WD 03/ 096974 PCT/ US03/ 15072 5 ORI ENTI A TSUTSUGAMUSH TRUNCATED RECOVBI NANT
OUTER MEMBRANE PROTEIN (r47) AND (r56) VACCI NES DI AGNOSTI CS AND
THERAPEUTWGS3/6®R74 SCRUB TYPHUS AND HI V | NFECTI ON 10 FI ELDPOF/URSeiEZ130/ENTI ON
The present invention relates to a 47kDA and a 56kDA surface protein
antigen of Orientia tsutsuganmushi which are useful as diagnostic antigens
as well as immunizing agents. The invention further relates to a

t he? apeutic nmethod of reducing the HV viral 15 load in a patient.

DESCRI PTI ON OF THE PRI OR ART Scrub typhus infection is caused by the
obl i gat ed ORAENZERI T%%WGW%@&@{ %%PMEEN@NH%’F%@&W%%NE | t

account %FPQEIHD(£@7?3%{I]9]C (A4) f@k:’dﬂn%seEjﬂ%ﬁg%h@saﬁgﬁ%ﬁﬁaﬂﬁ;@fhs FOR

Asi a- Pa ic region where scrub typhus is endemc and can cause up to a
third of nortality if | efSCRURt TEANEE. AGy I OnENERGTIONC| ude pneunonitis,
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
froon 95- 99% aELDpari BRE SINWENT N ub t yphus recogni ze a 56-kDa protein of O.
t sut suganushi whi ch conprises 10-15% of the total rickettsial cellular

protein Con%ggtprggégt59;&gﬁiﬁggnégféég%8t%o%h4gggzegxgda 56kDA 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 viral

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

Scrub typhus infection is caused Dby the obligated
intracellular, gram-negative bacterium 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



WO 03/ 096974 PCT/ US03/ 15072 5 and uni que sequences anong different strains,
has been devel oped and used for early diagnosis and a potential vaccine
candi dat ewo oghedoes+ or gani sm vacci nes have been previously eevaisopesd’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 induce
pr ofectdnde WIHAHA t yeAGRHRY Pﬁ@n%o%éiﬁéﬁéﬂgtstsrté'raﬁnsbuthaﬁotb%% feyetRsYous
strains. The fact that other antigens, such as 110, 47 and 22 kDa have

al so beerd ugedt ifbiredanily hdhagios s ragick & tHakenf iadgyasednehaandidandi nat i on
of several of these 15 antigens may provide better protection against

vari ous st aivheleforfantsut suegamrstsi havectdesm Reeentigly i tdeNedobedn and
denonstrated that the infusion of plasma from scrub typhus infected

pat i enttheiirntprdtied dinfractledrepabeant shdéed-1 ovedeadécleake off difidésvistusairoad
burden determned 2 nonths after the initial infusion, suggesting 20 the
phar magawtcetli ogf. f ecth®f mhher senubatypbustpahi emtcd gehasthe SANRIRT OF -HE
INVENTION In this report, we have denonstrated the cloning of 47-kDa

prapei rgensroNGBl RREeRSIaeRoNHEbeord 30984 ah i gBHi ENeaatibedph, t GasObadm
pure r47, in an effort leading to the production of 25 sufficient quantity

and hi g fJar idy {rﬁﬁﬁf@iﬂé@éeé&d@airﬁmﬁ%an ddhindkie e CRORG BRI QN ¥i.tdy A 56
protein as a vaccline candidate to afford broader protection. In addition,
the Se%ﬁetncr?oée%&thEerologous 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 been demonstrated
that the infusion of plasma from scrub typhus infected patients
into HIV infected patients led to the decrease of HIV virus load
burden determined 2 months after the initial infusion, 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 1leading to the production of
25 sufficient quantity 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 sequence search of

this outer membrane protein showed similarity with serine



this outer menbrane protein showed simlarity with serine -2 WO 03/096974
PCT/ US03/ 15072 5 proteases, suggesting r47 protein itself may function as a
pr ot ease. waéseqmm bl ot results reveal ed that plasma from PCTus0s/yphus

pati ents showed strong antigenic response to the r47 protein, suggesting a
potential protective role of r47 against H'V 10 infection. It is possible

tha% this inhi bitoré effect was due to  the anti f?dy response toward r47
proPei RrOXPELRat | FEPYSSERBI hbfdl oBFCbetheehtSert nd P ot BRRE LA 37 @

protein indicating a potential protease activity associated with r47 which
may red¥ateadsg-interference with H V processing. 15 A search of the NCBI
protein database for short, nearly exact matches revealed a 10-am no-acid
mat ch (8 i déssitesn Met2 ramse veeyededhebit t helesnas frongHarst Kalps
strain 47kDa antigen (accession nunber gi/1220501) 47 kDa and HI'V envel ope
pr ot ei watizatesssbewedinisdroga/ 2280074 1 H WHESDPROSse20t Pattther N T4 TL Ra AIRNEK
Accordingly, the present inventive subject matter is directed to a scrub
t yphus sunyeistdeni c acomppasntied c@rptiesitngeanrodg tofuncated quedireitn HIVSEQ
ID No.1, an r56 truncated protein selected fromthe group consisting of
SEQI D iNFec2io8EQ IR N phs<AhlandHeiQ dil sNalnWidntry pffaraceus eald yto
acceptabl e carrier.

the antibody response toward r47 protein. Alternatively, the

homology between serine protease and r47 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 Karp strain 47kDa antigen
(accession number gi/1220501) 47 kbDa and HIV envelope protein
{(accession number gi/2250974) HIVgpl20.

20 Pattern: TLR+IVTN+K

Accordingly, the present inventive subject matter is directed
to a scrub typhus immunogenic composition comprising an r47
truncated protein of 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 nmethod conprising
adm ni st ewong/oacophar maceutically effective dose of anti bedirasos/aosed

agai nst the conbination of the -3 WD 03/096974 PCT/US03/15072 5 truncated
r4a7 protein of SEQID No. 1 and the truncated r56 protein selected fromthe
groyp consisting of SEQID No, 2, SEQID No. 3 and SEQ ID No. 4 and a
phagnad%WNWQ%ﬂe@yréECBEPEBF% REr FEQriD NG 1 Jr 7RG &Ry FTERE2R8ENBEC nay be

conprised of the_admnistration of antibodies raised against either the
t runcatEPtedr selerEedofrpunthe e PWs GATIESTINITRE SEQséRt NPavént $EQ ID
subject matter further contenplates a nethod for inmmunizing a subject
agai nstNoscPuBndy SEQsIBoNDr i 4 aed advhanmaceutigad lyhaceepsableatayredf ecti ve
anmount of a scrub typhus vaccine. 15 The present inventive subject matter
al so conttenplagtivslsn thssmgthod mket dot iqngraniisieldodife $heoadminbs t yahisn
conprising obtaining a sanple froma subject, exposing the sanple to r47
pr ot ei pfasnkibodpesmeai s¢d agaimdc asigden nthas saynegtedment osetleet ed from
the group consisting of ELISA plates, dot-blot 20 matrices, and hand held
chriomatagmnaphicd apd preveihrough assay devices. The present inventive
subject matter further contenplates a
The present 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 alsoc 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 which results in a
reduct i orwofostobe@7H V viral |load of an HV patient. The presdarsh3/iswentive
subj ect also contenplates a treatnment of an HV patient which conprises an
r56 protein selected fromthe group of SEQ ID No. 2, SEQ ID No. 3, SEQ and
SEQ ID No. 4. -4 WD 03/096974 PCT/ US03/ 15072 5 The gresent i nventive
subfect nmt TBE PLPEABE LBYRWEHIIAITLIGTT MAYEeEc EPRENRBNBPREFHRL A Potdnt i al
H V vaccine and a truncated r47 or r56 protein or protein conbinations

t her eoflIVTHECEdRBQBPHRL EHENDteh &0 Fart iR e s IdnH286¢BAt AR sa Wk Fingrieeshner47
further apparent fromthe foll ow ng detail ed description of the 10

pr esenblry rpbebept e din eprb aelf oteiitrs | copiimatdagsi thesspdnction with the
acconpanyi ng exanples and made with reference to the acconpanyi ng

drawi ngs. | Thehbéotrdgbeng et st tieturies detiaebwdntagesi pilbroecme
exanples are illustrative rather than limtative, the scope of the present
i nvent ifartheirngpdeténedfiym tdtee afppdradacoc ldeites 1atidddSceipt vah edtt sctder eof .
BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is an SDS-PAGE show ng the PCR

pr egduciprek by Ccpde Pgrrédrenihal infditaat atheh/ rkBa RHOEEHHUASE] 61 esiedthe

plasmds; Fig. 2 is An SDS- PAGE showi ng the induction of r47 protein
accompanying 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; Fig. 3 is an

SDS- PAGE showi ng fractionation of r47 protein on DEAE ani on exchange

col um (pWod303697#i g. 4 i s an SDS- PAGE show ng fracti onat ipem/usb3/13072 pr ot ei n
DEAE ani on exchange columm (pH 7.0); 25 Fig. 5 is a Blast Search of r47
protein sequence; and Fig. 6 is a chart conparing conserved domai ns anong
r47 and serine proteases. -5 WD 03/096974 PCT/ US03/ 15072 5 DETAI LED
DES@RIP?ﬁ@ﬁléﬁDTBES@ﬁEKEﬁﬁEﬁnEWB@U3@5@@?@%%6%EPPSW§§T§f t sut suganushi

di sease is an acute, febrile disease caused by infection with Orientia

t sut sugamusBicruB. tyistHilsSUgAMEsit sh§aRughamaiggakiVve HagherddPehut rdiasi1e
nei ther |ipopol ysaccharide nor a peptidoglycan |ayer. Orientia isolates 10

are hi ghkyaxari ahligehin thei 1naBtigsni cyPERPehtiSse i Iher bR Qlgamidriace o,
protein of 0. tsutsuganmushi is the variable 56-kDA protein.

SeroU’E%uiPﬁ%thﬁhHD”%' onal Anl{ hadj.es Lo gac‘%@r'lﬂmbr%ctt WA the; 56:KDA

protein ough sera from nost patients scrub typhus recogni ze this
prOt €l By ngﬁlyg &ha kD prgLein %er’ %fd%l}pcd{ eC?Q;?é%ed osr‘ige%‘}%“ ng, thate poth
-kDA™a DA protei ns are 00 it es use ‘as agnoé%
asﬁggen ﬁnﬂ%ﬂﬁ@g?z %%e F?L%ﬂtkgnigf fgg&ﬂ? 2858% ps has pggenUaJOLme
surface protein of O. tsutsugamushi is the wvariable 56-kDA
protein. Serotype-specific monoclonal antibodies to Orientia
react with the 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-kDA and 47-kDA
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.l, 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 c¢loned into pET24a

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

-6-



In accordance with the present invention, there is generally 20 provided a
scrub typhus i nmmunogeni c conposition conprising an r47 truncated protein
of SEQ | DVvBm3Ad96san r56 truncated protein; and a pharnace®ciramos/yso72
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

term nus which contains the hydrophobic domain was truncated. Forward

pri fer SEQ D ROPodimgatse9trShe pkpvrit ISEGUID NG, M6t tRér ethEesFEwRd to
anplify the gene segnment of nucleotides 174-1481, SEQ ID NO. 7. The

anpl i f itetbhyend rougeornigasonPonttl ¢mtmay EFpy isgediher r4Thérurpaceded
protein sequence is in SEQID NO 1. -6 WD 03/096974 PCT/ US03/15072 5 In
enbodi mentteiof ihheombisatioe wibh ewte nef tdrg fdid osigngb rbgphusncanedogeni ¢
conposition may conprise the r47 truncated protein in conbination with one
of t he draltledwisng SES6 IDr Nocaz edSEQr I eids:3 ,SEQ ISBONaD Rp.SEQah® &lo. 3, or
SEQ ID No. 4 and a pharmaceutically acceptable carrier. 10 DOSI NG AND

ADM NI SIRAT=Q¥utheaept/i ausegosiel ©f cdhei dmunogeni ¢ conposition i s
contenplated to be .5-20 ng for humans and .5-2.5 ng for primtes.

Adnpni st r at ipg Rt bRe hBUEROgeRAEIG@NPOosSition i s done subcutanously. 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
subcutanously.

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 r47 protein as
represented in SEQ ID No. 1 in assay equipment. Such assay
equipment 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
laboratory 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

-



detecting anti body to scrub typhus conprising obtaining a sanple froma
subj ect, exposing the sanple to a truncated r47 protein as represented in
SEQ | D Nowolbsiopevassay equi pment. Such assay equi pnment maycrassgli®ct ed 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 net hads, include bl ood, oral fluids ang urine_from which anti bodi es

couPd CBESFELEBLBTanERf FBMGNI ©h TRt i A€ ‘couPdheEReLBcled Hy2RRyA of

| aborat ory generated_anti bodies. 25 The inventive subject matter further
conpr i $EFMREEHEACHE 1Yt RPEEEPIRP L FRTERE ;suf fering from scrub typhus, the
met hod conprising adm nistering a pharmaceutically effective dose of
anti bodi es Theséavaghivist suhecoma @y i sef congrewiadeprateins of SEQ ID
No. 1 and the truncated r56 protein selected fromthe group -7 WO 03/096974
PCT/ US®3at5azeuticednsompongt bin SRY Iedmet SEQanDHNY. pdtagmt SEQ | D No. 4
and a pharnmaceutically acceptable carrier. The inventive subject matter
al so ceontmprpkahgsaatipbdieaceatseadlagaomedsiat itganftartetr ea6 npndteoin amdlay/
patient conprising antibodies raised against a truncated r56 protein and a
10 1phapmacautiecal byl agcaept abt £oTardd@ari avheiheire iadadni atl sataobowfot hthe
conposition reduces the patients viral |oad. Such truncated proteins nmay
be sel eehpdshitadht heageespreonsdsidmtd afir8EQ1bRANOS such truncated
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 r47 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 embodiment.
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
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2-4 or conbinations thereof. The dosing and adm nistration are the sanme as
stated above for the i nmunogeni c conpositions. 15 The present inventive
subj ect maDtoadas t her contenplates a treatnment of an H ¥cpatSogmo7whi 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 HHV viral load of an H 'V patient. Dosing and

20 AdniehitSCrAVRoACsR e0hl 3R HROLISR SR IH66V 89RIPSEhPs CEHBERFRENT47 The
inventive subject matter also contenplates treatnent of an HV patient
whi ch SBRBEILBe3nNdddi FTeRerted B piEAREuCtc8FQ EBnPesi t 2oh ¥fhpri sing
antibodi es raised agai nst a conbination of an r47 truncated protein and a
t r uncatceabibsetppns ekt hereef a 2o ping racegdindaiEyratéept abteasadtdt@d t o
reduce the patients HV viral |oad. Dosing and adm nistration are also as
st at ed adpyee fofothihi emeepdidémtent . The i nventive subject matter also
contenpl ates an i nmunogeni ¢ conposition against HV infection conprising a
phar maceut i cak £81 Wav D3¢ 060l RCHNdSA3/115073t iGeebtepteferdase of
anti bodi es rai sed against a truncated r47 protein and a truncated r56
pravei rmBbdShentd dosth- nwditk i xoridNatreonstt ber Bef coesiugy and
adm nistration are as stated above for this enbodi nent. The foll ow ng
exanpl asmakeny! tHst iaténei & tHefaig ed

EXAMPLES

EXAMPLE 1

Forward and reverse DNA primers (SEQ ID No. 5-6,

15 respectively) specific for 47-kDa (accession no. L31934.1) were
designed with BamHl 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 NcoI. 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 Ilimting
the invention thereto. EXAMPLES EXAMPLE 1 Forward and reverse DNA priners
(SEQ I D No0 080869745 respectively) specific for 47-kDa (ac®eTdiSos15002
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 0. tsutsuganushi. The PCR
pr ofluctsupenserept wast heyatean t trplussigind beEY24d ThNev dgeaf 100 wigydsinidhes t h
BanmH and Ncol. The sequence of insert was confirmed and the |igated

pl asm dumasitdanstoraesio) 0Q® ML 2L gDEIembakhe EbhlpwrbgePFAE Colicmy
containing ligated plasmd was grown 2YT nedi um and i nduced with 1nN of

| PTG akexdh@nberudihgf 20 moreis pexpoessdoldM NeCpusaly ghadiexpressed
protein, 600 m of B121(DE3) 25 cells were grown, induced, centrifuged and
cell pealakgtenasihysedpL®y | h Z0cdMabinelCLERE BrBketantas Ns&ighmtded HTA and
1 mM PVMSF according to the nethod devel oped by Ching et al., din. D ag.

Lab. | gmppar &nidh9%R@Rand®98s iy t8N mil tri-as0pHC 7dbSaHAt 2RMNAND salt
centrifugation, the expressed protein was nmainly associated with -9 WD

03/§96Q74RERE USO8Ld 5042t 518 UPRIHEAL Atk nr 3LAer gthanehpchasi Qs hodyeg Thi s
fraction was further ~purified with a 30,000 EMchtoff menbr ane foll ow by
DEAE a%b%@yzed 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 sequence 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.
1). The cloning of this PCR product into Pet24d(+) plasmid was

25 confirmed after digestion with BamHl1l and NcoI (Fig. 1) and DNA

sequence was verified with a DNA sequencer.

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

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

-10-



exchange using 20 M Tris pH 8.0 and 2M NaCl salt gradient (Agilent 1100
HPLC). Alternatively, the protein was separated on a DEAE ani on exchange
usi ng 20 wblosip@®7pH 7.0 and 2M NaCl salt 10 gradi ent. The pomratses/msoet ut ed
with salt gradient was collected, 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 anal ysis. The
seqlenCEPEERELEgPT oF e Y7 -k FRtEmedhivtift PoPEeEeRROFATYSIPE Bt ef Mt Stas
searched with standard BLAST nethod and the conserved domain analysis of
47- k Da spindiceit i onasnd nedy et uga i INCRIheCBBPrgb§6€i PhAteLF gas BBl n
addition, proteins with simlar domains as 47-kDa protein were aligned

t oget hesssiboianetyweth heupenserared affmmehecifdrséquentei gkt ot heFfanmi | y.
20 RESULTS The DNA coding for 47-kDa protein was successfully PCR

anpl i f i2éd rasheg BPhénpassddkedd amth insdusdiganbsfiy &ar phstraé nomsteidrenpl at e
and priners designed specifically for this genes (Fig. 1). The cloning of
this PgRpereddchbyi OhondPed 240 +) THaASRewdsd2breeatinried Bétadsshgasdd on
with BanH and Ncol (Fig. 1) and DNA sequence was verified with a DNA

seqgencRich EXBrfssbeandf rider 1o k@ pHRt @ldaiwasnobseayedrgéher (3 hof 1M
| PTG i nduction at 37C (Fig. 2) The sequence of this -10 WD 03/096974
PCT/US%@Qb5og§pears to increase the yield during purification procedure
(data not shown). Part of 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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5 expressed protein was confirmed with protein sequencer. (After sonication
and centrifugation, the expressed protein was mainly associated with

super nat awbD aafob@r4t he first centrifugation (Fig. 2) rathecTiusasimgsoci at ed
wi th inclusion body as the r56 protein reported by Ching et al. The
expressed protein may be associated 10 with the nenbrane fraction and the
addltlon of detergent (1% of NP40) appears to increase the yield during
pur Pf i CEAB) Eplzocedure (data not shown). Part of the supernatant
containing r47 was first purified with DEAE ani on exchange on a HPLC using

a Tri s aAsysisicpENat opl-hBMGLeedugrm@rEcm aNmuetpVBYh RECOEESINANA DS € kDL UPp 15
to 0.8 racti ons were coll ected and anal*zed with SDS- PAGE

) d t he
(B o © ROnes sk, OR SR A it oS T SRR PRI 7B st ng

Tris bydreys avpRbls7aRrasansg! uted with a NaC gradlent (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 honol ogues
Wi th various serine proteases (Fig. 5). Wien r47 was searched agai nst
prdfei Mrcomslerved dopuss th¢ abpesteamive @fifedt by KEBI and t4ypsrotdirke
(77.7% of the conserved domain region (217 residues) was aligned) and PDZ
domai n dgA3n3% ahfebeieansefvedv2bl doarmiive egirging8Gokesi dfes) 6 wasd at4 gned)
were identified. These two donmains were al so associate with different
seri ne grogieeasesmpbhiiefdts 6fromldhe Karp strain. Since the immunization
with 25 ug or 2 ug of r56 in mice showed a protective role in our
previous 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 o0ld, 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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WD 03/ 096974 PCT/ US03/ 15072 5 EXAMPLE 2 ASSESSMENT OF HOMOLOGOUS
PROTECTI ON | NDUCED BY RECOMBI NANT 56 kDa PROTEIN FROM ORI ENTI A
TSUT SUGAMYBHIB/0Hd474COVBI NATI ON W TH 47 kDa SCRUB TYPHUS ANPCEHNS3/1071 n or der
to assess the protective effect of r56 and r47 proteins against infection,
m ce vvi II receive varying doses of r56 and r47 protein conponents fromthe
Kar Since.-the i z n h 25.u9 r56 in mce
sho d BS%t SSPﬁden eﬂ%’"’(funenlou?é'—jcql1 g\:/:‘%%s Oéx;%grfnr?r%%f‘gy?knnua} eIE)loz &
J2_00_NWVRO), |1 _use the 15 sa oses f.or testing.r56 in the present
atudy P8y ¥hEDr be B otet R GIR0R RRod At RETBLET PEFR 558 T ELL we w ||
start with two dosages of 5 ug and 25 u ﬁ this tlﬂf Alunland Gwll
be us@BtigeRdpuTaRtsiAt e W%Q%t&"@r COPGEELnITaPPE 3 Lo aq . Wbkl Al um
has been approved for human use for a long tinme. Vaccines 20 prepared by
ant i geﬁ@aég%%@d‘l ofieekal RO G RaFd cSeVéldl Pealtant a6 fMe antigenic
content is easier to standardize and the vaccine has good stability.
Al hydogeksuadsogbBdcaht | emnarresgionsies ragdtnbeéorencleal beitge o use. In
addition, the degree of local reaction follow ng immunization is reduced.
Cp®i ndecesladThipét keent2sl pEetstiemys :of cyt oki ne producti on dom nated by
IL-12 and IFNFbgamma with [ittle secretion of Th2 cytokines. Femal e CD1
m ce, 4tudyblweegsowmpsl): 13 to 15 grams in weight, will be purchased from
Char | eg R| ver Laboratori.es P(B\g"l m r}n/gt on, MA).

. onl

Negative control:

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 Study 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 kDa

30
3) Monitoring the Immune 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 (ELISA) for antibodies against each antigen. Anti-mouse IgG and

IgM peroxidase-labeled conjugate (Boehringer-Mannheim,

13-



Each Study includes 5-7 groups of mce. A mninmmof 15-20 mce is 30
needed to down select the 20% difference in protective efficacy at -12 WO
03/ 096974vD@3Hh24808/ 15072 5 80-85% confi dence | evel. Eachpgmraisps/cf720 m ce
will be immnized i.m with the 56 kDa antigen alone or in conbination with
r47 antigen except for the negative control groups. 15 mce wll be

chall enged 4 weeks later and 5 mce will be sacrificed for neasuring

T- cel | ingianere bspondBs wijlghtoepdegtedehal | enge. 10 Detail ed experi nent al
designs: Study 1(5 groups): 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:
t he safik) aSytbleime olgrektimnStimdgetum?. CZEokynes h&ee pters Sudiest 47 kDa 3.

20 19 ShvhiiqBlin 57 49 Aotk ccdd, SANK 3 LS8 Qe Sonhostl e
St udy 4mfdngr pepslat ilon Negdtngvd ndfdammaksont hEFS agemes die Tp-cumrk i n St udy
1 10 cytokines for Thl and Th2 cells, 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 assayed 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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2. 2 ug of r56, plus 5 ug of 47 kDa 3. 2 ug of r56, plus 2 ug of 47 kDa 30
3) Monitoring the Immune Response: (a) Antibody Detection: Muse sera will
be dr awn wormmsadd@v€l y before i nmuni zati on and bef ore chal lpemgsos/Bach serum

sanple will be assayed in duplicate by enzyme-|inked i munosorbent assay
35 (ELISA) for antibodies against each antigen. Anti-nouse |gG and |gM
per oxi dase-| abel ed conj ugate (Boehringer-Mannheim -13 WD 03/096974

PCTP USGSA150%2 thej REPasRPD| ¢k, a0ty I414 aeéléoeévedll%} CY? ok Rl Het®t i on
in seryifr_QUkRKI BES haVe, besd stwdied;inhyy aleadical! xyaggzméhpi igal ly

with a focus on the roles in inmune regulation during inflammation. |FN
ganmma anmmpsarbﬁet1®se§rydkme@9@rrmymﬁn Egsgomh2Meekl &, a¢@@p@tm9v‘e¢ych¢or

many &n%g\%s‘ékh%é 'ﬂﬁ&% QNS n% By iy u%%l;glwﬁff DSEs1dofug 1N
gamma producti on e eve gamma and I'L-2 were € eva? dc spl een
nononude¢catrméakl @hﬂcbm:éﬁlkmre rpruniwadlgmtfbe cinokéasedus BNy NS aI Y]

detected in _spleen_cells des Isf m ce 15 chronically
nTL'l ct gdrﬁncfthﬁ&ff8ﬁ??gs f}?ngb%r}/yﬁo%ét? eﬁ:at ueﬁt ggn susceptible to I NF
gamma in cultured nouse cells. In the sera of patlents with scrub typhus

infectiagn, the levels of GCSF, MCSF, |IFN arrma and TNF al pha were_up
regulatéd PNP&éf6F66HVﬁA¥?SQRPse of spleen ce 5MNC will be prepared

as described above. After the stimulation by different amounts of
recombinant protein or Orientia Karp, the cultures will be

15 incubated at 37C for 72 h under a humidified atmosphere of 5% CO2.
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 liquid scintillation counter.

20

PROPHETIC EXAMPLE 3

Prophetic examples for the treatment of HIV patient to reduce the
25 wvirus 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). Blood will be drawn from both

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

-15-



drawn in heparin before inmunization, 2, 4, 6, 8,10, 15, and 30 20 days
after inmuni zation. Sera sanples will be assayed in duplicate for cytokine
| evel s ofwDlBlogamra, TNF al pha, 1L-4, IL-12, G CSF, and MpPCBRIS0§/c07Lyt oki ne
production by antigen specific T-cells: Spleen 25 nononuclear cells (SMNC),
stinul ated by reconbi nant antigens, will be nonitored for the productions
of IFN gamma and |L-2 at day 1, 2, and 3 post stinulation. The cells w |
be § sobaved wylLi b@lquarwiﬁe@q‘-l%i frhaeracitame UBpB al Bes Sl efyom erzsivpy 1

gradi e entr i I i a%m%1 0 a
30 con@%n? 5 |%%H%$E% cﬁ%}ﬁa%? %gmgbggrgﬁk-§%¥ﬂ%%ﬁg%aéful W ﬁﬁggé
d|strlbyteﬂelhypenrummnﬂe(ﬁl&%naﬁ wel | plate as described. Follow ng

i ncubation with correspondi ng reconbi nant antigens, culture supernatants
will be collected and used in cytokine assays. The supernatants from
tripli cgecBUBfONS!l tures will be 35 pooled, and all sanples wll be assayed
inlériplicate IL-2 activity in the supernatants from anti gen-stinul ated

SWNC Wi | | bgpet estgeafl 41-kmbigrddetihOwsdPBakte 88 oWt 1y af1dde®-Hrpendent
CTLL-2 -14 MO 03/ 096974 PCT/ US03/ 15072 5 cells in the presence of

anti - | !Jvér@Q% Qgg%d(iﬁ Blilgq Jc%m/ M rneFBher! Mep0o0BEs 30 dd i wdd@deevel s
wll be neas y enzyne- i nmunosor bent assay kit (Genzyne,

Bost on, V?ﬁ%elné‘f&g{gﬂf}%&ﬁaﬁ&nﬂ%‘g AL YESLLS: LOSEEMctd s, CD4 and CD8

cells w

complicated. The addition of detergent increased the amount of

15 1r47 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 exchange followed by gel filtration to

achieve desired purity.

25
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determ ne which cells are producing the cytokines using MACS 10 direct

M croBeads (MItenyi Biotec, Auburn CA). (d) Proliferative response of

spl een ceWb3/08YNC will be prepared as described above. ACTarsoy®72

stimulation by different anmounts of reconbinant protein or Orientia Karp,

the cultures will be 15 incubated at 37C for 72 h under a humdified

at nosphere of 5% C02. A total of 1 uC of [3H thymdine will be added to

each well for the another 18 h of culture. Cells will be harvested onto

glass fiber filter strips, andHQUENSI: MSBNGF [3H] thymidine will be

counted in a liquid scintillation counter. 20 PROPHETI C EXAMPLE 3 Prophetic

exanples for the treatnent of HV patient to reduce the 25 virus load with

i mrunogl obul ins from subjects inmuni zed by the inmunogenic conposition.

Theoe BEQUD Noi Itelrunosked Protein-$equendead tridD Préteint he present tinme. However,

t r ansgeRrp@essatl afuneakd Fiol&gn tdd@ertts (Rdhs GRI4T@E 184-C458 ITDNA skdieted, Boldey H V.

Thi s tyR@eRk WilseBninldd HEN-Usthal protaeschodlcah ng experiments: Mce will be

infected with HHV. Two nonths |later, one group of mce will be treated

Wi th hypegsi SHIVRPRISEVRS Y QD TREG SRRKY PR Y OBEVHL AN PEIH ST Frv edERY 1A NE

sai g 'g‘&ﬁﬁg&?ﬂhﬁ{ﬁ 3 FAéﬂ\@@sﬁQW&L@K}N&M&L@Y@%SRSSWB%}%%

tr ffitg L GHE, foil%- &WN&?V%#@NQ&IAI&%S%@}M&N@E@ RG9S GIse ood

w AP ER OB UG EKIRRGMLNVMLNEL TPELNENLGLKQDQNGVLITEVIKEGS AA
QCGIAPGDVITKFHDKEIKTGRDLQVAVSSTMLNSEREVELLRNGKSMTLKCKHANKGEDS
EQQSNDQSLVVNGVKFVDLTPDLVKKYNITSANNNGLFVLEVSPNSSWGRYGLKMGLRPR

20 DIILSVKRDDNKKDISVKTLREIVTNIKHNEIFFTV 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 WO
03/ 096974 PCT/ US03/ 15072 5 blood will be quantitated by real tinme PCR
Results fwomgeeap 1 will be conpared to group 2 to denon®rmatses/iive2
dereased virus load by the hyper immune plasnma. CONCLUSIONS 10 The
truncated 47-kDa protein was successfully cloned and overexpressed in BL21
cells. The over expressed protein was not in the inclusion body making the
pur b f i SHQ BA Nor 3c ad6Peoteno farp €Ghidg) The additi on of detergent increased
t he andbatowirmed sepEnedggdéty hdinghemasasid -# 1. Bfe qorretted peanends isrenbr ane
fracti brghligited pughledinad ysi s of crude extract with 25,000 MV cutof f of fered
sone purification and further purification using pH 8.0 or pH 7.0 buffer
and saM TgraHiGERR AE Jah VaviiYh TeEXd TaA@eVEE K V EsuDt®$W G B T Kux DIV G G K
punofi CRAIPOFR KIRE KLAIEPM PASI MEP T YEA V RID ¥ LDl PN EPQQEA QA AQPOIL N H/E was
predi cieR A & AR 18 W BRINSUAISSDey Rav KAl PO CEX NG POE V 1 N PO € NP Qahinep f or
purifi egpvo N EPRERI ARG B ANGIH A §ENNIHEE) WOR IPUM TG LATAW § N £3f KOs axg¢pange
fol | onedg Byt geh f ¥ T @t 531 kU LacH 1SV & A8 P B HUrP N5 A0V E1G 1 YR &34AJ6974
PCT/ US@¥ 43914 EELRESFDGYLGGNAFANQIQLNFVMPQQAQQQGQGQ
15 QQQAQATAQEAVAAAAVRLLNGNDQIAQLYKDLVKLQRHAGIK
KAMEKLAAQQEEDAKNQGEGDCKQQQGTSEKSKKGKDKEAEFD
LSMIVGQVKLYADVMITESVSI

PI=5.238,

20 MW 40903, 377 a.a.
Extinction coefficient Azgp=0.754 (1 mg/ml)
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5 SEQUENCE : LISTING 10 SEQ ID No. 1: Truncated Protein Sequence of r47
Protein Expressed, truncated protein sequence (translated from 184-1458 of
DNA sequewoa3/oboded sequence was confirmed by N-term nalPCprso®isor2
sequenci ng) MNSLSDI VEPLI STV
VSI YAVDTNI G SFNNKVSKYQQEVFLGSGVI | DSSGYI VITNENVI A 15
GAENI KVKLHDGSEL | AELVGSDNKI NI' ALLKI NSPAAL SYATFGDSNQSRVGDQVI Al GSPF
GLRETVSRE EBSRePDRENG &/ T ey AegnsnsecEBRER) EGKI | G NSI HV SYSAE SF - Al PSNTV
LEAVECPKEEEKI RRGVL NWRANER RPEIYIEY. G2RODOREGVEETEVI KEGS AA
QCG APEBVIYKEMDKENSAGRLRIIA AAISERUENSEREVERY RKER SNTERICKT ¢ ABKEFRID PADAG
EQRSNDGBKYLYLRGY KFVDLTPDLVKKYN | TS ANNNGLFVLEV SPNSS WGRYGLKMG LRPR 20
Dl . | LSYRROGNKKBG SWETAREFRAR| IGNEILANVK GRVBRSKTGESL PAPERSGRDS cPMPORNFUSIR €
datia omQpwuMemaky N-ternminal): MNSLSDI VEPLI STW 25 -17 WD 03/ 096974
PCT/ USABRDEGVEI P SNREQEEGANRD . GINLGAND IR GAODRIKWLE NCAGVIDYMVI cORPNNEQARIN
sequengevi.onIPQE by Ching (am no acid 80-456). The corrected sequence is
hi ghl i ppiatipROAMUOSES ILerl MHHARGGIAR WeMKNKNETAQTREESERDOS \GIVROBEIGEK 10
DAPI RKRVKETEPRED! MPI SI AVRDFG DI PNI PQQQAQAAQPQLNDE  QRA AARI AW.KNCAG DYRV
KNPADPHEBINYA P LA RIGRNEL NN 106 1RNIPORENEEARRAMINGEGMRCE 360 \adadadddd- S N
A N K BogohrioRa

AAAAAVRVLN NNDQIIKLYK DLVKLKRHAG IKKAMEELAA QDGGCNGGGD NKKKRGASED

SDAGGASKGG

KGKETKETEF DLSMIVGQVK LYADLFTTES FSIYAGLGAG LAYTSGKIDG VDIKANTGMV

20 ASGALGVAIN
AAEGVYVDIE GSYMHSFSKI EEKYSINPLM ASFGVRYNF
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VKVLSDKI TQ YSDI KHLADI AG DVPDTSLPNSASVEQ QNKMQ
ELNDLLEEL RESFDGYLGGNAFANQ QL NFVMPQRAQRGQEQ 15
QLRLAQAT AQEAVIAWFAYRL LNGNDQ AQL YKDLVKLQRHAG K PCT/US03/15072
KAVEKL AAQREEDAKNQGEGDCKQQQGT SEKSKKGKDKEAEFD LSM VGQVKLYADVM TESVSI
Pl =5.8, 20 MWV 40903, 377 a.a. Extinction coefficient A280=0.754 (1 nmg/m)
-18 WD 03/096974 PCT/ US03/15072 5 SEQ ID No. 3: r56 Protein Sequence
(Kabo) >Kato sequence number 21 529 as MKKI M.I ASA MSALSLPFSA SAl ELEDEGG
L ECGPYASEQGIPVEEM 3 GVES STIROFADNG GIGRKE@MPLTTS MPFGGTLAAG MI APGFRAE
L GVMYL ARVK 1ABME SCKT SScniDAR: &RSGADS PVRPORYIKREPaal0 PQPTI MPI SI ADRDLGVDI P
NVPQGGAIKIMI MGDAKL GANBA FS IRANDR| SAN B ARHEGY DHUCE YDRMEPOXRENT TR LE N IGIT DS E
PPNANPRRANL.GPCBELNHDH WRHLVWGE TA MSNANKPSVS Pl KVLSEKI V' Q YRDVKPFA
RVAGE EYPSRGTDARE PHBARMEXRAKNGRR N Id REVERVEREKECO SEBRERADS) CEFDYBFXRK
AQLLGLRBROTPEPEATAQEA AAAAAVRVLN NNDQ | KLYK DLVKLKRHAG | KKAMEELAA
QDGGECNeelp sk BKDGHSHDr o L NG GAAEIPOLTV EQRAADRTIAW LKNYAGIDYM VPDPQNPNAR
VINPVLLNIT
QGPPNVQPRP RQNLDILDHG QWRHLVVGVT ALSHANKPSV TPVKVLSDKI TKIYSDIKPF
15 ADIAGIDVPD
TGLPNSASVE QIQSKMQELN DVLEDLRDSF DGYMGNAFAN QIQLNFVMPQ QAQQQQGQGQ
QQQAQATAQE
AVAAAAVRLL NGNDQIAQLY KDLVKLQRHA GVKKAMEKLA AQQEEDAKNQ GEGDCKQQQG
ASEKSKEGKG
20 KETEFDLSMI VGQVKLYADL FTTESFSIYA GVGAGLAHTY GKIDDKDIKG HTGMVASGAL
GVAINAAEGV
YVDLEGSYMH SFSKIEEKYS INPLMASVGV RYNF
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K&KETKETEF DLSM VGQVK LYADLFTTES FSI YAGLGAG LAYTSGKI DG VDI KANTGW 20
ASGALGVAI N AAEGVYVDI E GSYMHSFSKI EEKYSI NPLM ASFGVRYNF -19 WO 03/ 096974
PCT/ USO03/Wb®3296934 SEQ I D No. 4: r56 Protein (G llian) >GrCiriees/s®quence
nunmber 25 524 as MKKI M.I ASA MSALSLPFSA SAl ELGEEGG LECGPYGKVG | VGGM TGAE
STRLDSTDSE GKKHLSLTTG 10 LPFGGTLAAG MIl APGFRAE LGV14YLRNI' S AEVEVGKEKV
DSKGEI KADS GGGTDTPI RK RFKLTPPQPT | MPI SI ADRD VGVDTDI LAQ AAAGQPQLTV
EQRAADRFMEAT BHNYAG DYM VPDPQNPNAR VI NPVLLNI T QGPPNVQPRP RQNLDI LDHG
QARHLWGVT ALSHANKPSV TPVKVLSDKI TKI YSDI KPF 15 ADI Ad DVPD TG.PNSASVE
Q QSKMaELR¢rdstidERinRPSF DGYMGNAFAN Q QLNFVMPQ QAQQQQGRGY QQQAQATAQE
AVAAAAVRLL NGNDQ AQLY KDLVKLQRHA GVKKAMEKLA AQQREEDAKNQ GEGDCKQQQG
ASEKSKBeK£X 120 - IRE RE kbt ne\dehditefADL. FTTESFSI YA GVGAGLAHTY GKI DDKDI KG
HTGWASGAL GVAI NAAEGY YVDLEGSYWVH SFSKI EEKYS | NPLMASVGY RYNF - 20

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

b. Reverse Primers:

Gene sequence of 1443-1477 as target, 35 bp
5’-cgectGGATCC tagatttacttattaatattaggt-3’
BamH]1 site

(SEQ ID No. 6)
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WO 03/ 096974 PCT/ US03/ 15072 Primer sets a. Forward prinmers: Cene (125-174
as target gene sequence) 5 -tatgcat aCCATGX aa atagtttatc tgat-3' (SEQ ID
No. 5) MNyOo0B/0%ir€ b. Reverse Priners: Gene sequence of 1243ABAYT50a5
target, 35 bp 5'-cgcctGGATCC tagatttacttattaatattaggt-3' BanH site (SEQ
ID No. 6) -21 WD 03/096974 PCT/ US03/ 15072 SEQ ID NO. 7: PCR anmplified
sequence: 174-1481 nt. Expressed DNA sequence: 184-1458 nt, as 42-466. the
coding region is bold. 174 tatgcat 181 att atg gtaa atagtttatc tgatatagtt
gagccatSEgaID NOe 7afagt angdifisd géquiehce: 224 148t g CExgiresge DN segoaice 1 31438 @pia

ttt aat aatspoapgcading agioptiabsldgcaa 301 gaagtgttct taggttctgg ggttatcatt
gatagttctg ggtatattgt tactaatgag 361 aatgttatag caggagctga aaat at aaaa

gt aaagtytCe,ad tggttc agaactcata 421 gcagaattag ttggtagtga caataaaatt

aatata aaa t.t

{ caaat g(%; &a%@ﬁﬁtsiéé?fmg@ﬁgag{f‘?%ﬁié apgcad Addan 72000

ggaacadiddatatgsl tgg actagcat ¢ggtattagiotttantagi aggintetas ghafc agcéggcat agt a

act gat Qlagadgtzttotitaggtiotgg g tiatcatt gatagttetg ggtatattgt tactaatgag
361 aatgttatag caggagctga aaatataaaa gtaaagttge atgatggttc agaactcata
421 gcagaattag ttggtagtga caataaaatt aatatagctt tattaaaaat taattcteca
481 gcagcattat cttatgcgac ttttggegac tcaaatcagt ctagagtagg agatcaggtt
541 attgcaatag gaagtccttt tggtttaaga ggaacagtaa caaatggcat tatttettet
601 aaaggaccag atatgggtaa cggcatagta actgatttta ttcaaactaa tgetgctatt
661 catatgggta gctttggtgg accgatgttt aatcttgaag gaaaaattat tggaattaat
721 tecattcacg tatcttactc aggcataagt tttgetatte catctaatac tgtacttgaa
781 gcagttgaat gcttaaaaaa aggagaaaaa attcgtegtg gtatgttaaa tgttatgett
841 aatgaattaa ctccagaatt aaatgagaat ttaggactta aacaagatca aaatggagtt
901 ctaataactg aagttataaa agaaggatct gcagcacaat gtggaattge tectggagat
961 gtaattacta aatttcatga taaagagatc aaaacaggga gagatttaca ggtagetgta
1021 tcttcaacta tgcttaattc tgaaagagaa gttgagcettt tacgtaatgg taagtcgatg
1081 actctaaaat gtaaaattat tgccaacaaa ggtgaggata gtgagcaaca aagtaatgat
1141 caaagccttg tggttaatgg tgtaaaattt gttgatctta cacctgattt agtgaagaaa
1201 tataatatta cttcagctaa taataatggg ttatttgtece ttgaagtttc gectaactcet
1261 tcttggggga gatatggttt aaaaatggge ctaagaccta gagatataat tttatcagtt
1321 aaacgtgatg ataataaaaa agatatttct gttaaaactc taagagaaat agtgacaaat
1381 ataaagcata atgaaatttt ctttacagtg caaagaggag atagaatgct ttacattget
1441 ttacctaata ttaataag ta aatctagttt aaaggcgatt t
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661 catatgggta gctttggtgg accgatgttt aatcttgaag gaaaaattat tggaattaat

tccattcacg tatcttactc aggcataagt tttgctattc catctaatac tgtacttgaa

781

gcagtt gaawogse@anaaa aggagaaaaa attcgtcgtg gtatgttaaa tgrcatused/1507841

aatgaattaa ctccagaatt aaatgagaat ttaggactta aacaagatca aaatggagtt 901
ctaataactg aagttataaa agaaggatct gcagcacaat gtggaattgc tcctggagat 961
gtaattacta aatttcatga taaagagatc aaaacaggga gagatttaca ggtagctgta 1021
tcttcaacta tgcttaattc tgaaagagaa gttgagcttt tacgtaatgg taagtcgatg 1081
actctaaaat gtaaaattat tgccaacaaa ggtgaggata gtgagcaaca aagtaatgat _ 1141
caaagcctt g {6t LAFEHEIVEt avIREE AL FH Q%fgbé%é§g§€§?ra§?§aagﬁaﬁ?1&2@%
tataatatta cttcagctaa taataatggg ttatttgtcc ttgaagtttc gcctaactct 1261

t ct t gg@oRya oyt ahgst theasamat MRy R tia Fagat apyst t fuahcugriatigys

aaacgt gat g at aat aaaaa agatatttct gttaaaactc taagagaaat agtgacaaat

1381

at aaageatea nattgaaabet regardad aat (o cderRydgysy fatcagadegepirt acand getopd 448

ttacctaata ttaataag to aatctagttt aaaggcgatt t -22 WO 03/096974
PCT/ USEel5av2ntThe snbéatt veastdyf ecndratllersuod mgdtifiusadésns i aeel,

be obvious that the same may be varied in nmany ways. Such vari ations

721

it will

not t o ikeendigdr dedbaswatHepattielrecdpom hthes Folilowand stapesof the
i nventive subject matter, and all such nodifications are intended to be
within the scope of the following clainms. -23 WD 03/096974 PCT/ US03/ 15072

What is clained is:
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1. A scrub typhus inmunogeni c conposition conprising: an r47 truncated
protein; an r56 truncated protein; and a pharmaceutically acceptable
carrier. WO o03hszonposi tion of claim1, wherein said r47 Pcunset/ed72 protein
is SEQID NO 1. 3. The conposition of claim1l, wherein said r56 truncated
protein is selected fromthe group consisting of SEQID NGs. 2-4. 4. The
conposition of claim1, wherein said r56 truncated protein is any two
proteins selected fromthe group consisting of SEQID NGs. 2-4. 5. The
vaccine of claiml, wherein said r56 truncated protein conprises SEQID
NOs. 2WWhatgispcdgifgd dF:treating a patient suffering from scrub typhus,
the nmethod conprising adm nistering a pharmaceutically effective dose of
anti bodi es rai sed agai nst the conbination of a truncated r47 protein and a
truncated r56 protein. 7. The nethod of claim®6, wherein said dose is
admi ni st-er ed ssgbbutrpRvssIPNUBOIaHEC MeRYS 1ozl §ORPEiswhgrei n said r47
truncated protein is SEQID NO 1. -24 WO 03/096974 PCT/ US03/ 15072
an r47 truncated protein;
an r56 truncated protein; and
a pharmaceutically 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
protein 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 method of treating a patient suffering from scrub typhus,
the method comprising administering a pharmaceutically

effective dose of antibodies raised against the combination

of a truncated r47 protein and a truncated r56 protein.

7. The method of claim 6, wherein said dose is administered
subcutaneously.

8. The method of claim 6, wherein said r47 truncated protein is
SEQ ID NO.1.
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9. The nethod of claim®6, wherein said r56 truncated protein is selected
fromthe group consisting of SEQ ID NGs. 2-4. 10. The nethod of claim6®,
wherei n swO®308074 runcated protein is any two sel ected fPomUSh&1Yroup
consisting of SEQID NOs. 2- 4. 11. The nethod of claim6, wherein said r56
truncated protein conprises SEQ ID NGOs. 2-4. 12. An assay nethod for
detecting scrub typhus conprising:. a., obtaining a sanple from a, subject;
exposi g sd'§ F&kpPe p6 ﬁliﬂﬁbﬁngfﬁ?ﬁ?%ﬁ %le¥6ﬁ%aFéHnFﬂ?e6rE¥%Fﬁlnp&%s a
truncated r56 protein or a |l aboratory produced antibodies to said

conbi nat i on siedegsedy fequi PherdTr W At T569 e S§RoGP NEBnsPséing of ELI SA
pl ates, dot-blot matrices, and hand held chromatographic and flow through
assay dévi c&&e meghpd détetzaimgb amhdiriiresaid $&ied tpporetradconbtadn i on in
said sanple or detecting an antigen to said | aboratory antibodies in said
sanpl e in saydtaesaylequepnbnem W8 dJiveirassag usttihgdodf SEQaimm NQs. wher ei n
said sanple conprises blood, urine or oral fluids. 14. A pharmaceuti cal
conposition4f.or treating an H'V patient conprising antibodies raised
against a truncated r47 protein and a truncated r56 protein selected from
the graup cansi skthgdobf SEQIM 6 NOrherkih ad dCengi Ratheaselihgreeéiand a

phar maceutical |y
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 through 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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-25 WD 03/096974 PCT/ US03/ 15072 acceptable carrier, wherein adm nistration

of said conposition reduces said patients HV viral |oad. 15. The

phar macewO®abonposi tion of claim 14, wherein said truRCRtUSA3/T#72 protein

is SEQID NO 1. 16. An inmmunogeni c conposition against HV infection

conprising a pharmaceutically effective dose of a truncated r47 protein

and a truncated r56 protein selected fromthe graoup cansisting of SEQ ID
ESROFREET it Peaf &

NCs. 2-2FCgRE205fvFARELBhs YRRTRYt 2 & pharPic | §OMBREEPt A e
carrier. 17. The conposition of c]Jaim_16, wherein said truncated r47
pr ot ei FSRICSEQSpEANRRELICNES BIYHATRlc®Ecal conposition for treatnent of
H V pati ent corrgri sing a truncated r56 protein and a pharmaceutically
accept d-e TAer PEATHASERF ACRHNFIMRAITE TN obf cdaid é4npyBrEesn saEYuces sai d
patients viral load. 19. The conposition of claim 18, wherein said r56
prot ei Fruncagedecf@ddrfe bt hes g¥RRUPIAWsi dt-i ng of SEQ ID NOs. 2-4. 20. The
conposition of claim18, wherein said r56 proteinis any tw selected from
the grd¥p cémsiismiinggefi SEQPMEPNGsioP-afaidbt FAY cofposionorombr tdiaignal 8
conprising SEQ ID NGs. 2-4. 22. A nethod of treating an H 'V patient
conpr i sihagmadeunishely ngf fec phas nesutdfcal ltyuekbeetl ve7dpsetein aarid uncat ed
r47 protein and a

truncated 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 r47

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 wviral load.

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

selected from the group 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 method of treating an HIV patient comprising administering

a pharmaceutically effective dose of a truncated r47 protein and a

truncated r56 protein and a pharmaceutically acceptable carrier

wherein administration of said protein reduces said patients viral

load.
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truncated r56 protein and a pharnmaceutically acceptable carrier wherein
adm ni stration of said protein reduces said patients viral load. -26 WO
03/ 096974vB@3H44808/ 15072 23. The nethod of claim 22, wher ecm/usas/thory uncat ed
r56 protein is selected fromthe group consisting of SEQ ID NGCs. 2-4. 24.
The nethod of claim 22, wherein said truncated r56 proteinis any two
selected fromthe group consisting of SEQ ID NGs. 2-4. 25. The nethod of
claim23- mﬁ@ﬁemﬁtgaﬁdoﬁr%%ﬁt‘e%?fr I8 9eiSR 1 $AyPraE8ASERS | Prafeein 2ig,
- 27

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

24, The method of claim 22, wherein said truncated r56 protein is
any two selected from the group consisting of SEQ ID NOs. 2-4.
25. The method of claim 22, wherein said truncated r56 protein

comprises SEQ ID NOs. 2-4.
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