKMGLRPR 20
Dl | L SYPKRCDNRRG BYRAPGERAE NWGRNLANVE/ AERERRVEGS APADIRSCHDD (RMBQRYEGE®NCe
ddfa ®QPEIMPESEIy N-ternminal): MUNSLSDI VEPLI STV V 25 -17 - ------memuo---
15 DeDRDEGVRTEONVEEEERNIY AXONL.GAGDIESB3PDBITELE IPEAGVIYMVE DPNNFPRARERVOt ei n
Karp GENLAYLPB®Ge confirnmed sequence for r56 by Ching (am no acid 80-456).
The ceErNANPRJAMCQRPESTENHDH WRHIVIVGIITAC MSHANKDPSVIR r PIENGEER TV (QIARPVERPFAR A E |
GV MrvabBrEvBsb TAQVEEGKVKADSVGETKADSVGGK
15 PLPNSASVEQ IQNKMQELND ILDEIRDSFD GCIGGNAFAN QIQLNFRIPQ AQQQGQGQQQ
QOAQATAQEA
AAAAAVRVLN NNDQIIKLYK DLVKLKRHAG IKKAMEELAA QDGGCNGGGD NEKKRGASED
SDAGGASKGG
KGKETKETEF DLSMIVGQVK LYADLFTTES FSIYAGLGAG LAYTSGKIDG VDIKANTGMV
20 ASGALGVAIN
AAEGVYVDIE GSYMHSFSKI EEKYSINPLM ASFGVRYNF
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10 DAPI RKRFKLTPPQPTI MPI SI AVRDFG DI PNI PQQQAQAAQPQLNDE
QRAAARI AW_KNCAG DYRVKNPNDPNGPMVI NPI LLNI PQGNP 15 December 2006
NPVGNPPQRAONBRAGFAl HNHEQARHLVWGLAALSNANKPSASP  V K V L S Briukesfis@2 Y S D |

KHLADI AGI DVPDTSLPNSASVEQI QNKMQ ELNDLLE
ELRESFD GYLGGNAFANQI QLNFVMPQQAQQQGQGAOQ 15
QQQAQATAQEAVAAAAVRL LNGNDQ AQLYKDLVKLORHAG K KA MEKL AAQQEED A K
NOGEGDCKQQQGTSEKSKKGKDKEAEFD LSMI VGQVK
L Y ASBQ/IP NoT &:Sc5%6 Protmin (Bigdliam) MV 40903, 377 a.a. Extinction

coef f >GidAtam283=0sFGderide ngimier - B8 152BDesenber 2006 WO 03/ 096974
PCT/ UBEBIMEAAZASMSELSLEF fo . SAAELCHEGEr DECGRYSEYE eIECNICRAY STREMSFDS8guence
numbeGKEHIS2®Tas MKKI MLl ASA MSALSLPFSA SAl ELGDEGG LECGPYAKVG WGG\/I TGVE
STRL DPAPAGTLEKEQUPLAHGEF M GEMMYARNYS| ARCERSEGK GGG DY B
DADI REE&REPPOYPERYKLTP 10 PQPTI MPI SI ADRDLGVDI P NVPQGGANHL GDNLGANDI R
RADDRITHIL S TSRS\ XvED TIRNMNRPGAS 0¥ o r iV kb Rk RORST Atk NARIRR o vl OipipiikdiPiar
VWRHL W@iBA L ANKPSVS Pl KVLSEKI V' Q YRDVKPFA RVAGQ EVPSD 15 PLPNSASVEQ
I NKMgeipiiigvh pRE| Rbiphbx K¥sid Wi vaval AEE RGk A st DRI TRIYSDIKPF
15 ADIAGIDVED
TGLPNSASVE QIQSKMQELN DVLEDLRDSF DGYMGNAFAN QIQLNFVMPQ QAQQQQGQGO
QOOAQATAQE
- AVAAAAVRLL NGNDQIAQLY KDLVEKLQRHA GVKKAMEKLA AQQEEDAKNQ GEGDCKQQQG
ASEKSKEGKG
20 KETEFDLSMI VGQVKLYADI: FTTESFSIYA GVGAGLAHTY GKIDDKDIKG HTGMVASGAL
GVATINAAEGV .
YVDLEGSYMH SFSKIEEKYS INPLMASVGV RYNF

-20-




QQAQATAQEA AAA AVRVLN NNDQ | KLYK DLVKLKRHAG | KKAVEELAA QDGGCNGGGD
NKKKRGASED SDAGGASKGG KGKETKETEF DLSM VGQVK LYADLFTTESFSHYRegceagkey 2006
LAYTSCKIRG 0SDP6IANTGW 20 ASGALGVAI N AAEGVYVDI E GSYNHSFSKCT/ERKYSD IPL M
ASFGVRYNF  -19 - ---------- 15 December 2006 WD 03/ 096974 PCT/ US03/ 15072 5
SEQ ID No. 4: r56 Protein (Glliam >GI1liam sequence nunber 25 524 as
MKKI MLI ASA MBALSLPFSA SAl ELGEEGG LECGPYGKVG | VGGM TGAE STRLDSTDSE
GKKHL 8HTEGSet® L PFGGTLAAG MTI APGFRAE LGVNYLRNI S AEVEVGKGKY DSKGEI KADS
GGGTDTPI RK  RFKLTPPQPT | MPI S| ADRD VGVDTDI LAQ AAAGQPQLTV EQRAADRI AW
LKNYAG BRaws@dnp@poMeNAR VI NPVLLNI T QGPPNVQPRP RQNLDI LDHG QARHLWWGVT
ALSHANKPSV TPVKVLSDKI TKI YSDI KPF 15 ADI AG DVPD TGLPNSASVE Q QSKMQELN
DVL ED(RRSH 2DGTHEMAFAN g6leGediRudd?Q QAQQOLGOGY QQQAQATAQE AVAAAAVRLL
NGNDQXAQLY KDLVKLQRHA GVKKAMEKLA AQQEEDAKNQ GEGDCKQQQG ASEKSKEGKG

5’-tatgcat aCCATGGtaa atagtttatc tgat-3° (SEQ ID No. 5)

Nco I site

b. Reverse Primers:;

Gene sequence of 1443-1477 as target, 35 bp

5-cgectGGATCC tagatttacttattaatattaggt-3’
BamH! site

(SEQ ID No. 6)

._21_




20 KETEFDLSM VGQVKLYADL FTTESFSI YA GVGAGLAHTY GKI DDKDI KG. HTGWASGAL

GVAI NAAEGV YVDLEGSYMH SFSKI EEKYS | NPLMASVGV RYNF - 20 - - - 13 December 2006 . 15
Deceinberwd@3/@9coV0 03/ 096974 PCT/ US03/ 15072 Primer sets acr/ﬁsmswaoﬂ priners:
Gene (125-174 as target gene sequence) 5 -tatgcat aCCATGG aa atagtttatc
tgat-3'" (SEQID No. 5 Nco | site b. Reverse Prinmers: Cene sequence of
1443- 1477 as target, 35 bp 5'-cgcct GGATCC tagatttacttattaatattaggt-3'
BarnH site (SEQ ID No. 6) -21 15 Decenber 2006 WO 03/096974

PCT/ USE8) (SN0R 7SECR|labpNBed fequBl(dR: enpid&lim dExpagseameA sdqidnd<d BY- n158 nbapr essed
DNA segumsacte ¢Sding#bdnd bolds 42-466. the coding region is bold. 174
tatgcat 181 att atg gtaa atagtttate tgatatagtt gagccattaa tatctacagt

agt aa Wﬁatg@a‘/fl tatgctgtag atactaacat tggtattagt tttaataata aggtatctaa

gt at c3&33%y atg gtaa atagtttate tgatatagtt gageeattaa tatctacagt agtaagtatt
241 tatgctgtag atactaacat tggtattagt tttaataata aggtatctaa gtatcageaa
301 gaagtgttct taggttctgg ggttatcatt gatagttetg getatattgt tactaatgag
361 aatgtiatag caggagctga aaatataaaa gtaaagttge atgatggtte agaactcata
421 gcagaattag ttggtagtga caataaaatt aatatagett tattaaaaat taattcteca
481 gcagcattat cttatgcgac tittggcgac tcaaatcagt ctagagtagg agatcaggtt
541 attgcaatag gaagtccttt tggtttaaga ggaacagtaa caaatggeat tatttctict
601 aaaggaccag atatgggtaa cggeatagta actgatttta ttcaaactaa tgetgctatt
661 catatgggta getttggtgg accgatgtit aatcttgaag gaaaaattat tggaattaat
721 tecattcacg tatcttactc aggcataagt tttgctattc catctaatac tgtacttgaa
781 gcagttgaat gettaaaaaa aggagaaaaa attegtegtg gtatgttaaa tgttatgett
841 aatgaattaa ctccagaatt aaatgagaat ttaggactta aacaagatca aaatggagtt
901 ctaataactg aagttataaa agaaggatct gecagcacaat gtggaattge tectggagat
961 gtaattacta.aatttcatga taaagagatc aaaacaggga gagatttaca ggtagetgta
1021 tcttcaacta tgettaattc tgaaagagaa gtigagettt tacgtaatgg taagtegatg
1081 actctaaaat gtaaaattat tgccaacaaa ggtgaggata gtgageaaca aagtaatgat
1141 caaagccttg tggttaatgg tgtaaaattt gitgatcita cacctgattt agtgaagaaa
1201 tataatatta cticagctaa taataatggg ttatttgtce ttgaagttic gectaactet

- 1261 tettggggga gatatggtit aaaaatggge ctaagaccta gagatataat tttatcagtt

1321 aaacgtgatg ataataaaaa agatatttict gttaaaacte taagagaaat agtgacaaat
1381 ataaagcata atgaaatttt ctttacagtg caaagaggag atagaatgct ttacattgct
1441 ttacctaata ttaataag ta aatctagtit aaaggcgatt t
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301 gaagtgttct taggttctgg ggttatcatt gatagttctg ggtatattgt tact aatz%ag 361
aatgttatag caggagct ga aaat at aaaa gtaaagttgc atgatggttc agé%l?ﬁ@albar 45 1
gcagaat t v @3togepragt ga caat aaaatt aatatagctt tattaaaaat taariséxszarz 481
gcagcattat cttatgcgac ttttggcgac tcaaatcagt ctagagtagg agatcaggtt 541
attgcaatag gaagtccttt tggtttaaga ggaacagtaa caaatggcat tatttcttct 601
aaaggaccag atatgggtaa cggcatagta actgatttta ttcaaactaa tgctgctatt 661
catatgggta gctttggtgg accgatgttt aatcttgaag gaaaaattat tggaattaat 721
tccattcacg tatcttactc aggcataagt tttgctattc catctaatac tgtacttgaa 781
gcagt t gaat G @ysaEavEgFubIeah el tTytRegry Gtaegfeasaibett atgitil! &a
aatgaattaa ctccagaatt aaatgagaat ttaggactta aacaagatca aaatggagtt 901
ct aat AP Fhedt £88 S§RGGHRY dPe JEHgEst 48 Mghygwarsgc Seek gragationsl
gtaattacta aatttcatga taaagagatc aaaacaggga gagatttaca ggtagctgta 1021
t ctt caane aatgdit ket regeydedgagan RRaydyde froac §haaspyribaand gatape ©FS1
act ct aaaat gtaaaattat tgccaacaaa ggtgaggata gtgagcaaca aagtaatgat 1141
caaagddte griviggitizet gybti gchamat ter gtamghtadilt suchcombdafitatgdynagaaa 1201
tataatatta cttaagctaa taataatggg ttatttgtcc ttgaagtttc gcctaactct 1261
t ct t ggoggomdyat abgbet Wwiahdaatlgy gradaagactica foadatvahgatlsimat cagtt 1321
aaacgtgatg at aat aamaaa agatatttct gttaaaactc taagagaaat agtgacaaat 1381
at aaagcata atgaaatttt ctttacagtg caaagaggag atagaatgct ttacattgct 1441
ttacctaata ttaataag to aatctagttt aaaggcgatt t 22 15 Decenber 2006 WO
03/ 096974 PCT/ US03/ 15072 The inventive subject matter being thus described,
it wll be obvious that the sane may be varied in many ways. Such.
vari ations _
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are not to be regarded as a departure fromthe spirit and_scope_ of th

i nventive subject matter, and all such nodifications are F%P@WH@61¥@6be

wi thin the scope of the follomjng claims. -23 15 Decenber 2006 dains: 1.
A scrub typhus i munogeni ¢ conposition conprising: an r47 truncated
protein; an r56 truncated protein; and a pharmaceutically acceptable
carrier. 2. The conposition of claim1, wherein said r47 truncated protein
is SEQID NO 1. 3. The conposition of claiml1l, wherein said r56 truncated
protein |s sel ected fromthe group consisting of SEQ ID NGCs. 2-4. 4. The
corrposqlﬁ *of claiml1l, wherein said r56 truncated protein is any two
proteins selected fronlthe group consisting of SEQID NGs. 2-4. 5. The
vacci ne of claim1, wherein said r56 truncated protein conprises SEQID
NGs. 2-4. 6. A use a pharmaceutically effective dose of  anti bodi es raised
agai ndt- t h@ E6XBPNEYPRRS oFMBURGIATHA SPTRPPLEAENe FRNBAHSENY t r uncat ed 156
protein in the manufacture of a nedicanment for treating a patient
suffering from s&uBapsREed profagngse of claim6, wherein said dose is
sui table for

an rb56 truncated protein; and
a pha:maceutically acceptable carrier.

2. The composition of c¢laim 1, wherein said r47 truncated
protein is SEQ ID NO.1.

3. The composition of claim 1, wherein said r56 truncated
prqtein is selected from the group consisting of SEQ ID NOs.
2-4.

4, The -composition of claim 1, wherein said r56 truncated
protein is any two proteins selected from the group
consisting of SEQ ID NOs. 2-4.

5. The vaccine of claim 1, wherein said r56 truncated protein
comprises SEQ ID NOs. 2-4.

6. A use a pharmaceutically effective dose of antibodies raised
against the combination of a truncated r47 protein and a

truncated r56 protein in the manufacture of a medicament for

treating a patient suffering from scrub typhus.

7. The use of claim 6, wherein said dose is suitable for
subcutaneocus administration.

8. The use of claim 6, wherein said r47 truncated protein is

SEQ ID NO.1.
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subcut.aneous adm nistration. 8 The use of claim®6, wherein said r47
truncated proteinis -SEQID NO 1. -24 15 Decenber 2006 l9Decpmgen8@é of
claim6, wherein said r56 truncated protein is selected fromthe group
consisting of SEQID Nos. 2-4. 10. The use of claim®6, wherein said r56
truncated protein is any two selected fromthe group consisting of SEQ ID
Nos. 2- 4. 11. The use of claim6, wherein said r56 truncated protein _
conpr Pses SEO Y s clgim 64 2hekRins3ald etth 6guUReRt<iePECEPHY STrub typhus
conprising: a. obtaining a sanple froma subject,; exposing said sanple to
a conbi nat is6hcBEed RrolnERE str U7 CpRdt et g PIfuSE] iR diecat éd¥r56 protein or a
| aborat ory produced anti bodies to said conbination in assay equipnent

sel ecfléd f Tom vhe G cdpimcongibsireny sfiEInGAtphptadsd gsPiptdtismtri ces, and
hand hel d chromat ographic and fl ow t hrough assay devices; and b. detecting
ant i. bodi es aby sed bgdesteil nf montvhravkove igpnsaisding arfplSEQoi P dée®ctdng an
antigen to said | aboratory antibodies in said sanple in said assay

equi pnent . 413. The assay nethod of claim 12, wherein said sanple conprises

bl ood, urine or oral fluids.
11. The use of claim 6, wherein said r56 truncated protein

comprises SEQ ID Nos. 2-4.
12. An assay method for detecting scrub typhus comprising:

a. obtaining a sample from a subject;
exposing said sample to a combination of a truncated r47 protein
plus a truncated r56 protein or a laboratory produced antibodies
to said combination in assay equipment selected from the group
consisting of ELISA plates, dot-blot matrices, and hand held
chromatographic and flow thfough assay devices; and

b. detecting antibodies to said protein combination in said

sample or
detecting an antigen to said laboratory antibodies in said sample
in said assay equipment.
13. The assay method of claim 12, wherein said sample comprises
blood, urine or oral fluids.
14. A pharmaceutical composition for treating an HIV patient
comprising antibodies raised against a truncated r47 protein and a
truncated r56 protein selected from the group consisting of SEQ ID

'NOs. 2-4 and combinations thereof and a pharmaceutically
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14. A pharmaceutical conposition for treating an H'V patient conprising
antibodi es raised against a truncated r47 protein and a {1HffcabedPse6
protein selected fromthe group consisting of SEQID NGs. 2-4 and

conbi nati ons thereof and a pharmaceutically -25 15 Decenber 2006
acceptabl e carrier, wherein adm nistration of said conposition reduces

T4, “WRCrEPRRBLe Pt B o DR RN PR D R 6 BB A T S

conposiki.Qn.agai nst HIVianfﬁ;i n..GOWpLi-sing a pharnmaceutically effective
dose -%?&%8 ?u%a?%t é’aat-Tl tpsro el rﬁarr?g ggafir'uncat ed r56 protein selected from

the group gonsisting of SEQ ID NGOs. .2-4 and.conbjpations thereof, and a
ohar miceut TRa| PRATIRGEH e CRROEF108 70T THUS (B hhei YRORCHE T4 m 16,
wherein said {runcated r47 Efrotein is SEQ ID NO 1. 18. A pharnaceuti cal
compoSFYRORT T ERIGHT o 1™ gt MEnt - conprising a truncated r56

protein and a pharmaceutically  acceptable carrier _wherein adm nistration
of sait8l- coiposTYnaYeTHEH FOEPosditd opaprainst vilF Y| inbegtian compr isdmsosi ti on
of claim 18, wherein said r56 proteinis selected fromthe group
consi Bha¥pesuSEa Ly Ndfecrive gdogseThé aohpencaten 047 @uo4rirs angher ein
said r56 proteinis any two selected fromthe group consisting of SEQ ID
NOs. Prxruncated r56 protein selected from the group consisting of SEQ ID

NOs. 2-4 and combinations thereof, and a pharmaceutically

acceptable carrier.

17. The composition of claim 16, wherein said truncated rd7

protein is SEQ ID NO.1.

18. A pharmaceutical composition for treatment of HIV patient

comprising a truncated r56 protein and a pharmaceutically

acceptable carrier wherein administration of said composition

reduces said patients viral load.

19. The composition of claim 18, wherein said r56 protein is

- selected from the Qroup consisting of SEQ ID NOs. 2-4.

20. The composition of claim 18, wherein said r56 protein is any

two selected from the group consisting of SEQ ID NOs. 2-4.

21. The composition of claim 18 comprising SEQ ID NOs. 2-4.

22. A use of a pharmaceutically effective dose of a truncated r47

proﬁein and a truncated r56 protein.and a pharmaceutically

acceptable carrier in the manufacture of a medicament for treating

an HIV patient wherein said protein reduces said patients viral

load.
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21. The conposition of claim 18 conprising SEQ ID NGs. 2-4. 22. A use of a
phar maceutical |y effective dose of a truncated r47 prot el rPEREE 2PPUncat ed
r56 protein and a pharnaceutically acceptable carrier in the manufacture
of a nmedicanment for treating an HV patient wherein said protein reduces
said patients viral |oad. -26 15 Decenber 2006 23. The use of claim 22,
wherepn said truncated r56 protein is selected fromthe group consisting of
SEQ | NC@.’e NS OS4SR A5aeVBEr ISR o LR tech T84 BraFaicated r 56
protein_is an¥ two selected fromthe groug consisting of SEQ ID NGs. 2-4.
25. TRelaskedf LxPmi e T Qe COPF 1§41 A9t PEncERedP B@S protdin  conpri ses SEQ
ID NGs. 2-4. -27 ',z '
24. The use of claim 22, wherein said truncated r56 protein is

any two selected from the group consisting of SEQ ID NOs. 2-4.

25. The use of claim 22, wherein said truncated r56 protein

comprises SEQ ID NOs. 2-4.
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