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Cross-reference

This application (1)claims priority under 35 USC
119 (e)based on the filing date of its U.S. Provisional
20 Application No. 60/283373 filed April 13, 2001 and (2) is a
continuation in-part of U.S. Patent Application Serial No.
09/218,425 filed December 18?’1998 which in turn claims
priority under 35USC 119 (e) based on the filing date of its
U.S. Provisional Patent Application No. 60/068,732 filed on
25 December 24, 1997.

Background of the Invention

Some of the most dreadful pandemics in the history of
mankind result from the rapid spread of infectious diseases
caused by virulent pathogenic organisms. These disease

30 states are often accompanied by other opportunistic

infections (viral, protozoal, bacterial or parasitic) and/or



30 states are often acconpani ed by ot her opportunistic infections (viral,
protozoal, bacterial or parasitic) and/or 1 WD 02/083069 PCT/US02/11379 2
di seases woa208306he conprom sed i mune system of i nfectedPCpatsnEn33? There
IS new evidence that new epidem cs are energing throughout the

i ndustrialized, developing and transitional 5 countries of the world.
Today, the rates of reported cases of2di seases are increasing in
exponential proportions and clinical treatnents currently avail able
represent only marginal inprovenents in the managenent of health care in
thi s ar gd.seEFethelueapiod thec ceapesomasele inunber softenf ekt ifeckrdeases
ranges fromalarmng to out of control. Unless inproved treatnents are

f ound t Ipatfignire outl ook for the state of the world' s health is dismal.
The scientific community throughout the world is mndful of the long-felt
need for 15 &ftfesrst ihee Dy svidepty SobSt BAVI aPigendds care ePPaT SRS,
neutralize and/or kill virulent pathogenic organisns or agents, (2)

i nhi bi t thheyghgutf ehat ilodustriapidbd, r épretaring aabnoramsltienakt ed or
altered) cells caused by pathogenic 20 organisns, or agents such as a
virus, kaerarigs faingds, weeddm pol l en, protozoal, and mixtures thereof and
(3) identify effective vaccines, preventive (prophylactic) and therapeutic
treat ments fdlodsat.i éies ratescbddiragolaadnsasen epEspopeesed ahe need to

alleviate 25 suffering and provide confort to human life, the scientific
increasing in exponential proportions and clinical

treatments currently available represent only marginal
improvements in the management of health care in this area.
10 The rapid increase in the number of infectious diseases
ranges from alarming to out of control. Unless improved
treatments are found the future outlook for the state of the
world’s health is dismal. The scientific community
throughout the world is mindful of the long-felt need for
15 effective ways to
(1) substantially reduce, eliminate, neutralize and/or
kill virulent pathogenic organisms or agents,
(2) inhibit the proliferation of rapidly replicating
abnormal (infected or altered) cells caused by pathogenic
20 organisms, or agents such as a virus, bacteria, fungus,
venom, pollen, protozoal, and mixtures thereof and
(3) identify effective vaccines, preventive
(prophylactic) and therapeutic treatments for patients,
including humans. In response to the need to alleviate

25 suffering and provide comfort to human life, the scientific



2 WO 02/ 083069 PCT/US02/11379 3 conmmunity is searching for effective neans
to inhibit the growh of rapidly proliferating abnormal manmalian cells
caused bywpatigsgeni c organi sms within the genus Rickettsi 2CT/tsovii3as O.

t sut suganushi al one and/or in conbination with 5 others. Scrub typhus,
also referred to as chigger-borne rickettsiosis, mte-borne typhus,
Japanese river fever, tropical or ru¥al typhus or tsutsuganushi disease is
an acute, febrile disease caused by infection with Orientia 10 (formerly
Ri ckettsia) tsutsuganushi. It accounts for up to 23%of all febrile

epi sodesCPMMEHdeni S FHLHNG HOTASIEASCPAYPf MEAREgEEN 1PBIPIFhENGi sease is
characterized by a rise in body tenperature, skin rash and severe
headaché%?OWWHEQf(ﬁ%ﬂ%ﬂﬁyrﬁﬂP%ﬁﬁ%&ﬂFlFﬁeaP€P¥HG% BoaFahiani €RLEFi nical 15
mani festati ons such as delirium stupor and nuscle fibrillation. The death
rate varfassed i PatdRER it pasdig o ithéNgbbgr dpRIEaRIFEGFBRES . Scrub
typhus, transmtted to mammal s (including humans and cattle) through the
bi te of SYGhyA% RobitEG oAUy é‘rltoﬁffoﬁé‘ég)?ri dnpgPEPEBREEPY WigR in 20
Sout h- East Asia, Korea, Russia, Australia, China, Japan and India. The

i nci FencERFrYi sease has increased in some countries during the past
several years (6). The causative organismis transmtted to human through
the bite of t398AR romifd i Rifia esfeThedorgapfsABidPBTFBAKAE 25 t hr oughout

the mte's body, but the highest nunber occurs in 3 WO 02/083069
PCT/ USO¥ jeketgsiosis, mite-borne typhus, Japanese river fever,

tropical or rural typhus or tsutsugamushi disease ig an
acute,{febrile disease caused by infection with Orientia

10 (formerly Rickettsia) tsutsugamushi. It accounts for up to
23% of all febrile episodes in endemic areas of the Asia-
Pacific region (5). The disease is characterized by a rise
in body temperafure, skin rash and severe headaches. This
disease may affect the nervous system, with clinical

15 manifestations such as delirium, stupor and muscle
fibrillation. The death rate varies from 1 to 60% depending
on the geographical regions. Scrub typhus, transmitted to
mammals (including humans and cattle) through the bite of
tiny trobiculid mites (arthropods) ig particularly high in

20 South-East Asia, Korea, Russia, Australia, China, Japan and
India. The incidence of disease has increased in some
countries during the past several years (6).

The causative organism is transmitted to human through

the bite of tiny trobiculid mites. The organisms are found

25 throughout the mite’s body, but the highest number occurs in



4 the salivary glands. Wien the mtes feeds on mammuals, including cattle,
rodents or humans, the di sease causing organisns are transmtted fromthe
mte to tWe o836t ebrate host (subject). Srub typhus inf@ecriusnyimre
usually found in 5 people engaged in activities that bring them
i nadvertently in contact wwth mte-infested habitats or any invertebrate
host-carrier of these anthropods. These hosts may include sonesticated,
non-donesticated or farmaninmals, such as cattle or rodents. These hosts
may be carrying mtes which 10 have not begun to feed on them In this
case, whe td ivest gilendatt | Bhenhehei metestesedarmrbenammmbierred from
cattle to people. Individuals particularly susceptiable include butchers,
meat wor Kexcd uddmionebttaem wodkets andhondess thehgdgebsa oansfowr activities.
These persons could be 15 infected by comng into contact with these
m t e- caorgamg sngniamel sraAddittedabrgn thdenite dte Tapabheenfelyamte/i ng and
spreading infected mtes to people in popul ated areas. Only | arval
Lept ot r dvisitdi (smibgietes . f eédubntyehtebiafect host sarThesuak val fgrdntcesiracquire
O tsutsugama through their 20 fermale parent. This type of pathogen
recept i @eopsd ecanbedetit iansovariaiesr ansmi lssimn. thanciemadagsiarntitled to t he
host, the organismincubates for about 10 to 12 days. From5 to 8 days
after infhecongact aidhl niteatnfashedaalappeas af |amyemvdwetdiuhte especial ly
on 25 the trunk. Mrtality ranges from1l to 60% Death either 4 WO
02/ 083062 sPCTaUBA2L1087Bhe8e oguthsomsda. di Tezse rlesziis mey thecldidsease, or
from secondary

somesticated, non-domesticated or farm animals, such as

cattle or rodents. These hosts may be carrying mites which
10 have not begun to feed on them. In this case, when the host
is cattle, the live mites can be transferred from cattle to
people. Individuals barticularly susceptiable include
butchers, meatworkers, animal-farm workers and others
engaged in outdoor activities. These persons could be
15 infected by coming into contact with these mite-carrying
animals. Additionally, rodents are capable of carrying and
spreading infected mites to people in populated areas.
Only larval Leptotrombidium mites feed on vertebrate
hosts. The larval mites acquire O. tsutsugama through their
20 female parent. This type of pathogen reception is called
“traﬁsovarial transmission.”
Once transmitted to the host, the organism incubates
for about 10 to 12 days. From 5 to 8 days after infection,
a dull read rash may appear all over the body, especially on

25 the trunk. Mortality ranges from 1 to 60%. Death either



effects, such as bacterial pneunonia, encephalitis, or <circulatory
failure. If death occurs, it is usually by the end of the second week of

i nf ecti orwODedgdobe t hese tragic 5 statistics, many peopl epParasoziBhe worl d
do not understand or believe how deadly scrub typhus can be until it is
too late. Unfortunately, too many people are unwittingly dancing with
death. Field of the Invention 10 Thi s5invention relates to detecting
exposure to and identification of mcroorganisns by the use of

serodi agnosti ¢ assays, and nore specifically to detecting expqQsure to and
i dent i fiREEHoh FDOVRI G5 urRsitidd S dths figreasa: |°§a§F°5‘n§e§PF‘§FHYof
Orientia tsutsuganmushi based on its 15 strength in_reactivity.

Addi ti orfaf FS5ES hi SUGhRALPIAT §EIa RPCWR e SRGEROEI SR 16 PEcci nes,

passi ve prophylactic or. therapeutic _agents and detection_or_ideptification
r eagent s?lﬁ?féy%)q%’aﬂc?%lbf%ucﬁ ideadde QCFRSe Wit St Ne¥eidAVeRYi bA®may  be
conbi ned with_ other pharmaceutically-acceptabl e bioactive 20 substances.
Descri pt$¥h ®f B¢ oFeoend Hgib afy grtfeatd Caus&@shy-te. thegestgadushi, a gram
negative bacterjum In contrast to other gram_negative bacteria, O

t sut Sugatiahl SHeES neldRErPEIPGH ATREKE Higr iMP& 195 ORoroh HBREFEbER{can | ayer
(1) and the ultrastructure_of its_ cell wall differs significantly from

t hose of°F tRekigcedton dg3dly G308y EfEsER Prontslr eFatPvESC t he typhus
and spotted fever group species in the genus Rickettsia (:]%_3). The maj or

surf ace b@%@eirp%§Q¥EHﬁPQﬁ1Yr too many people are unwitting

dancing with death.

Field of the Invention

10 This invention relates to detecting exposure to and
identification of microorganisms by the use of
serodiagnostic assays, and more specifically to detecting
exposure to and'identification toward a truncated protein of
at least one strain of Orientia tsutsugamushi based on its

15 strength in reactivity. Additionally, this invention related
to the production of vaccines, passive prophylactic or
therapeutic agents and detection or identification reagents.

The products produced in accordance with this invéntion may
be combined with other pharmaceutically-acceptable biocactive

20 substances.

Description of Prior Art

Scrub typhus is caused by O. tsutsugamushi, a gram
negative bacterium. In contrast to other gram negative
bacteria, O. tsutsugamushi has neither lipopoly-saccharide

25 nor a peptidoglycan layer (1) and the ultrastructure of its

cell wall differs significantly from those of its closest



0. tsutsuganmushi is the variable 56 kDa protein which accounts for 10-15%
of its total protein (16, 28). Mst 5 type-specific nonocl onal antibodies
to Oientwaowessosd with honol ogues of the 56 kDa protein @CéUSBA1134®). Sera
from nost patients with scrub typhus recognize this protein, suggesting
that it is a good candidate for use as a diagnostic antigen (28). 10

Di agnosi s of scrub typhus is generally based on the «clinical presentation
and the history of a patient. However, differentiating scrub typhus from
other acute tropical febrile illnesses such as |eptospirosis, nurine

t yphus, arja, dengue fever, and viral. henorrhagic fevers 15 ¢ be

diy1l‘o ficul FehRTHRY o?nfgei ﬁ&@?‘%ﬁ |%HC? FREEGSE &SRS § Iupsfﬁ\étc&ﬁﬁ. 1B Sﬁ?y
sensitive_pol r.ase, chai eact.i on (.P t ho i ssible to
det ect Ogeﬁ%%ggﬁaé & %ae£5£%hghgﬁgggCgﬁéﬁfﬁﬁggsg&ﬁ%%‘%hgggggﬁﬁt??ers are

not hi ghoenough. L0, g et ectat (I e 38) 5rBCB-ARL Lalhon of 20 the

56 kDa protein gene has been denponstrated to be a reliable diagnostic

net hod fQi-Sehtd dywhus. (S, 048) s daHingrReen ditff,enent. gematypes
associated wth different Oientia serotypes could be identified by

anal ysi st pbe - ¥ogd il € niRP Il driiiibogare Wwot leudlertsal akken afithhe 25
organism (14, 17, 18, 25, 39). However, gene anplification requires

sophi st i batebduest rafreriteats Orknpraagent(d 6 ,geder a2y néeravdicbabl e i n nost
rural nedical facilities., 6 W 02/083069 PCT/US02/11379 7 Current

ser odi aghos!t | patbsgdys wildh seruthad ypidis gecodiigen SpdsoRir@asdne| | P) test and

the indirect . . _
suggesting that it is a good candidate for use as a

diagnostic antigen (28).

10 Diagnosis of scrub typhus is generally based on the
clinical presentation and the history of a patient.
However, differentiating scrub typhus from other acute
tropical febrile illnesses such as leptospirosis, murine
typhus, malaria, dengue fever, and viral hemorrhagic fevers

15 can be difficult because of the similarities in signs and
symptoms. Highly sensitive polymerase chain reaction (PCR)
methods have made it possible to detect 0. tsutsugamushi at
the onset of illness when antibody titers are not high
enough to be detected (14, 19, 36). PCR amplification of

20 the 56 kDa protein gene has been demonstrated to be a
reliable diagnostic method for scrub typhus (14, 18).
Furthermore, different gehotypes associated with different
Orientia serotypes could be identified by analysis of
variable regions of this gene without isolation of the

25 organism (14, 17, 18, 25, 39). However, gene amplification
requires sophisticated instrumentation and reagents

generally not available in most rural medical facilities.



i mmunof | uorescent anti body (1 FA) or m croi nmunofl uorescent antibody (MF)
tests require the propagation of rickettsiae 5 in infected yolk sacs of
enbr yonatwo oel8mwken eggs or antibiotic free cell culture®CfAS0203780, 43).
At the present tine the only commercially available dot-blot inmunologic
assay kits (D p-S-Ticks) requires tissue culture grown, Renografin density
gradient purified, 10 whole cell antigen (41). Only a few specialized

| aboratories have the ability to culture and purify O tsutsuganushi since
this requi res bi osafety level 3 (BL3) facilities and practices. The

il abili t ket t I t e I whi ch b
ot oduged SIS T HERAF e o hEE. AdCRBVE S AETar Sensi 1 vi by and

speci fi cjltrm{%%(gpéf&&e& tsse a(Iq_Elgl \E%%ta%tﬂdg%ﬂ% %th?yEeat ly reduce the cost,

t ranspor reproduci bi'li ty proble resen associated with
di agnostiimtest Kl LhAL Qi e e @@@M Braﬁ‘x.dLcEHEh&hﬁéHQSxQEcéﬁ@kEt tsiae.
Furthernore, large- 20 scale growmh and purification of the scrub typhus

rickett sdxei B6@®, P )biddsvel )fe@&ﬁ@%sh‘ﬁ% pRepeght Yonaot ec0ahEpestad6 kDa
protein fromBoryong strain fused with naltose binding protein was shown

to bs sintabfe-tfal ydilagresiss off eabirybnbypiushi akaneagyseoki nked 25

i mmunosor bent assay (ELISA) and passive hemaggl utination test (21, 22).

Al t houghartthilsiqiriot eirecoverldomed tsges dft, t Be, abové3descri bed di sadvant ages,
it still has certain inherent 7 WO 02/083069 PCT/US02/11379 8

di sadvant agePtasthh niesgptr ddgenthiseondyecpimpsciat ligi avial pabtei n.

dot-blot immunologic assay kits (Dip-S-Ticks) requires
tissue culture grown, Renografin density gradient purified,

10 whole cell antigen (41). Only a few specialized
laboratories have the ability to culture and purify O.
tsutsugamushi since this requires biosafety level 3 (BL3)
facilities and practices. The availability of recombinant
rickettsial protein antigens which can be produced and

15 purified in large amounts and have similar sensitivity and
specificity to rickettsia-derived antigens would greatly
reduce the cost, transport, and reproducibility problems
presently associated with diagnostic tests which require the
growth and purification of rickettsiae. Furthermore, large-

20 scale growth and purification of the scrub typhus
rickettsiae are prohibitively expensive.

Recently, a recombinant 56 kDa protein from Boryong
strain fused with maltose binding protein was shown to be
suitable for diagnosis of scrub typhus in a enzyme-linked

25 immunosorbent assay (ELISA) and passive hemagglutination
test (21, 22). Although this protein overcomes some of the

above-described disadvantages, it still has certain inherent



SUMMARY COF THE | NVENTI ON Accordingly, an object of this inventionis a 5
reconbi nant DNA construct and expressed pol ypepti de possessi ng i nmunogeni c
regi ons fwooehgsokarp, Kato and G lliamstrains of O tsuPSTgsnsisng

Anot her object of the invention, as described herein, is a reconbinant

pol ypepti de encoding a portion of the 56 10 kDa protein of O tsutsuganushi
encoded by amno acids 80 to 456 for8Karp strain SEQ ID NO : 1, 81-453 for
Kato strain SEQ ID No.: 4 and 81-448 for Glliamstrain SEQID NO.: 5. A

still further obj ect of the invention is a reconbinant truncated 56 kDa

pol ypept i h is re-fol ded 15to I,V IuIe noi e n additional
bbj set | of TSRS 10 116 Lireuce i PoPelle e tPesortridn:
pol ypepgé]ld@?é%l.antl body based assays for i nproved net hods for the

detecti t sustuganushi exposure and/or identification of at |east

one of its Kario, 20 Kato asyMedRY M stfaiiRgenArTogsearch and in clinical
sanples. Yet another object of the invention is the expression of

truncated r5Gqadypepidesd nuiddengnthiestnkaakgbaundsa of bacteri al
strains for use in different vaccine formnul ati ons agai nst scrub typhus

i nf ect i arecéhoifivese A airerrely eads expbeatseds padgpagvadeages of the
present invention are described in or are apparent fromthe follow ng
det ai | ecbaesys g dmrofnqgestiar mediomsodiomeibe. K8rD B2L083069

PCT/ US02/ 11379 9 BRI EF DESCRI PTI ON OF THE DRAW NGS The invention will be
further @elslrdbeth 1@ ine rdf & erfeditsugamushi.

Another object of the invention, as described herein,

is a recombinant polypeptide encoding a portion of the 56

10 kDa protein of O. tsutsugamushi encoded by amino acids 80 to
456 for Karp strain SEQ ID NO.: 1, 81-453 for Kato strain
SEQ ID No.: 4 and 81-448 for Gilliam strain SEQ ID NO.: 5.

A still further object of the invention is a
recombinant truncated 56 kDa polypeptide which is re-folded

15 to give a soluble moiety.

An additional object of this invention is the use of at
least one recombinant polypeptide in antibody based assays
for improved methods for the detection of 0. tsustugamushi
exposure and/or identification of at least one of its Karp,

20 Kato or Gilliam strains in research and in clinical samples.

Yet another object of the invention is the expression
of truncated r56 polypeptides in different host backgrounds
of bacterial strains for use in different vaccine
formulations against scrub typhus infection.

25 These and other objects, features and advantages of the
present invention are described in or are apparent trom the

following detailed description of preferred embodimehts.



to the drawings, in which |ike elenments have been denoted throughout by

| i ke reference nunerals. The representation 5 in each of the figures is

di agrammewpD@2@sseno attenpt is nade to indicate actual searasopri3pyeci se
rati os. Proportional relationships are shown as approxi mations. Figure 1
shows the strategy for cloning and 10 construction of pWML that expresses
the truncated reconbinant 56 kDa prodein antigen from O tsutsuganushi
Karp strain. Figure 2 shows the HPLC i on exchange profile for the 15
purification of r56. The insert shows the Coomassie blue staining (A and
Western bl ot anal ySi\?@éE%\FOf the two peak fractions at 25 (left |ane) and
27 min (right |ane) PR L H O fTREV DRAENGS) Fj gure 3 shows t he

i I d f.ol ded 4. sh
of | ELI SA 1 GG Bty 61 ":rs and (01 SCELCCHGARER, “KaRp SLF AFRCTNGl o col |

I t 5 T 8
Pg'? Ugovgélrl]ﬂqfé drrfga Igg?dr eE’S lg\?éﬁgigcg? 'EL' g?é%%mﬁ% Igéégd%%ﬁgr%act ivity of
128 Thaipabi s %I@alqwealr@%@r\édntc@ hohded1556 and tO8ro6aKESEPORdI NG 11P

t est Ithlters igure 6 shows a scattergramof IgM ELISA reactivity of

128 Fhaiipatd@ntorsena ehtair-eediw Bhabehfrdr186a3adnd herte@ptesponding 11 P
test IgMtiters. Figure shows the tine course of IgMand 1gG 10

react i viriadeoft canfdircnee caseslokcatesboryphasiby Eht SAswith

Proportional relationships are shown as approximations.

Figure 1 shows the strategy for cloning and
10 construction of pWMl that expresses the truncated
recombinant 56 kDa protein antigen from O. tsutsugamushi

Karp strain.

Figure 2 shows the HPLC ion exchange profile for the

15 purification of r56. The insert shows the Coomassie blue
staining (A) and Western blot analysis (B) of the two peak
fractions at 25 (left lane) and 27 min (right lane) which

contain most of the r56.

20 Figure 3 shows the circular dichroism spectrum of

refolded r56.

Figure 4 shows a comparison of ELISA IgG reactivity of
r56 and O. tsutsugamushi Karp strain whole cell lysate with

25 rabbit antisera (see Table 1).



fol ded r56 as antigen. DETAI LED DESCRI PTI ON There is a. critical need for
rapi d assays for the determ nation of exposure to Orientia tsutsuganushi,
the 15 cawearirsm®eagent of scrub typhus. Currently avail ablPeTaseays79 require
bacterial antigen which nust be purified by extrenely |abor intensive

met hods after first propagating the organismin specialized |aboratories
(BSL-3). Furthernore, there is curréftly no efficacious vaccine for. 20
scrub typhus. Reconbi nantly produced protein antigens of O tsutsuganushi
and recogni zed by specific antibodies would greatly facilitate the

ractical use,of anti-scrub typh si-nee LE

Broduced_ hDrSFle%%Jﬁepn% ca ?“S/S. azé%ﬁﬁietri%%%gﬁ’f, 'I‘?’g;c%ng.gﬁgﬁgg‘g%?%g’gt ?ges can
be used jjy Slk&b%i i HACHAES o %ﬁ)ﬁ@d@%/i@%39@QdB§T4_»9§0§A&.1§K8 11 1n
accordance w the practice of this invention, a reconbinant, refol ded

non- f usi @hr-RAUYHepiider exprassadd tamera .t runcated r56 gene of the
causative agent of scrub typhus, Oienta tsutsuganushi for the Karp, Kato
and Glliamstrains 5 has been produced. The invention is useful for
detecting prior exposure to scrub typhus, screening for and/or

i denbi fi cati chigfrats |dasts enecanftecgirams ot TgMNEBLAR| aeacyivityeofa
Karp-like, Kato-like, or Glliamlike strain) based on its strength of
reacti onl2wWral Patisrdatssrapobteinegnyitd 4sldedonponend Fhevacci ne
formul ati ons and production of _ i mune gl obulins for passive prophylaxis
and i TMmfREsEIRPRAiNg IIP test IgM titers.

Figure 7 shows the time course of IgM and IgG
10 reactivity of confirmed cases of scrub typhus by ELISA with
folded r56 as antigen.

DETAILED DESCRIPTION

There is a, critical need for rapid assays for the
determination of exposure to Orientia tsutsugamushi, the
15 causative agent of scrub typhus. Currently available assays
require bacterial antigen which must be purified by
extremely labor intensive methods after first propagating
the organism in specialized laboratories (BSL-3).
Furthermore, there is currently no efficacious vaccine for
20 scrub typhus.

Recombinantly produced protein antigens of O.
tsutsugamushi and recognized by specific antibodies would
greatly facilitate the practical use of anti-scrub typhus
assays since the protein can be produced more economically.

25 Additionally, recombinant polypeptides can be used in sub-

unit wvaccines.

10



subj ects. The 56 kDa.protein of 0. tsutsuganushi is extrenely abundant in
the bacteria and is highly i munogenic. Although 15 the use of reconbi nant
56 kDa prwDeRnsfsom 0. tsutsugamushi has been reported, i|iPCRASOpIBduced as
a fusion peptide which creates a nunber of inherent disadvantages,

i ncluding reduced inmunogenicity due to inproper folding of the bacteria
pol ypeptide. To overcone these problehs a non 20 fusion, reconbinant

pol ypeptide from 56 kDa protein was produced using the foll ow ng

alternative procedures designated herein as PROCEDURES | and Il to express
and purifyr r . G 1d i.gm st Furt her nor e,
as illustrat egghé%%mﬁ ?Scé gt%ro%gcﬁgdétol © ééQ%g$ er}&:lo ™% Srder to

ensure prepgfni AhALNIrofo1h8q ﬂeﬁyp@ﬁarg?@fﬁé éf@@%@f&geda&%%herefore
enhanced i nmune recognition, a truncated recombi nant kDa gene was

created altrWe-Q2L8830695E64/ &Jﬁogﬁéheg&atllzf%ég}’éﬁ&%ﬂ raded itgpheseat ed at
specific points (Seq |D!%O The truncated 56 kDa gene is then

expr essedriehing teﬁtbﬁgamnsﬁxpfess&mﬂlKamﬁxﬂﬁatdﬂﬁnﬂiﬁﬁﬂﬂﬁameéxrae@snbinant
pol ypeptide is then use as antigen in anti body based assays 5 and to induce
an i rirunbasebpenseragacadt sThebinyghuon e usgfacdl ficatdedreagéngr al |y uses
the Karp strain for illustrative purposes only, as the follow ng exanples
appl y @réPﬁeﬁEXBWlanst@fS@@%u@@@éﬁmﬁﬂreqwmdﬁ% age’Kato and G lliam

strains. ;10 Exappl e, 1 d oni ng. And ressi on & Reconbi nant 56 kDa Cene.
identification of at least o e infectious strain-similarity

(i.e. a Karp-like, Kato-like, or Gilliam-like strain) based
on its strength of reaction toward a truncated protein and

10 as a éémponent in vaccine formulations and production of
immune globulins for passive prophylaxis and immunity in
subjects.

The 56 kDa, protein of O. tsutsugamushi is extremely
abundant in the bacteria and is highly immunogenic. Although

15 the use of recombinant 56 kDa protein from O. tsutsugamushi

| has been reported, it was produced as a fusion peptide which
creates a number of inherent disadvantages, including
reduced immunogenicity due to improper folding of the
bacteria polypeptide. To overcome these problems a non-

20 fusion, recombinant polypeptide from 56 kDa protein was
produced using the following alternative procedures
designated herein as PROCEDURES I and II to express and
purify r56 from the Karp, Kato and/or Gilliam strains.
Furthermore, as illustrated herein for the production of SEQ

25 ID No. 1,in oxder to ensure proper folding of the
polypeptide after translation, and therefore enhanced immune

recognition, a truncated recombinant 56 kDa gene was created

11



As shown in Figure 1, a priner pair (56F(226/261), 5'-
TTGGCTGCACATATGACAATCCCTCCAGGAT TTAGA-3' (Seq. I D No. 2) and

56R( 1409/WBa3)83069 - CTTTCTAGAAGTATAAGCTAACCCGGATCC 15 AACACCAGSCYABMI TGA- 3
(Seq. 1D No. 3) was designed using the nucleotide sequence of the open
reading frame for the Karp 56 kDa protein (34). The respective restriction
sites for Nde | and BanH | are underld2d ned and the new initiation codon
and reverse conpl enment of the new stop codon are shown in 20 bold and
italic, respectively. The forward primer 56F(226/261) contained the

met hi oni n,.at. resid e Nde |
recogni (1o setiane bl calared B Wt d e hBor 6 05k 2k % an

al teratipn, ofne el QY 18 QAR Al HeSidue 434-E8s835LARnEOdON and 25
contained a BanH | site. The coding sequence fromanmno acid 80 to 456 was

anpl i fi ege byc potty nBiAses Gha @gs%@ftsj .On ThiBCRYrunusteg, t BecakBygapti Mers,
fromDNA isolated from 12 WO 02/ 083069 PCT/ US02/ 11379 13 pl aque-purified
O tsut sugympesdt 1 daris sthead ms@r @WN aint igehr ddi ahedbb829baskHsagd8ys The
truncated 56 kDa gene was anplified in a mxture of 400 nM each of
deox§nucimebdttiadei ndudeglros phatee resionfsecaghipsinecrub. syphuot. TagGheol yner ase
5 (Perkin-Elnmer, CA) in 10 nM Tris-HC buffer, pH 8.3, 1.5 M MO 2, and
50 mM K@RedHel FiR qre gsriedd s ustesr tée Wtk $5ragacfar 80C, 4 min at 94C,
and followed by 30 cycles of 94C for 1 mn, 57C for 2 min and 72C for 2

m n. Theﬂlja%sttr%tyﬂc‘{ee RugPoserteRded f 67 FPRi AOaLovsed ‘?ﬁ@mﬁﬁﬁﬁi fPRYY 10

fragnment_ (1.18 kb) was di ted with Nde.l. (Biolah, M), an BanH.l (Life
Technol66§f3%&$reﬁﬁfﬁﬁﬂfaf%g%ﬁﬁﬁﬁ%ﬁgﬁﬁvahl’ 1nc&uging %he gato and
Gilliam strains.

10 Example 1

Cloning And Expression Of Recombinant 56 kDa Gene.

As shown in Figure 1, a primer pair (56F(226/261), 5'-
TTGGCTGCACATATGACAATCGCTCCAGGAT TTAGA-3' (Seq. ID No. 2) and
56R(1409/1363), 5’'-CTTTCTAGAAGTATAAGCTAACCCGGATCC

15 AACACCAGCCTATATTGA-3' (Seqg. ID No. 3) was designed using the
nucleotide sequence of the open reading frame for the Karp
56 kDa protein (34). The respective restriction sites for
Nde I and BamH I are underlined and the new initiation codon
and reverse complement of the new stop codon are shown in

20 bold and italic, respectively. The forward primer
56F (226/261) contained the methionine initiation codon, at
residue 80, which is part of the Nde I recognition sequence.
The reverse primer 56R(1409/1363) created an alteration of
the tyrosine codon at residue 457 to a stop codon and

25 contained a BamH I site. The coding sequence from amino
acid 80 to 456 was amplified by polymerase chain reaction

(PCR), using the above primers, from DNA isolated from

12



di gest ed expression vector. Any plasmd or viral expression systemcan be
used as long as polypeptide is expressed. The preferred expression system
i s the plaemds®yst em pET11la 15 (Novagen, W) (Figure 1) t®Cyiusoz113ne
expression system pWML. The E. coli strain HB101 was transforned with the
ligation mxture and col onies screened for inserts with the right size
and orientation. Expressed r56 is comsStructed such that the NNtermnal 20
79 residues or the CGtermnal 77 residues of the intact 56 kDa protein, as
deduced fromthe open reading frame of its encoding gene, is not present.

Bot h regi.ons del et.ed re redicted to he relatively hydrophobi ¢ and be
r esponsi %@uﬁﬁﬁ“3§§6¥féfi&% SFﬁaﬁﬁékFigﬁﬁ?t??ﬁéyaugﬁ?%ﬁe ran;. 25
Truncat i.Qn__of. i rmni, facikita t i t essed
pol ypoptitdsiai i hsrd elie k11 fofier,PEuhERDEd' B, e (fne SEN

sinplif%g&%%gﬂ %fi%ﬁ%dhgﬁgur%3o¥[%98/9§3Q§ghpgg7&5@£§ﬁ&§ﬂ§otﬂﬁeFmrifiCatio”

of The rotein. smds carrying the insert of the truncated and

anpl i fi ed ;56 Jemagene j1ang Yragstar pedmkat 01t beueapr@&gi@@lyrh@lsas&. col i

BL21. The optinmumtine and | PTG concentration 5 for r56 expression is
det esm nedrkReceriiergnical. igolb mExpressHOy bhbrfere g osuws pvermight at 37C
with shaking. Cell pellets from100 m cultures are resuspended in 3 m of
buf fer MNgC20, mdhdr 58- HTIKCPH 8T , PCO Mt ati ingn SvaeM ERRAegnavith M9 PVBF.
U trasonic disrugtion of the CQJI is perforned 10 with cooling on i ce.
Di srupt ég¢ccelt] 89XEr aétmis aen?tiGuged fallewedoby §Of svcdesnPh. 9%He pellets
are vortexed to a , )
for 1 min, 57°C for 2 min and 72°C for 2 min. The last
cycle was extended for 7 min at 72°C. The amplified
10 fragment (1.18 kb) was digested with Nde I (BioLab, MA) and
Bamd I (Life Technology, MD) and ligated with doubly
digested expression vector. Any plasmid or viral expression
system can be ugsed as long as polypeptide is expressed. The
preferred expression system is the plasmid system pETlla
15 (Novagen, WI) (Figure 1) to yield the expression system pWM1l.
The E. coli strain HB10l1 was transformed with the ligation
mixture and colonies screened for inserts with the right
size and orientation.
Expressed r56 is constructed such that the N-terminal
20 79 residues or the C-terminal 77 residues of the intact 56
kDa protein, as deduced from the open reading frame of its
encoding gene, is not present. Both regions deleted were
predicted to be relatively hydrophobic and be responsible
for association with the rickettsial outer membrane.
25 Truncation of these termini facilitate the refolding of the

expressed polypeptide and favors its solubility in aqueous

solutions and simplification of handling.
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honbgeneous suspension with 2 Murea in buffer A placed on a shaker at
roomtenperature for an additional 10 mn, centrifuged for 5 mn at 14, 000
rpmin arwBppessdey f 15 centrifuge (nodel 5415). The entir @Cprusorss74 s t hen
repeated with 4 Murea in buffer A Finally the pellets are dissolved in 8
Murea in buffer A and applied onto an HPLC ion exchange (DEAF) col um
(Waters, 0.75 cmx 7.5 cm for fractionation. Proteins are eluted with a
| i near gradient 20 of buffer B and buffer C (6 Murea and 2 MNaCd in
buffer A) fromO0.0 to 0.4 MNaC over 30 mn at a flowrate of 0.5
m/mn. Fracgtions,are col]l ected tylg)i call]y at one mn per fraction. For a
typi cal FHAILAGRELIR n@t ofReE 27 DAY act obtained froma total of 10 ni
ed

I t is | ont 0. the cal unn (Fi . Th f rse i
et ons” wabl et S i e more sBl chuecRE e Rrec ! ons” with
i ifi i | iLni 083069
pct UsootinsEEPe S JnE Gy b e e AR Y B e oe gene,
are al sgoapakyzegd; pyaS0S- PAGL. and Vest nimebhokt kBgq E%ﬁfcleﬂ@r% Eon

Pol ypepti de Expression by Dot-Bl ot |munoassay. Fractions collected from

HPLC ar efger esfeshkd 0 sd £h 5 PAARaptiie by rdebmbli abn@ssry coAi2 | sanpl e of
each eluted fraction is diluted into 200 | of water and applied to a well
of a 96- eepledoidd ati®rafsScht@irc heremnidihSc htteB7yC wAfh eshakimdg under
vacuum for 5 mn, the nitrocellul ose nenbrane is blocked with 5% nonfat

m | k forC8Dl npel letteent ddn i Mubelt ediivdesmemec kesakbprantebody BpiSbcoEpeci fic

for Karp 56 kDa protein antigen (23) for one hr, washed 4 tinmes with
buffer A (20 mM Tris-HCl, pH 8.0), containing 5 mM EDTA and

1 mM PMSF. Ultrasonic disruption of the cell is performed

10 with cooling on ice. Disrupted cell extract is centrifuged
at 8,000 x g for 30 min. 'The pellets are vortexed to a
homogeneous suspension with 2 M urea in buffer A, placed on
a shaker at room temperature for an additional 10 min,
centrifuged for 5 min at 14,000 rpm in an Eppendorf

15 centrifuge (model 5415). The entire process is then
repeated with 4 M urea in buffer A. Finally the pellets are
dissolved in 8 M urea in buffer A and applied onto an HPLC
ion exchange (DEAE) column (Waters, 0.75 cm x 7.5 cm) for
fractionation. Proteins are eluted with a linear gradient

20 of buffer B and buffer C (6 M urea and 2 M NaCl in buffer A)
from 0.0 to 0.4 M NaCl over 30 min at a flow rate of 0.5
ml/min. Fractions are collected, typically at one min per
fraction. For a typical run, approximately 200 pl of
extract obtained from a total of 10 ml culture is loaded

25 onto the column (Figure 2). The presence of r56 in fractions
was detected by dot-blot immunocassay. Positive fractions

with significant amounts of protein, presumably containing

14



phosphate buffer saline (PBS) 5 mn each tine, and incubated wth

per oxi dase conjugated goat anti-nmouse 1gG (H+L) (Bio- Rad Laboratories) for
30 min. AVOer/osmshi ng with PBS 5 15 tines for 5 mn, subsPcatusozol3nd i on
containing 5:5:1 ratio of TMB peroxidase substrate, hydrogen peroxide
solution, and TMB nenbrane enhancer (Kirkegaard and Perry Laboratories) is
added onto the nitrocellul ose nenbradé. The enzynmtic reaction is stopped
after 2 mn by washing the nenbrane in 20 distilled water. The
above-descri bed test can be incorporated into any dot-blot, spot or

di pstic - ruct e r : r nsiyely scri bed
in thekep I or %ﬁ%s %\fti%%ng%?gﬁgggan g{pggﬁ?g??ge% ?%%/g %%M%bn?]??nnti on of
the i denfiidy &Ialtlg}h%dmyfyr@,@@t@ﬁégl sndcqabieprdnLbycaghgo acid sequence

anal ysis of SDS-PAGE 15 WO 02/083069 PCT/US02/ 11379 16 purified, CNBr

cl eaved fdsagmentioofpdiRpepeakel EapiteRsoh7by DBE-BROUENMREnEaEsagentical to
t hat deduced Trom nucleotide. Refolding of r56. HPLC fractions, in 6M
urea, contai rErgpedls dodlecpebyfep HeLAr erpostedenand Seguehsi al |y

di al yzed against 4 M urea and 2 Murea in buffer A and finally with buffer
A 0Bl y polhwdrtiale divaldpsi-blos agabmst BuRfpt fewmpid ehweat¢hieiaiethanges
of buffer for 30 mn each, and finall overnight at 4C. r56 is properly

f ol ded finaedidie 1F0 didrsepinge ?@ﬁapisogo?’ﬁbﬁé A pReied 4P th no urea

present., Gy el ar R Shng' Sm L)  SPCGEMTL LN 2Ouna schueln) . |

After drying under vacuum for 5 min, the nitrocellulose

membrane is blocked with 5% nonfat milk for 30 min, then

10 incubated with monoclonal antibody Kp56c specific for Karp
56 kDa protein antigen (23) for one hr, washed 4 times with
phosphate buffer saline (PBS) 5 min each time, and incubated
with peroxidase, conjugated goat anti-mouse IgG (H+L) (Bio-
Rad Laboratories) for 30 min. After washing with PBS 5

15 times for 5 min, substrate solution containing 5:5:1 ratio
of TMB peroxidase substrate, hydrogen peroxide solution, and
TMB membrane enhancer (Kirkegaard and Perry Laboratories) is
added onto the nitrocellulose membrane. The enzymatic
reaction is stopped after 2 min by washing the membrane in

20 distilled water. The above-described test can be
incorporated into any dot-blot, spot or dipstick type test
structure. These structures are extensively described in
the prior art.

Confirmation of Polypeptide Identity.

25 Confirmation of the identity of the polypeptide is

confirmed by amino acid sequence analysis of SDS-PAGE
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The circul ar dichroismspectrumof refol ded r56 was neasured on a JASCO
nodel 715 in Dr. Ettore Apella=s 15 |aboratory in NIH, Bethesda, MD. Data
wer e analwyoadokspedr . Latchezar |. Tsonev, Henry Jackson Polrusar/inom
Rockville, NMD, at a protein concentration of 117 g/m in 20 M TrisHC ,
pH 8.0 and the cal cul ated nol ecul ar wei ght of 40,903 dalton. 20 The CD
spectrum of the refol ded pol ypepti del§hows that the secondary structure is
approximately 38% u-helical, 13% g-sheet and 50% random coil (15) (figure
3). This experinental data is simlar to that predicted by correctly

f ol ded, .at £d ot ei 1N i e from
il of ¢ BET s CaAr A Reanansd 88 AR5 A8 Pei koD a0 17
Use of r&g %@%ﬁ‘%ﬁésd%ﬂé”' Nudedy Basedatdeasibbgaki-on nAssaysia&Ll SA
Assay Met hod e mcrotiter plates are coated with antigens diluted 5 in
PBS overpdmitdialg 42 amE bl ocked with 0.5% boiled casein for 1 hr, rinsed
with PBSTwice, 5 mn each tine. Patient sera are diluted 1:400 with 20

g/ M of cont HELPrfateitiormext riacts! pueefi edntabmikg pebk BE21 using a
procedure identical to that used for purifying r56 (fractions 21-32 10
pool &éd fedrgradidenteseequiolaideandt gefigureally Pialubsdraedingtors dbout 1 hr
at roomtenperature, and then added to the, EL|ISA plates. The plates are

i ncubat eétFseornE R Matunesork evfserabuped GadsALYYf BLUERt PHESSRIAh 0.1% Triton

X-100 in
only. The final dialysis is against buffer A with two

initial changes of buffer for 30 min each, and finally
overnight at 4°C. 56 is properly folded since the

10 polypeptide remains soluble in buffer A with no urea
present. |

Circular Dichroism (CD) Spectrum of r56.

The circular dichroism spectrum of refolded r56 was

measured on a JASCO model 715 in Dr. Ettore Apella=s

15 laboratory in NIH, Bethesda, MD. Data were analyzed by Dr.
Latchezar I. Tsonev, Henry Jackson Foundation, Rockville,
MD, at a protein concentration of 117 pg/ml in 20 mM
TrisHCl, pH 8.0 and the calculated molecular weight of
40,903 dalton.

20 The CD spectrum of the refolded polypeptide shows
that the secondary structure is approximately 38% o-helical,
13% R-sheet and 50% random coil (15) (figure 3). This
experimental data is similar to that predicted by correctly
folded, truncated 56 kDa protein, based on amino acid

25 sequence from nucleic acid sequence (34).

Example 2
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PBS. Peroxi dase conjugated nouse anti-human 1gG (Fc 15 specific) (Accurate)
diluted 1:8000 and goat anti human IgM ( chain specific) (Kirkegaard &
Perry) arwotobessoelded. After 1 hr incubation at room t empemraisar/€l37¢ he
plates are washed four times with 0.1% Triton X-100 in PBS and the | ast
wash is with PBS only before the addition of substrate ARTS 20 (Kirkegaard
& Perry). The ODs at 405 nmare read Bfter 15 mn incubation at room
tenperature. Rabbit sera were dlluted 1:250 with PBS only. Al procedures
are the ) rabbit sera
is not of Y] i S0 FABE IGELOR per oxi dase
conj ugat ed goat antl-rabblt IgG (Klrkegaard & Perry) diluted 1:2,000 is
used. 172 083069 PCT/ US02/ 11379 18 The reconbi nant r56 polypeptlde

cont ai ns onl§ a portlon of the 56 kDa protein, the major antigen that is

used to Z& igenic types of Orientia. In addition

rickettsial t i Ot tigens
“@Hé%ﬁ%&tié@ﬁ e;?ia%’ & 15 M@ﬁ?t&_%@& ?;e% 8h0-an

besi des intact anti gen compari son reactivity of r56
and @ t syt SHGAGUSALI R Mt Siaizhavpalexeal lilysat s %&bléabéa&eﬁﬂtl sera is
shown (figure 4). The dotted lines represent the nean + 2 standard

devi ati ofsrof heactinddy witd nawisle r abkiih sekch titelhe pedliedel ine is
the linear regression of the data for the 22 anti-Orientia rabbit sera
tested (seha8dye & phtedaoni4®l windr reed pblli bfsevatfopeprditadnnds); five . -
antisera against non-rickettsial, antigens (open triangles): eight LT
ant i ser ac¥boras¥ekeiy sl mdsEnmes. t¢mhi Gli2dntisdngopeprogesives) ; and 22

identical to that used for purifying r56 (fractions 21-32

10 pooled from gradients equivalent to Figure 2), pre-absorbed
for about 1 hr at room temperature, and then added to the
ELISA plates. The plates‘are incubated for 1 hr at room
temperature, washed four times with 0.1% Triton X-100 in
PBS. Peroxidasé conjugated mouse anti-human IgG (Fc

15 specific) (Accurate) diluted 1:8000 and goat anti human IgM
(u chain specific) (Kirkegaard & Perry) are then added.
After 1 hr incubation at room temperature, the plates are
washed four times with 0.1% Triton X-100 in PBS and the last
wash is with PBS only before the addition of substrate ABTS

20 (Kirkegaard & Perry). The ODs at 405 nm are read after 15
min incubation at room temperature. Rabbit sera were
diluted 1:250 with PBS only. All procedures are the same as
for detection of human antibodies except that rabbit sera is
not preabsorbed with protein preparations from BL21 and

25 peroxidase conjugated goat anti-rabbit IgG (Kirkegaard &

Perry) diluted 1:2,000 is used.
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15 antisera to eight antigen prototypes of O tsutsuganushi (solid
circles) are conpared. Positive breakpoints (nean +2SD) for reactivity of
bot h r56 wod2mebe cell Orientia |ysate (WCEX) and st and&cd/usnt/8A7si ng

ei ght normal rabbit (ODs of 0.27 and 0.38), respectively, are established.
20 (Figure 4, Table 1). None of the eight rabbits inmunized wth other
species of Rickettsiales or the fivel&ntisera prepared against either
L-cell, yolk sac, or E. coli exhibit reactivity higher than the cutoff for
WCEx whil e one rabbit antiserum against primary chick enbryo reacted

barely above 2, e heakaol LY. (98, (0D 10.28) CEigure g, Taple ).

On the other 'han r abbi era agai ns e ientia

ant i genicr it ofy rﬁﬁc%ei%,i gl %aggﬁvgnttfigew tmtozﬁﬁgégé%o

PCT/ US02/ 11379 19 breakpoint with r and al'l sera ex It positive ELISA
W th  Weeix {ddeii fatde akablnl) tikhough dfieni6 . anthggagexhbRi ts | over
ELI SA reactivity at the anmpbunt enployed than that obtained wth Wex, the
Oienti airadids ol ivieslae e@dlilbillsate veonyadnedntaeteliat boReof ELI SA
reactions to the two antigens (r=0.8, n=22). One Kato antiserum and one
TA686 amrasiumanthisine)tisdiidesr enabicteby kdw posigeue ELESApasasonvity
wth WCex does not react, significantly, with r56 antigen (Table 1).
Consequétit IBLISMm 9 rSmatiitvi tholded S6561¢i Yes ts0 tegappubbit KpeBults as the
standard ELISA in the detection of _Orientia-specific antjbodies by ELISA.
(speci f iSGHak Nhgvhe Gfélr%siltYis\ﬁtﬁngthwb&é&uﬁagysgzmw FPPHLWCEX ELI SA as

1 oL ERES BT a0, B0 . 2Bk, HLRERE e gortion of one

standard deviations of reactivity of the normal rabbit sera. |

10 The solid line is the linear regression of the data for the'
22 anti-Orientia rabbit sera tested (r=0.81). Eight control
normal rabbit sera (open diamonds); five antisera against
non-rickettsial, antigens (open triangles): eight antisera to
Rickettsiales other than Orientia (open squares); and 22

15 antisera to eight antigen prototypes of O. tsutsugamushi
(solid circles) are compared. Positive breakpoints (mean
+28D) for reactivity of both r56 and whole cell Orientia
lysate (WCEX) and standard ELISA using eight normal rabbit
(ODs of 0.27 and 0.38), respectively, are established.

20 (Figure 4, Table 1). None of thé eight rabbits immunized
with other species of Rickettsiales or the five antisera
prepared against either L-cell, yolk sac, or E. coli exhibit
reactivity higher than the cutoff for WCEx while one rabbit
antiserum against primary chick embryo reacted barely above

25 the breakpoint with r56 (OD of 0.28) (Figure 4, Table 1).
On the other hand 20 of 22 rabbit antisera against the eight

Orientia antigenic prototypes react slightly above the

18



19 WO 02/ 083069 PCT/US02/11379 20 Table 1. Conparison of ELISA reactivity
of purified Karp whole cell |lysate and folded r56 with rabbit antisera.
Ant i ser a woann0sieELI SA ODs(405nm of whol e cell |ysate 5 diptCfrarseniidant i gens
(corresponding r56 result) 0. tsutsuganushi strain Karp 0.94 (0.58), 1.87
(1.04) , 1.81 (0.80) , 1.83 (0.81) Kato 0.46 (0.22) , 1.02 (0.50) , 1.16
(0.77) , 1. 2 7 (0. 58) GIlliamO0.549(0.42), 1.20 (0.54) TH1817 1.67
(0.59), 1.12 (0.60) , 1.29 (0.53), 0.83 (0.47) TA678 0.59 (0.48) TA686
0.71 (0.26) , 1.52 (0.86) TA716 1.24 (0.48) , 1.14 (0.51) TA763 1.79
(0.72) , 1 57 (0.89) , 1.18 (0.82) O her ckettsial es rowazeki 0 08
(0.12) eét]sisiﬂﬂnto wigh FRfg)ER ar%lcﬁsfffﬁs?#ﬁe bHg PESHETVe 8??%1\-(‘61‘513’21

Conor .40 [0t QL LoD (sl vy 9,000 BB E ) 001
((:;)PI 0&?31 g&%@h:%gcocﬁgt(yo a%8)theegp15¥8t R@%%@ﬁa& Eﬁghstgagz (0.14) E.
obtained with WCex, the Orientia rabbit antisera exhibit a

5 very good correlation of ELISA reactions to the two antigens
(r=0.8, n=22). One Kato antiserum and one TA686 antiserum
which exhibit relatively low positive ELISA reactivity with
WCex does not react, significantly, with r56 antigen (Table
1). Consequently, the ELISA with folded r56 gives

10 equivalent results as the standard ELISA in the detection of
Orientia-specific antibodies by ELISA (specificity-92.3%,
sensitivity-90.9%, accuracy-91.4%) with WCEx ELISA as the

reference assay) even though r56 is only a truncated portion

of one of the complex antigens found in WCex.
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No antigen 0.135+0.123 (0.093+ 0.088) <control (n=8) OD values listed are
the difference between data wwth 10 antigen and w thout antigen. 20 WD
02/ 083069WDB@THEIBL/ 11379 21 Conpari son of r56 ELI SA wi t hPCTIUROTesr9 Wi t h
Human Sera. Seventy-four sera from healthy Thai soldiers were used to
establish an ELI SA break point for positive reactions (nean + 2 SD) with
r56 as antigen. These are 0.05 + 0.0&¢% 0.11 OD 5 for 1gG and 0.032 +
0.032 = 0.064 OD for IgMat 1:400 serum dilution. The r56 ELI SA ODs of 128
sera frompatients suspected. of scr ube&)a/ fram Kor%t Thai | and were

phu% .at ,

dr2Ri € hlt heo LS 19MER TS SRSttt e @ oA TEEB KB8FRod usi
OO O e e A L ) S S e by an e, fecHod using 2
[1P neth - ri bed |0 8 i8gr _ <6). Using
1P T el o

accuracy val ues of results wt f?test sera are cal cul ated

usi ng different positive breakpormts for the TP trtest (Table 2). IS5 Tlable
2. Compgfi sGAUEFUgRmMERE N r56 ELI SA with the indirect

[ m*runopero;\k%%?je assay (II1P) [f r9412€0_£Q)3,i f?é,j ?Clt'ﬁéierfmgo&g%?) ggiig%l‘@@l)

sera by 0% er lg IIP Sengitiiit hr:my

82% 92% 87¥kato 0.46 (0.22), 1.02 (0.50), 1.16 (0.77), 1.27 (0.58)
Gilliam 0.54 (0.42), 1.20 (0.54)
TH1817 1.67 (0.59), 1.12 (o0.60), 1.29 (0.53), 0.83 {(0.47)
TA678 0.59 (0.48)
TAG86 0.71 (o0.26), 1.52 (0.86)
TA716 1.24 (0.48), 1.14 (0.51)
TA763 1.79 (o0.72), 1.57 (0.89), 1.18 (0.82)

Other Rickettsiales

R. prowazekii 0.08 (0.12)
typhi 0.18 (0.08)
R. rickettsii 0.06 (o0.04), 0.15 (0.14)
R. conorii 0.10 (o0.11), 0.07 (o0.11)
E. sennetsu 0.01 (o0.05)
E. risticii 0.01 (-0.01)
Non rickettsial antigens
Yolk sac 0.22 (0.08)
L929-cell 0.01 (-0.08)
Primary chick 0.20 (o0.28)
embryo
RAW 264.7 cells 0.22 (0.14)
E. coli HB101l 0.32 (0.11)
No antigen 0.135+40.123 (0.093+ 0.088)

control (n=8)

20D values listed are the difference between data with
10 antigen and without antigen.
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| gM 56 91% 92% 91% 1: 200 1gG 61 92% 93% 92% | gM 52 98% 92% 95% 30 1:400
Il gG 57 90% 93% 95% 1gM 47 100% 93% 93% 35 Sera from 13 isolate and

PCR- conf iwped/ogaases of scrub typhus were anal yzed to charatitse?/rs74 he

ki netics and nagnitude of the IgMand IgG imune responses as neasured by
21 WO 02/083069 PCT/US02/11379 22 IIP test titers and by r56 ELI SA ODs.

Representative data are shown in Figdre 7 and Table 3. Four sera from4

different cases were available fromthe first week after onset of fever

(days 4-7). Al are positive by IIP for both 5 IgMand IgGwith titers

bet ween garalgonlzo . s l;:ﬂsh §5§A, KR5 (day 4,
Tabl e 3)—has—vetry SeL § egatrve—tor | gMeven at

day 7 whi 0 S (KR8, HSRZ@ ar i, QARG BY tol gM assay
than 1gG glg¥té§g% EQ?% %(%\g?n %&gases ti/vere 1aoﬁc%llrae)lce?re§d 8- 14Y%aeys post onset
of feveregBih1lildh ket il HedK g6ihit €bs poeiagaenrbhghiand whédn n-one
two-fold dilution for all of these sera except the day 10 serumfrom KR23
whi ch alzgp)hasi tthe-d@westadtgMeand rgesELEBA QDbs (Tabbe =30.FH gove 7).
Except for three other sera fromdays 8-10 15 (KR5, KR43, KR51) which al so
had Bow figMIOls, anwbto .¥2a +hds 0381 mi bap6kgGandr| gYMERE SA: ¢@hcte0is. Five
sera fromfour cases were obtained in weeks 3-4 after infection. Two of

t he casedlKR®HN KRINe o6 BILISR @Psr edsé2fnspyh OpsmbpaELEERs

suspected of scrub typhus from Korat, Thailand were compared

with the IgG and IgM titers determined by an IIP method using
a mixture of intact Karp, Kato, and Gilliam prototypes of

10 Orientia. The IIP method used was described‘previously (20,
38) (Figures 5 and 6). Using IIP titers as the gold standard,
the sensitivity, specificity, and accuracy values of ELISA
results with the 128 test sera are calculated using different

positive breakpoints for the IIP test (Table 2).

15
Table 2. Comparison of efficiency of r56 ELISA with the
indirect immunoperoxidase assay (IIP) for 128 Thai patient
sera.
20
No. pos. ELISA
sera by % % %
Titer Ig IIP Sensitivity Specificity  Accuracy
25 1:50 IgG 68 82% 92% 87%
IgM 56 91% 92% 91%
1:200 IgG 61 92% 93% 92%
IgM 52 98% 92% 95%
30
1:400 IgG 57 90% 93% 95%
IgM 47 100% 93% . 93%
35 Sera from 13 isolate and PCR-confirmed cases of scrub

typhus were analyzed to characterize the kinetics and

magnitude of the IgM and IgG immune responses as measured by
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at this tinme point which are not apparent by |1 P assay while 20 the other
reactions all remain strong. In weeks 5-6 after infection two of 5 sera
from di f fwoenwsped i ents decline in I1IP IgMtiters (but neCTIGS®/Ai3U%ErS)
while three sera decline significantly in ELISA IgMand one by ELISA I gG
In striking contrast, KR27 maintain high levels of specific 25 antibody as
nmeasured by all assays from 10 to 39 2fays (Table 3). Wth all six sera
collected fromsix different cases 95-202 days post onset of illness, IgM
TIP titers and both 22 WO 02/083069 PCT/US02/11379 23 I1gM and |1gG ELI SA

ODs drop.significantly; in ntrast I on t r.a_exhihit a

decl i ne ??\bl Eg]%s{f Iti?’&ﬁ S:erasnd( %’8@&?5? E}’)gAS%PRBL egreé%?rr%%?:ilggnégkgll | P test
titers Wil Bigh 196 00:% Phid nedi th NuoRe 3264l gonf | fmed cases
of scrub typhus. Patient ys post IIP Test Titer r56 ELISA (OD) 10 Onset

of feverg! ghbi8G | EMdHGeKR2A 3,390 F 20 01?0531 wekiRS 2k @, 400 12, 800
0.34 1.26 KR5 29 1,600 12,800 0.07 0.63 15 KR8 5 12,800 12,800 1.55 1.18

KR8 10 60M88: 6o #A0tkvda8(dh A 4 KR8 260 112,a86@0 pb2,i808e0 byl IAP8ForKBBtA7 12, 800
12,800 0.57 0.90 20 KR8 137 50 3,200 0.05 0.35 KR10 10 12,800 6,400 1.30
1.155 IgM and IgG with titers between 3200 and 12,800 for all
cases. In contrast, by ELISA, KR5 (day 4, Table 3) has very
low IgM and IgG ODs and KR20 is negative for IgM even at day
7 while the other two sera (KR8, KR25) are more reactive by
IgM assay than IgG. Sixteen sera from 12 cases were
10 collected 8-14 days post onset of fever. By IIP both IgM
and IgCG titers are again high and within one two-fold
dilution for all of these sera except the day 10 serum from
KR23 which also, has the lowest IgM and IgG ELISA OD's (Table
3, Figure 7). Except for three other sera from days 8-10
15 (KR5, KR43, KRS51) which also had low IgM ODs, most sera has
similar IgG and IgM ELISA reactions. Five sera from four
cases were obtained in weeks 3-4 after infection. Two of
the cases (KR8, KR20) exhibit a decrease in IgM ODs by ELISA
at‘this time point which are not apparent by IIP assay while
20 the other reactions all remain strong. In weeks 5-6 after
infection two of 5 sera from different patients decline in
IIP IgM titers (but not IgG titers) while three sera decline
significantly in ELISA IgM and one by ELISA IgG. In
striking contrast, KR27 maintain high levels of specific
25 antibody as measured by all assays from 10 to 39 days (Table

3). With all six sera collected from six different cases

95-202 days post onset of illness, IgM IIP titers and both
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KR10 201 200 6,400 0.053 0.20 25 KR20 7 3,200 6,400 0.01 1.00 KR20 22
3,200 6,400 0.44 0.82 KR20 27 6,400 12,800 0.24 0.50 KR20 95 200 6, 400
0.03 0. 13wB®2Ks3p89 10 200 800 0.14 0.32 KR23 14 1,600 3, 200TAIS87118790 KR23
29 800 3,200 0.26 1.32 KR25 7 12,800 12,800 1.34 0.84 35 KR25 11 6, 400
6,400 1.54 0.86 KR27 10 3,200 6,400 1.30 1.10 KR27 12 6,400 12,800 1.30
1.20 KR27 24 3,200 12,800 1.14 1.23280 KR27 39 3,200 12,800 1.03 1.20

KR43 9 6,400 6,400 0.27 0.85 KR43 12 6,400 6,400 0.96 1.17 KR43 13 12,800
12,800 1.16 0.93 45 KR51 8 3,200 12,800 0.39 0.74 KR51 11 6,400 6, 400

1.04 1. 5 / US02/. 4 e_excel lent sitivity
and speci %caﬁi%ﬁ%%ﬁlﬁgé ig.nl%(r:%#égré?%%%’WIFhCSHEJsf%ng ?ﬁggl | P assay
suggest dhator oliee HEOLLI BafMiitI8N ade18nel WNG8EEd 16564 tLesSURELGLent for
detecting anti-Orientia antibody in sera frompatients wth 5 Scrub typhus.

Use of ay)single noiety in reconbinant form inproves efficiency of the
assay and will reduce cost per

5 TABLE 3. Comparison of IIP test titers with ELISA r56 OD's
obtained with human sera from confirmed cases of scrub

typhus.
Patient Days post ITP Test Titer r56 ELISA (OD)
10 Onset of fever IgM IgG IgM IgG
KRS 4 3,200 3,200 0.10 0.31 -
KR5 10 6,400 12,800 0.34 1.26
KR5 29 1,600 12,800 0.07 0.63
15
KR8 5 12,800 12,800 1.55 1.18
KR8 10 6,400 6,400 1.48 0.92
KR8 26 12,800 12,800 0.71 0.85
KR8 47 12,800 12,800 0.57 0.90
20 KR8 137 50 3,200 0.05 0.35
KR10 1Q 12,800 6,400 1.30 1.15
KR10 201 200 . 6,400 0.053 0.20
25 KR20 7 3,200 6,400 0.01 1.00
KR20 22 3,200 6,400 0.44 0.82
KR20 27 6,400 12,800 0.24 0.50
KR20 95 200 6,400 0.03 0.13
30 KR23 10 200 800 0.14 0.32
KR23 14 1,600 3,200 0.97 1.50
KR23 29 800 3,200 0.26 1.32
KR25 7 12,800 12,800 1.34 0.84
35 KR25 11 6,400 6,400 1.54 0.86
KR27 10 3,200 6,400 1.30 1.10
KR27 12 6,400 12,800 1.30 1.20
KR27 24 3,200 12,800 1.14 1.23
40 KR27 39 3,200 12,800 1.03 1.20
KR43 ] 6,400 6,400 0.27 0.85
KR43 12 6,400 6,400 0.96 1.17
KR43 13 12,800 12,800 1.16 0.93
45
KR51 8 3,200 12,800 0.39 0.74
KR51 11 6,400 6,400 1.04 1.32
50
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assay, significantly. Exanple 4 10 Induction of Protective | mune Response.
Because of the significant anti body response exhibited after exposure with
O tsut suyemeesiost n rabbits and humans, and the excel | entrcrasoyni3ve on
pattern of r56 polypeptide conpared to whole cell extracts, the r56
pol ypeptide is a 15 good candi date vacci ne conponent. Two strains of either
relatively outbred mce (CD1) or anZzé4nbred strain (C3H) were inmmunized,
with adjuvant with the r56 polypeptide. At various tines
after.admnistration__of the pol ypeptide the animls were challenged with
live 20 O tsutRugaifghient seou igicy e8dosverefiosty ef3rbe DBS The
protective efficacy of adm nistration of r56 %ol ypeptide is shown in table
4. Tabl eE4L 3 ot @O M e By Ghamenictatién IWFt RSE38 SEIPEFE nBRRE St rai n
of Dose/ Mouse Chal | enge m ce (adjuvant) date post Protection inmunization
| C3H 25°R%f PRRE f@%%g(qfhcdﬁﬁ- truagagsy rPp. CcbP 289f§igiaBht HRY 60% (Titer
Max) 111 CD1L 2 pg 4 weeks 60% (Titer Max)

detecting anti-Orientia antibody in sera from patients with

5 scrub typhus. Use of a single molety in recombinant form
improves efficiency of the assay and will reduce cost per
assay, significantly.

Example 4

10 Induction of Protective Immune Resgponse.

Because of the significant antibody response exhibited
after exposure with O. tsutsugamushi in rabbits and humans,
and the excellent recognition pattern of r56 polypeptide
compared to whole cell extracts, the r56 polypeptide is a

15 good candidate vaccine component.

Two strains of either relatively outbred mice (CD1l) or
an inbred strain (C3H) were immunized, with adjuvant with
the r56 polypeptide. At various times after administration
of the polypeptide the animals were challenged with live

20 O.tsutsugamushi.

25
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Karp, Kato and Glliamstrains 5 The variable 56 kDa nmaj or outer nenbrane
protein of Oientia tsutsuganushi is the i nmunodom nant antigen in human
scrub typwo2iosdoecti ons. The gene encoding this protein PComS@/L13ram

strain

and Katostrain was cloned into 10 the expression vector pET24a. The

reconmbi nant protein (r56) was expressed as a truncated non-fusion protein

(am no

acid 81 to am no acid 488 of 26he open reading frane for GIlIliam

and amno acid 81 to amno acid 453 of the open reading frame for Kato
strain). Both protein fornmed an inclusion 15 body_when expressed. in
Escheri e RESIGEe BEVE efrﬁéqa@wopéeédmﬁsesmaﬂ?an?f ahee r B8 KaERY T 9Rr e
reactive to sera fromscrub typhus patient. Three reconbi nant antigens,
r56( kar g)s ﬁhﬁWn(RHIq%b&ﬁ)4 and r56(Kato) were m xed at an equal ratio and
used as_the antigen in an EI1SA. A panel of patient sera 20 exhibiting a
wi de rdnge offaddgcti VIPfC@t@&ic}l@ﬁfnPiﬁvﬂaicﬁnbYrFTﬁmWﬂkZ&l‘Pﬂnomp%-‘bﬂil\ﬂﬁ@/ of n xed

r econbi
correl

e iserdnt [ Yerrin ik h e/ Nfere céihaldmn Fhe ELISA results
ated 25 WO 02/0E3D69 PCT/|USZI a9  Jalaid 1P tho< é°r8EF&|tﬁ88 usi ng

whol e gell lysate flromthe correspondingst rg?lm“ru&aug trJlrQJl s ot OWHT en in

t he ELI|SA

r econbi

pot ent i

10

15

20

r eagentr—exntstth FO8s ocnolLIVI fri gh .‘.L,;Ly 1O guuu \

typhus |i nfec Fon and |n prdUCtl ne g ?bu H#%, aCCI%%S and - -
?‘?1‘8 ey

t her apeut+—c chﬂ_cm ST e ~JECon i a[;;) ‘qusl 56(Kat ogogave he': .

These rlesul £S5t rongl y §a¥§8rt that >t HESKExt ull e 90
o

nant proteins has the po 9 bg used as a 5 dlagnostlc
aylhi i broafd—sensi S

al to (Tlter Max)

Karp, Kato and Gilliam strains

The variable 56 kDa major outer membrane protein of

Orientia tsutsugamushi is the immunodominant antigen in

human scrub typhus infections. The gene encoding this
protein from Gilliam strain and Katostrain was cloned into
the expression vector pET24a. The recombinant protein (r56)
was expressed as a truncated non-fusion protein (amino acid
81 to amino acid 488 of the open reading frame for Gilliam
and amino acid 81 to amino acid 453 of the open reading
frame for Kato strain). Both protein formed an inclusion

body when expressed in Escherichia coli BL21. The refolded

r56 (Gilliam) and r56 (Kato) were reactive to sera from scrub
typhus patient. Three recombinant antigens, r56(karp), r56
(Gilliam), and r56 (Kato) were mixed at an equal ratio and
used as the antigen in an ELISA. A panel of patient sera
exhibiting a wide range of reactivity was employed to
compare the reactivity of mixed recombinant r56 antigens

with mixed whole cell antigens. The ELISA results correlated
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{ replace the density gradient-purified, rickettsia-derived, 10 whol e cell
antigen currently used in the comercial dip- stick assay available in the
USA. The woloeosdoed cl oni ng, expression, purification, andPCrafSet/dis3mg of the
truncated non-fusion 56 kDa protein from Glliamstrain, r56(GIlliam, and
fromKato strain, 15 r56(Kato) will now be described. The refol ded
r56(G lliam) reacted strongly with @bnocl onal antibody (nmAb) RK-G3C51 but
did not react with mAb E+95. The r56 (Kato) reacted with E+95, but not
wth RK-G3C51. The strain varjations of . O Qtia are well docunented. In
order td"HevidpFsR WA iU Irgagere &t ﬁﬁﬁ WY FaH8t BEPMNDRE cases of
scrub typhus infection, different serotype antigens need to be i ncluded
in the aﬁ?%?%ﬂ%i?t%%feﬂthﬁ FOREGFE BRCIERPeaRphiPef FRESReconbi nant
Glliamand Kato) was evaluated for its reactivity with 20

r56 (Karp,

pati ent ﬁvﬁ%e VIR SChE 25 SEan e FURPAE tr &RGE SPCr BAXERYRL 9EWFRR whol e cel |

| ysate 26 WO 02/ 083069 PCT/ US02/ 11379 27 cocktajil'of strains Karp,

G |1 amTeGRIVKARDS PRt ERIdRE thel BRteBF 1aia§RoBrsU8EdsREuB typhus. The
ELI SA results of using mxture_ of r56 correlated well to those obtained
usi n§ theFRSE e TR e SHEHSIEG gt PEPARE SEPUAABLELER pnd| hi3Re. 5 These
results strongly suggest that the reconbi nant prqoteins have the potenti al
to be us&f J(ﬁ%g)’ho%ﬁ' EGREy&FPEYS RAPEFLPRgABFoAR BEASHEF¥PRYCANd hi gh

specificjty for scrub, typhus infection. Bacterial strains and vectors.
EschericﬂW@¥4§MQ194¥REPS' vaccines, and therapeutic agents. The

recombinant r56 (Gilliam) and r56 (Kato) have the potential to
replace the density gradient-purified, rickettsia-derived,

10 whole cell antigen currently used in the commercial dip-
stick assay available in the USA.

The molecular cloning, expression, purification, and
refolding of the truncated non-fusion 56 kDa protein from
Gilliam strain, r56(Gilliam), and from Kato strain,

15 156 (Kato) will now be described. The refolded r56(Gilliam)
reacted strongly with monoclonal antibody (mAb) RK-G3C51 but
did not react with mAb E+95. The r56 (Kato) reacted with
E+95, but not with RK-G3C51. The strain variations of
Orientia are well documented. In order to develop a

20 diagnostic reagent that will detect most cases of scrub
typhus infection, different serotype antigens need to be
included in the antigen cocktail employed. A mixture of
three purified recombinant r56 (Karp, Gilliam and Kato) was
evaluated for its reactivity with 20 patient sera which

25 exhibited wide range of reactivity with whole cell lysate
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10 was used for cloning and E. coli BL21(DE3) was used for overexpression
of proteins under the control of phage T7lac pronoter (26). The plasmd
vect or uswo e@as3opET- 24a (Novagen, Madi son, W). Pl aque- prcirfusezi11379

t sutsuganushi G lliamand Kato strains were grown in 15 irradi ated L929
cells was used for preparation of the genomc DNA (11). doning of the
gene for the r56 (Glliam into the 28kpression vector pET24a. A primer
pair 56FGnM(784/819), 205 TTAGCTGCGCATATGACAATTGCA
CCAGGATTTAGAZ3 and r56RGm (1929 1894), 5 ATGAGCTA A
C C C G BRI et rien e aAGldien A K2FoTi8 A §CaRAsTHesi gned
using the _25 nucl eotide sequence of the open reading frame_for the

G |1 am BBIRBaipF liagRqsts O ReTs fedivfe r & rﬁ&'@gén resilEs PSr Nde |

and BanH | are underlined and bold. The faorward prinmer 56FG1(784/819)

cont ai nedStR8 REtHIGhI He 5P WO UH GER06 ¥ PETLOSEEPEE3 PEE 28PN PEL T on
codon, at_residue 81, which is part of the Nde | recognition sequence. The
reverse pREBEXLGEROH CUDTSEUH I namfttditddst RE VP8 RELdodER2EE I esi due
448 to a _stop codon and contained a BanH | site. The 5 codi ng sequence from
am n& act3es8d ¥SUUS \HS Y fSustPe sy theR FREMFBRR™PLEPAFeBIPF AT

t sut suganushi Glliam strain. Coning of the gene for the r56 (Kato) into

the 10 eRprestheresiticiabeER e URsst iave A i5aPPSE6EKEERESFES0)

exhibiting broad sensitivity and high specificity for scrub

typhus infection.

Bacterial strains and vectors. Escherichia coli HB101

10 was used for cloning and E. coli BL21(DE3) was used for
ovefexpression of proteins under the control of phage
T7lac promoter (26). The plasmid vector uéed was pET-
24a (Novagen: Madison, WI). Plaque-purified O.

tsutsugamushi Gilliam and Kato strains were grown in

15 irradiated L929 cells was used for preparation of the

genomic DNA (11).

Cloning of the gene for the r56 (Gilliam) into the

expression vector pET24a. A primer palr 56FGm(784/819),

20 57 T T A G C T G C ¢ &aTA TG A C A A

T T 6 ¢ A C C A G G A T T T A G A 37
and r56RGm (1929 / 1894) 57 AT G A G C T A

A cccedeaT CCAACACCAGC

¢ T A T A T T G A 3’ was designed using the

25 nucleotide sequence of the open reading frame for the
Gilliam 56 kDa protein (27). The respective restriction
sites for Nde I and BamH I are underlined and bold. The

forward primer 56FGm(784/819) contained the methionine
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S TTAGCTGCACGCATATGACAA TCGCGCCAGGATTTAGA
3' and r56RKt (1945/ 1910), 5 ATAAGCTAA CCCG-GATC

ACCAGGC@SEB T ATATTGAZ
sequence of the open reading frane for the

CAAG

was desi gned usi ng t reTrusot/esre de
Kato 56 kDa protein (31). The

respective restriction sites for Nde I and BanH | are underlined and bol d.
The forward prinmer 56FGM784/819) c@Atained the nmethionine 20 initiation
residue 81, which is part of the Nde | recognition sequence. The

codon, at
reverse pr
448 to a

i,mer 56RGm (11929/1894), nutated the tyrosine codon at.r

dndpiebden sRE°Bonthi e duBatk |WRIGR Taretodhghesdife

esi due
nce from

am no aC|dIS;eEg?ﬂ4§lg@ssgapéhééed BYe PER 28:4 romdNA i sol ated from O.

t sut suganushi

anplified
CT) in 10

liam strain he two truncated 56 kDa enes wer e

PRARGM (HLRRAY 288%) 400Uk A cHf L iFedsdifu G 59s3Kbphat e, 1
M of eachypgi RBI 4 étéguceéoiagn@owrrﬂ%ﬁ%@d(feém El W\l Oeﬁrfés, Nor wal K,

mM Tri s- HC1

ffer .5 30 nM Mgdl 2, and 50 mV KCL1. The

PCR Feact i 6adias segreade Gireh q@l@@cacaxds@ttq A was MELifHi@d ol | owed by
ngﬁCfi'BFn %Nﬂ] 93?15;{%(& Ofﬁ'gmr@) n @é'{ﬂ:g%ntﬂhl G12_L8ll\éQl 02/ 083069

30 cyclesy

PCT/USOZ/ll 79 29 mn. The

anplified

ast cycle was
pEagiBnt s was digested with Nde | (New Engl and BloLabs

mn at ;2C. The

Beverly,

MA) and BanH | (Qd BCO BRL Life Technol ogy, Gaithersburg, MD) and Iigated

wi th doubl

10

15

20

25

30

y 5 digested expression vector pET24a. E. coli HB10l1l was
Cloning of the gene for the r56 (Kato) into the

expression vector pET24a. A primer pair 56FKt (785/820),

5 T T A G C T G C A claTa T@ A C A A

T ¢ ¢ ¢ 6 CcC A GGG AT T T A G A 3

and r56RKt (1945/ 1910), 5 A T A A G C T A A

c ccedeaTCCAAGACCA AGZGLCOC

T A T A T T G A 3' was designed using the

nucleotide sequence of the open reading frame for the
Kato 56 kDa protein (31). The respective restriction
sites for Nde I and BamH I are underlined and bold. The
forward primer 56FGm(784/819) contained the methionine
initiation codon, at residue 81, which is part of the Nde
I recognition sequence. The reverse primer 56RGm
(11929/1894), mutated the tyrosine codon at residue 448
to a stop codon and contained a BamH I site. The coding
sequence from amino acid 81 to 448 was amplified by PCR

from DNA isolated from O. tsutsugamushi Gilliam strain.

The two truncated 56 kDa genes were amplified in a
mixture of 400 mM each of deoxynucleotide triphosphate, 1
mM of each primer, 1.5 U of Tag polymerase (Perkin-Elmer-
Cetus, Norwalk, CT) in 10 mM Tris-HC1l buffer, pH 8.3, 1.5
mM MgCl2, and 50 mM KCl. The PCR reaction wasg started

with 15 sec at 80°C, 4 min at 94°C, and followed by 30

cycles of 94°C for 1 min, 57°C for 2 min and 72°C for 2
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transfornmed with the ligation m xture and colonies screened for inserts
with the right size and orientation. PROCEDURE | Expression and

purifi catwor2o83he r56 (G llianm) and 10 r56(Kato). Pl asecadasezariy® ng the
insert were transfornmed into the expression host E. coli BL21. The
optinmum tinme and isopropyl-~-D-thiogal act opyranoside (IPTG concentration
for inducing r56 expression was deteem ned. Reconbinant E. coli expressing
r56(G I liam 15 were propagated overnight in 2X YT (16 g bacto-tryptone,
10 g bacto-yeast extract, and 5 g NaCl per liter of distilled water, pH
7.0) at 37&iwit hrebakesg. clelé wael detendddnickO0 mic Wy urey: wemge
resuspended in, 3, m of buffer A (20 nM Trjs-HC1, pH 8.0 containing 5 nv
EDTA. 20 Eﬁ“PiLégb‘ﬁiicfH?g‘F‘ﬁBWo‘ﬁa%fd%ﬁ‘%ﬁé’éi |w lﬁ%f%r "bs?lrﬁaanéietti ng 3

on a Soni catefabktl rasealtyLidyj dafy oggssar (dvutel-ps2Q20aM th st andard
tapered mcrotip (Heat Systens, Inc., Farm.ngdal e , Six times for 20

. NY)

sec wth €8BMRAYCBY | €@t ForrIbwar PEmeEH éd(ﬂ?%in‘@d%h Uy Di srupt ed
cel | sextragiguasegeskpi-t4886n ale8:OPOGrartd Org. 311 pilhe Rl | ets were
vortexed to a honogeneous suspension with 2 ™M urea in buffer A, placed on
a shaker &Y2PBbATTRAPE B uFeS f b9 WAHIOHE 38! AN,CTES WO 02/ 083069
PCT/ US02/ 14378end@ £8Pt 1hENpES {0fh Sl Nifhtl 4i0Q0 dRMdh &t fereandor f
centrifuge (nodel 5415). The entire process was then repeated with 2%

sodi um deoxiéchol ate in buffer Ao Finally the pellets were dissolved in 8 M
urea i n buFRBFEPURE 1-

Expression and purification of the r56 (Gilliam) and

10 r56 (Kato). Plasmids carrying the insert were
transformed into the expression host E. coli BL21l. The
optimum time and isopropyl-0O-D-thiogalactopyranoside
(IPTG) concentration for inducing r56 expression was
determined. Recombinant E. coli expressing r56(Gilliam)

15 were propagated overnight in 2X YT (16 g bacto-tryptone,
10 g bacto-yeast extract, and 5 g NaCl per liter of
distilled water, pH 7.0) at 37°C with shaking. Cell
peilets from 100 ml cultures were resuspended in 3 ml of
buffer A (20 mM Tris-HCl, pH 8.0), containing 5 mM EDTA.

20 Ultrasonic disruption of the cell was performed using
setting 3 on a Sonicator Ultrasonic Liquid Processor
Model XL2020 with standard tapered microtip (Heat
Systems, Inc., Farmingdale, NY), six times for 20 sec
with cooling on ice for 1 min between each sonication.

25 Disrupted cell extract was centrifuged at 8,000 x g for
30 min. The pellets were vortexed to a homogeneous
éuspension with 2 M urea in buffer A, placed on a shaker

at room temperature for an additional 10 min,
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5 A The supernant was applied onto an high pressure |iquid chromatography
(HPLC) ion exchange (DEAE 5PW colum (Waters Associates, MIford, M)
(0.75 cmwO028830691) for fractionation. Proteins were el ut@dTwisotiia79 | i near
gradient of buffer B (6 Murea in buffer A) and 10 buffer C (6 Murea and 2
M NaCl in buffer A) from0.0 to 0.4 MNaC over 30 mn at a flow rate of
0.5 mM/mn. Fractions were collectedoat one mn per fraction. The

presence of r56 in fractions was detected by dot blot i mmunoassay.
Positive fractions with significant 15 anmounts of protein were anal yzed by
SDS- PAGE and Western _ blotting. Dot blot inmmunoassay. A 2 | sanple of each
el ut ed fr&@PfC6ﬁf%§§ddifPﬁt%deﬁt%t 2 0 oF Pt e A ThiPREIK ]?-J% a wel | of

96-wel | dotbl otter (Schl d_Schuel ], 20 Ke Af ter g
Cndor  wacuGPFGh T8O f&mgaiﬁi' SATE) DoeT G| SAE W AT Sl bl G¥bd i ' 59%

nonfat | KeeLat 30T, of hegal nguBeLedon Lt badycgpedi fic for Gl I am

or Kato 56 rotein tigen 4 t1mes with phosphate

buf fer sal F@ﬁaﬁﬁ?s):hé g@ﬂl@@ghwgéetaﬂ@somlﬂptﬁo% qd-M tih pefrpddase
conj ugated goat “anti-house 1gG (H+L) (Bi o-Rad Laboratories, Ri chnond, CA)

for 30 m na Afther swashhagt Wid8 HBS) ded i dlso fa1 rﬁgraqn\e@&af@%ow
PCT/ US02/ 11379 31 mn, substrate solution containing 5:5:1 ratio of TMB

(tetranet hykpeaai dhﬂe&lap@gﬁa(p]d@selwub)stim esxdhaigrgefDEARrgpi)de sol uti on,
and TMB nenbrane enhancer (Kirkegaard and Perry Laboratories,
Gai t her sbucgluhb) (Waseaddkgsontiates, Milford, MA) (0.75 cm x 7.5
cm) for fractionation. Proteins were éluted with a
linear gradient of buffer B (6 M urea in buffer A) and
10 buffer C (6 M urea and 2 M NaCl in buffer A) from 0.0 to
0.4 M NaCl over 30 min at a flow rate of 0.5 ml/min.
Fractions were collected at one min per fraction. The
presence of 156 in fractions was detected by dot blot
immuroassay. Positive fractions with significant
15 amounts of protein were analyzed by SDS-PAGE and Western

blotting.

Dot blot immunoassay. A 2 pl sample of each eluted

fraction was diluted into 200 pl of water and applied to
a well of a 96-well dotblotter (Schleicher and Schuell,

20 Keene, NH). After drying under vacuum for 5 min, the
nitrocellulose membrane was blocked with 5% nonfat milk
for 30 min, then incubated with antibody specific for
Gilliam or Kato 56 kDa protein antigen for 1 hr, washed
4 times with phosphate buffer saline (PBS) 5 min each

25 time, and incubated with peroxidase conjugated goat
anti-mouse IgG (H+L) (Bio-Rad Laboratories, Richmond,

CA) for 30 min. After washing with PBS 5 times for 5
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5 the nitrocel lul ose nmenbrane. The enzymatic reaction was stopped after 2
mn by washing the nenbrane in distilled water. SDS-PAGE and Western Bl ot
anal ysi s.wBadiogaswedlodecyl sul fate-pol yacryl am de gel el ectPcoplisor/esirs
(SDS-PAGE) 10 anal ysis was perforned with the mni-protein Il Dual Slab
Cell System (8.2 cmx 7.2 cmx 0.75 cm Bio-Rad). The stacking gel and
separation gel contained 4% and 10% 3dcryl am de (acryl am de: bi sacryl am de
ratio was 30:1), respectively. Electrophoresis was carried out at 15
constant voltage of 125 V for 75 min. The gels vvere either stained with
Coonassi e Bl,ue R or el ectro?l otted onto nitr uI ose rane.

| mrunodet e8tFon SHPSEREteWESLEFACBI GPR RS S Jéalaje%c‘? betF for the dot

bl [ ef ol. di. | | d
r 582 Ka![ gmﬂﬁags%ﬁ' Fﬁglgﬁn%ug Apﬁéggldg% Oé‘gkc)in at%eqée% |g§| ag? a?33| S
with 4 Mupea and. SMMEQ%EAEaﬂaf 05 nbBPehd i Dl c&tggwézg%rda agon' y. The

peak fractions rom-t col umm were conbi ned and ai nst 25
8 vol unes ghad preabBriubieesA EQLtBO-Fhir-@l MIOPMad ARRIALHR f ol | oned
with one change of ‘the dialysis solution and dialyzed for an additional 30
mn. sThe 3heWWRi1026083069cBETMENOZAAd 379ThS 2e5ayiRa Pl © CRhLE s SsvaLepeat ed
wth 2 Murea in buffer A The final dialysis was against buffer A wth
two initiaktopbardgestelr bufnfier b owa SPimg ntleachemarahé | raldystovdreni ght  at

4C.
water.

SDS-PAGE and Western Blot analysis. Sodium dodecyl S

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

10 analysis was performed with the mini-protein II Dual
Slab Cell System (8.2 cm x 7.2 cm X 0.75 cm, Bio-Rad).
The stacking gel and separation gel contained 4% and 10%
acrylamide (acrylamide:bisacrylamide ratio was 30:1),
respectively. Electrophoresis was carried out at

15 constant voltage of 125 V for 75 min. The gels were
either stained with Coomassie Blue R or electroblotted
onto nitrocellulose membrane. Immunodetection of the
Western blot was the same as described for the dot blot
immunoassay.

20 Refolding of ¥56. Refolding of r56(Gilliam) and

r56 (Kato) in 6 M urea in buffer A were achieved by
sequential dialysis with 4 M urea and 2 M urea in buffer
A and finally with buffer A only. The peak fractions
from the DEAE column were combined and dialyzed against
25 8 volumes of 4 M urea in buffer A for 30 min at room
temperature followed with one change of the dialysis

solution and dialyzed for an additional 30 min. The
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5 Human sera. Patient sera were collected from Pescadore Islands in
1976(2). ELISA. 96 well mcrotiter plates were coated overnight at 4C with
ant i gens wploatgiwed n PBS and bl ocked with 0.5% boil ed caseca/dse2/1B74r ,
rinsed with PBS twice, 5 10 mn each tinme. Linbro U plates (Cat. No. U
76-311-05, [ICN, Costa Mesa, CA) were used for assays with rabbit sera
while Mcrotest |1l tissue culture pl#es (Falcon 43072) were enpl oyed -
wi th human sera. Patient sera were diluted 1:100 in PBS. The plates were

i ncubated for 1 15 hr at roomtenperature, washed four times with 0.1%

Triton X-100 in PBS. .Peroxi dase copnjygated se_antj- hupan 19G (Fc
speci 11 ¢) (ASEUPACECEHER P3P ARECSSERENtTRi ¢ Borhcs VRsTBUrS® Av) dil uted
1: 2000. Aftﬁ,{ o .iop_at %e f%‘sbﬂew'tt[lﬂe + wer e 20
washed four e|#1sl§ll‘:’\vlvi 92%?%%%99?0%5%% ?‘Eé an_oll et‘p Z'I'Lsr?lscv\%as was with
PBS only befighgekhe ragdiction £gk 3§uﬁ§ﬁr@£&ﬁﬂﬁ(ﬂﬁ$ﬁgﬁ%%ﬁqi@w y).
Optical densities (ODs) at 405 nmwere neasured at 10 ‘mn and 15 mn at
roomtenperat uce., 25 Table 5 lists the ELI SA data of 20 patient sera. The
ELI SA results using the m xture of three reconbinant r56 pol ypeptides
correl at ed Baglan kerthosatobhai pedauseng S21L W24 B30 PIATAdIGP/ 11379 33
whol e cell lysate fromthe corresponding strains as the coating antigen. A
basi ¢ problIethandst he dé8eda) of di agnostic tests for Orientia is that
nuner ous serotypes exist. Eight _Erot otypes (G lliam Karp, Kato, TA686, -
ELISA. 96 well microtiter plates were coated overnight S
at 4°C with antigens diluted in PBS and blocked with
0.5% boiled casein for 1 hr, rinsed with PBS twice, 5
10 min each time. Linbro U plates (Cat. No. U 76-311-05,
ICN, Costa Mesa, CA) were used for assays with rabbit
sera while Microtest III tissue culture plates (Falcon
#3072) were employed with human sera. Patient sera were
diluted 1:100 in PBS. The plates were incubated for 1
15 hr at room temperature, washed four times with 0.1%
Triton X-100 in PBS. Peroxidase conjugated mouse anti-
human IgG (Fc specific) (Accurate Chemical and
Scientific Corp., Westbury, NY) diluted 1:2000. After 1
hr incubation at room temperature, the plates were
20 washed four times with 0.1% Triton X-100 in PBS and the
last wash was with PBS only before the addition of
substrate ABTS (Kirkegaard & Perry). Optical densities
(ODs) at 405 nm were measured at 10 min and 15 min at
room temperature.
25 Table 5 lists the ELISA data of 20 patient sera. The

ELISA results using the mixture of three recombinant r56

polypeptides correlated well to those obtained using
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5 TA716, TA678, TA763, TH1817) have been wi dely used as reference strains
for MF serotyping of isolates collected throughout the areas endem c for
Oientiawo,02029%9 |In recent years several additional ser@®Ccypsszinem Japan
and Korea have been recognized (5, 22, 33). W 10 have recently
characterized nore than 200 Oientia isolates by restriction fragnent
| engt h pol ynor phi sm (RFLP) anal ysi s38f four different antigen gene
honol ogues followi ng their anplification by polynmerase chain reaction (6,
11). 45 RFLP variant types were 15 identified. The dom nant human i mmune
response i he varjiable 56 kDa outer..menbrane rote%gewhich IS

|

S ain .
t he maj or 5ﬁ??§eﬁezﬁsﬁYﬁﬁﬁ?s %WiFp?uﬁ?ﬁiﬁﬁgﬁfd%§§n§t%@ﬁr&hgsa geni ¢
serotypes und_in_J angd .Tal Ve I further subdivided
ceroLyRes LeundabnsARean, and LAl b, s, apud e L her subdi i de
Cross- 1 eackh uEnAGERLNEL XL Sto Nofi dier nis MO alRSobls ddiictypical ei n. DA
sequence analysis of 56 kDa gemes—fromr various serotypes has feveal ed that
the sequenggsspBYEbEnht dhMbEed,h&d o(dOLri GoNseiMed and ,f awsaegri abl e domai ns
25 (19). These conserved domains of 56 kDa protein may account for the
Cross-reacthvity oheanti SE76R A0EHISL7) diarex Se=csenatdgies ushid est he vari abl e
domains are very 33 WO 02/083069 PCT/US02/ 11379 34 likely responsible for
sone of theeferehypesspetnditot WIbbssramding Of ésolaterhe r56 reconbi nant

proteins |ack nost of the conserved regions of the 56 kDa protein at both
the N andcelierhedushrrhghewnshs aargayigitemic for Orientia (7, SR

24) . In recent years several additional serotypes from
Japan and Korea have been recognized (5, 22, 33). We
10 have recently characterized more than 200 Orientia

isolates by restriction fragment length polymorphism
(RFLP) analysis of four different antigen gene
homologues folloWing their amplification by polymerase
chain reaction (6, 11). 45 RFLP variant types were

15 identified. The dominant human immune response is
against the variable 56 kDa outer membrane protein which
is the major antigen distinguished in serotyping. Some
of the antigenic serotypes found in Japan and Taiwan
have recently been further subdivided by RFLP analysis

20 of their 56 kDa genes (10, 18, 29). Both specific and
cross-reactive domains exist in different homologues of
this protein. DNA sequence analysis of 56 kDa genes from
various serotypes has revealed that the sequences may be
divided into four conserved and four variable domains

25 (19). These conserved domains of 56 kDa protein may
account for the cross-reactivity of antisera against

diverse serotypes while the variable domains are very
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5 between the first and the second variable domain and between the second
and the third variable donmain are relatively short. Consequently,, the
broad reaw0Dinios3penf r56 nay be due to the conserved regi @aTiusozt B® bet ween
the third and the fourth variable domain which is about 10 160 residue

| ong. The four variable donmains are responsible for the strain specificity
in serological tests. The O tsutsuganushi strains Karp, Glliam and

Kat o have been shown to be antigenically distinct. They were isolated from
di fferent geographic areas (Karp from15 New Guinea, G |liamfrom Burnma
Kat o from Japan) Recenth a rapid fl ow assay for di agnosj s of scrub
typhus usi hd ?356( R&FBPPRIsD sﬁomgow@wﬁ&j SRR L YRIRAE L6 Hhe broad
reactivity of th| RFA, 56 ,ant]jgens roduced fromstrains Glliam
and Kato t88 56706 he) BEARREAS! hEURrR Y Oty AR SE5 i ni cal

sites. 0 mauabE tthcég J%ega%]gélc\alr?élgpﬁ SUEN ﬂBE'E’Jo"%%n ot ei n

ant i gen of t sut sugasz I nmuno nant ants gen In uman

| nf ect | onsy,oFyr {Herx tQﬁdZé sLEAluyarhal i sl QY antigar e vel |

docunented. In order to develop a diagnostic reagent at mnll det ect

nost scasespefwsehUBhEYPhYSET BheCthONseddify RrafQyRd R Q2/q083069
PCT/ US02/ 11379 35 enbodi nent of the invention includes the r56 Karp

antigen al peewewfiether epaced ayd PROCEIMRE MardrabIe dewdiirnafreon With or b.
nost preferably, a conbination of different serotype antigens in the
anti gen cockiatively short. Consequently, the broad reactivity of
r56 may be due to the conserved region located between
the third and the fourth variable domain which is about
10 160 residue long. The four variable domains are
responsible for the strain specificity in serological
tests. The O. tsutsugamushi strains Karp, Gilliam, and
Kato have been shown to be antigenically distinct. They
were isolated from different geographic areas (Karp from
15 New Guinea, Gilliam from Burma, Kato from Japan) .
Recently a rapid flow assay for diagnosis of scrub
typhus using r56 (Karp) (36, 37) was developed. To
improve upon the broad reactivity of this RFA, r56
antigens were produced from strains Gilliam and Kato to
20 be included in the RFA for future evaluation at clinical
sites.

In summary, the 56 kDa major vériable outer membrane
protein antigen of 0. tsutsugamushi is the
immunodominant antigen in human infections. Further, the

25 strain variations of Orientia are well documented. In
order to develop a diagnostic reagent that will detect

most cases of scrub typhus infection, the preferred
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5 enpl oyed. The gene encoding this protein fromthe Karp strain (am no
acid 80- 456, designated as r56) was cloned, expressed, and purified in
accor dancwowRiss0RPROCEDURE | . I n foll owi ng PROCEDURE | relparivse2/11374 he Kat o
and 10 Glliamstrains, the 56 kDa protein fromthe Kato strain and the
Glliamstrain were expressed with slight nodifications to the procedure
(PROCEDURE 1) that was wused to express and purify r56 fromthe Karp
strain. This nodification is attributable to the use of 15 different

prinmer in the production of each of the r56 Karp (SEQ ID NO 1), r56 Kato
SEQ ID NO.4), and r56_ Glliam (SEQ ID NO 5) pol ypeptides. The r56 G lliam
fand 156 KEFHOSBCPFUREatRE AEVBDEROThEnRIUGE CEir fikaBd  exhibited the

expect ed size.by SDS-PAGE (am no acids 81 r.r56 Glliam total of
368 ani no 5‘8?’&@3!’%#%@’5@ e BiITHB3® o?yr%(%ﬁjogﬁt%{ a1t of® 373 amino
acid). The HAN id r j I {] +95 but
reacted st FS@??%M%E%%B&E%T&%%S@%?% r ’c?ape?f"lor‘%gtﬂl}@%%g!% ut not

Wi th RK-C3G5%roTARECSLALEP L SEnLPg@nl | gENShAeLe: fH X Alic@dy equal ratio and
used as the antigen in an ELI SA."A panel of pati'ent sera exhibiting a

W desrangeegblegagtivity was enployed to conpare the 35 WO 02/ 083069

PCT/ US02/ 11379 36 reactivity of m xed reconbi nant r56 antigens with m xed
whol e cel | arthgerse BneddinGAthdsulretedbr €ramedhwekhrpt etirhose obt ai ned

using whole cell lysate fromthe corresponding strains as the coating
anti gen i n(gpméno acid 80- 456, designated as r56) was cloned,

expressed, and purified in accordance with PROCEDURE I.

In following PROCEDURE I relative to the Kato and

10 Gilliam strains, the 56 kDa protein from the Kato strain

and the Gilliam strain were expressed with slight
modifications to the procedure (PROCEDURE I) that was
used to express and purify r56 from the Karp strain.
This modification is attributable to the use of

15 different primer in the production of each of the r56
Karp (SEQ ID NO.1l), r56 Kato (SEQ ID NO.4), and r56
Gilliam (SEQ ID NO.5) polypeptides. The r56 Gilliam and
r56 Kato are truncated at both the N and C-termini, and
exhibited the expected size by SDS-PAGE (amino acids 81-

20 448 for r56 Gilliam, total of 368 amino acids; amino
acids 81-453 for r56 Kato, total of 373 amino acid). The
r56 Gilliam did not react with monoclonal antibody E+95
but reacted strongly with RK-G3C51. The r56 Kato reacted
with E+95, but not with RK-G3C51. These three r56

25 antigens were mixed at an equal ratio and used as the
antigen in an ELISA. A panel of patient sera exhibiting

a wide range of reactivity was employed to compare the
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5 ELI SA. These results provide strong scientific evidence which supports
that the m xture of the reconbinant proteins has the potential to be used
as a di agwogiiog30o6e eagent, exhibiting broad sensitivity aneChiugh2/11379
specificity for scrub typhus infection. 10 Simlarly, inventor had further
devel oped as a further enbodi ment of this invention, an inproved nethod
(PROCEDURE |1) for the production of 3Rarp r56, Kato r56 and Glliamj'56.
Surprisingly, the final products prepared in accordance with this new

met hod were 15 produced in substantially higher concentration and purity

repar o0 bESRRELBLEVi Bham: ProceseoTPRIROURS 9 AR S6d Maren Nor o
Rocknure Port"EabTRegriney: ra (BRI A e B er o
expr osel ng PsBn0er o EPERRESSuPTd hlote U Bke CRERPTUA'SC! opyr anosi de
Shaking. 28250 S97pE3AR5-RRG BRSBTS 0 TR MR chant 36 ST Ml
pol ygepti dgi.13he +HhEsePOLYRERS i Slas, WaY &L SRedtms fikClesidenceodi es (1 B)

in E ~coli BL21. Cell pellets were re-suspended in buffer A (20 mM
Tris-HCl, phi8hOpuppontai thay thearvhEOA et GHe recombinant
proteins has the potential to be used as a diagnostic
reagent, exhibiting broad sensitivity and high
specificity for scrub typhus infection.

10 Similarly, inventor had further developed as a
further embodiment of this invention, an improved method
(PROCEDURE II) for the production of Karp r56, Kato r56
and Gilliam x56. Surprisingly, the final products
prepared in accordance with this new method were

15 produced in substantially higher concentration and
purity and with less impurities and less aggregates as
compared to the products prepared by the previous
process (PROCEDURE I) disclosed herein. More
specifically, the improved method (PROCEDURE II) is as

20 follows:

PROCEDURE IT

1. Expression of r56: Plasmids carrying the insert

were transformed into the expression host E. coli BL21.
Recombinant E. coli expressing r56 were induced with

25 isopropyl-beta-D-thiogalactopyranoside (IPTG) in the log
phase and propagated in LB medium over night at 37°C with

shaking.
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5 mM of phenyl net hyl sul fonyl fluoride (PMSF). The cells were disrupted by
passi ng through mcrofluidizer three tines and the cell extract was
centrifugwo 0aws®e®O00 x g for 30 mn. The pellets were extcadatsediireh 2 M
urea in buffer A and dissolved in 8 Murea containing 10-20 10 mVDTT for
2.5to 5 ng/m of r56. After incubation at roomtenperature for at |east
20 mnutes, the sanple solution was Xentrifuged at 8,000 x g for 5
mnutes. The cl'ear supernatant (<1/10 of .the colum volune) was applied
to size-exclusion colums TSK P3000GW (21.5 nmm x 15 50 cm -tandem TSK

P4000SW (21.5_mm x ;Lgo 03 col Erm e ulilibrated \¥ 8 Murea and 1 mM DTT
|n|20 m\/l'(lj'rls2 r - h(?n§c,6onta|n|ngther 56
po ypeptl ool ed_and | oaded into the h I

PoLYREPt] 06 deroRanedand e%@efefa%ésefu%eaé%% BEEPBRaEF G i ent o
NaCl from t in hte r f 5
m/mn. % %ﬁ%idlBr%'gllof ?%%%E)re?flfg'\eég ég ;%%%?é%éeé %ivol?‘g#ﬁgloof rs56 in

but fer B wey Cwmsbhﬁeq%ﬁnfe' ab, Qbﬁté{ﬁ?ﬁn@ﬂéhmﬁ Mk eand 4 M urea, and
2 Murea |n buffer 25 A and finally'wth buffer A only. The peak fractions

fromg he Diff o30buanyieke hsarhilfesyandl doal §2edpagrj nstThe yvollgres of 6 M
urea in buffer Afor 30 mnutes at 4 37 WO 02/083069 PCT/US02/11379 38

degrees Celwaires di4C€upiteld bwegawistiingt whrohaghgescodfihedidenl ylsree sol uti on

and dialyzed for a total of an additional 60 m nutes. The same procedure
was repeat edmesi end4 thleaneld Kxgreati napufertrifugsdept 9. B0UM of

for 30 min. The pellets were extracted with 2 M urea in
buffer A and dissolved in 8 M urea containing 10-20

10 mMDTT for 2.5 to 5 mg/ml of r56. After incubation at
room temperature for at least 20 minutes, the sample
solution was centrifuged at 8,000 x g for 5 minutes.
The clear supernatant (<1/10 of the column volume) was
applied to size-exclusion columns TSK P3000SW (21.5 mm X

15 50 cm) —-tandem TSK P4000SW (21.5 mm x 100 cm) column
equilibrated with 8 M urea and 1 mM DTT in 20 mM Tris-
Hcl, pH 7.8 (buffer B). Peak fractions containing the r
56 polypeptide were pooled and loaded into the anion-
exchange DEAE column (21.5 mm x 30 cm). The bound r56

20 was eluted with a linear gradient of NaCl from 0 to 0.4
M in buffer B over 30-60 min at a flow rate of 5 ml/min.

3. Refolding of the purified r56 polypeptide:

Refolding of r56 in buffer B were achieved by sequential

dialysis with 6 M urea, 4 M urea, and 2 M urea in buffer
25 A and finally with buffer A only. The peak fractions

from the DEAE column were combined and dialyzed against

8 volumes of 6 M urea in buffer A for 30 minutes at 4

&
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5 oxidized formof glutathione was included in the 4Murea solution. The
final dialysis was against buffer Awith two initial changes of buffer for
30 mn eawbh,02@8369 finally overnight at 4C. Protection Effipcamsodatszo f or (a)
r56 (Karp only), (b) 10 r56 (Kato only) and (c) a m xture of r56 Karp, r56
Kato and r56 Glliam challenged by Kato. Table 5: I mrunoprotection of
Swiss Qutbred CD1L Mce from Oientiad8tsutsuganushi Karp Strain with Kp r56
Vacci ne using Freund' s Inconplete Adjuvant and Alum+ 15 CpG VACCI NE
ADJUVANT BOOST PROTECTI ON SEROLOGY PBS FIA - 38.5%0.100.25 PBS FI A Boost

52.9% 0. 060, 06__PB - 41.2%0, 12 PBS Al G, B 30. 8%

0. 060. 07 qF%%SF%’AfISE%C&% 5%%”1%”6% qéb%ﬁ S59E Y050, %8?37 Kp r56
Al G 0 420 12

FI X?Fgunddzg}ﬁé%%rp%lg?ugﬁcp uvan?g]aé%:ﬁg Ienlggloo%tém ésé) (%mt bred CD1 mice 38
WO 02/ 08306893 PETLLSD24 4 1349, 39, Tahe Lo Jeperdeace Ipeated

| mmunoprotection of Swss Qutbred CD1 Mcé from Oientia fsutsuganushi
Kato StraiwicmiihvKat® 7 96 Maccine durddie pr eseree of sFpeuad' s [ nconplete

Adjuvant. 5
5 oxidized form of glutathione was included in the 4M urea
solution. The final dialysis was against buffer A with
two initial changes of buffer for 30 min each, and

finally overnight at 4C.

Protection Efficacy data for (a) r56 (Karp only), (b)

10 r56 (Kato only) and (c¢) a mixture of r56 Karp,r56 Kato

and r56 Gilliam, challenged by Kato.

Table 5: Immunoprotection of Swiss Outbred CD1 Mice
from Orientia tsutsugamushi Karp Strain with Kp r56

Vaccine using Freund’s Incomplete Adjuvant and Alum +

15 CpG.
VACCINE ADJUVANT BOOST PROTECTION SEROLOGY
PBS FIA - 38.5% 0.10+0.25
PBS FIA Boost 52.9% 0.06%+0.06
PBS Alum-CpG - 41.2% 0.12+0.009
PBS Alum-CpG Boost 30.8% 0.06+0.07
Kp r56 FIA - 100% 1.56+0.15
Kp r56 FIA Boost 95% 1.49x0.37
Kp r56 Alum-CpG - 76.9% 1.48+0.08
Kp 56 Alum-CpG Boost 73.7% 1.42+0.12

FIA=Freund’s Incomplete Adjuvant

IP challenge of Swiss outbred CDl mice
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Vaccine Protection (Kato r56) 0.0 ug 0% 0.8 ug 14% 2.5 ug 43% 8.0 ug
43% 25 ug 57% | P challenge of Swiss outbred CO mce Table 7. Efficacy of
the trivawenk/osmeri ne (KpKt Gm r56) agai nst honol ogous cha&Cirarsge16f9 Kat o
strain. 10 Challenge Strain of Vaccinated Mce Unvacci nated Mce O.

t sut suganushi (#survived/total #) (#survived/total#) PBS 7/7 7/7

Kat o(1, 000 LD50;1P) 4/7* 0/7 *Time te9death was increased slightly by
vacci nati on when conpared to unvaccinated (PBS injected) control mce. IP
chal  enge of Swiss outbred CD1 mice. The inventors have disclosed efficacy
data which _ 15 supports the use of one, two or all three antigens in a

monoval et %i&alEtie drPsdarstent pREHARREREFEAEC39°N0D° ¥5FD83069

PCT/ USO 379 ) it el i it [ )
oot U etafd o ftR ety P P CERESHPRRTT kRBaar s e cogn ze t hat
DNA | h, i | LAezb h

O B, L, SO 1oL, o apATes oot oo

Initl se an oteinint w ng dose may be
used fof, NG MAGE IS uvant .
5
Vaccine Protection
(Kato r56)
0.0 ug 0%
0.8 ug 14%
2.5 ug 43%
8.0 ug 43%
25 ug 57%
IP challenge of Swiss outbred CDl mice
Table 7: Efficacy of the trivalent vaccine (KpKtGm r56)
against homologous challenge of Kato strain.
10
Challenge Strain of Vaccinated Mice Unvaccinated Mice
0. tsutsugamushi (#survived/total#) (#survived/total#)
PBS 7/7 7/7
Kato (1,000 LD50;IP) 4/7% 0/7

*Time to death was increased slightly by vaccination when
compared to unvaccinated (PBS injected) control mice.
IP challenge of Swiss outbred CDl mice. |
The inventors have disclosed efficacy data which
15 supports the use of one, two or all three antigens in a

monovalent, bivalent and trivalent pharmaceutical
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It is contenplated by the inventor(s) that the followng five (5)
categories of bioactive substances, conbinations thereof and their use are
wi t hi n t woseogseenf 10 this invention: 1. r56 Karp preparen/usy2/PRECEDURE

and Il 2. r56 Karp prepared by PROCEDURE | and Il in conbination with r56
Kato prepared by PROCEDURE | and Il 15 3. r56 Karp prepared by PROCEDURE I
and Il in conbination with r56 G Il i4m prepared by PROCEDURE | and |1 4.
rKarp prepared by PROCEDURE | and I, 20 rKato prepared by PROCEDURE | and
1, rGIlliamprepared by PROCDURE | and IIl, .and 5. Each of the categories

(1-4)herein above in , conbinatjon wth other bioactive and
phar macetPIBAPE Y e cHIABIRSS 48 GOm0/ BB 5060 PEFIUS2 11370 41
. FukusheooTosi R | PR QYT T RRRE TGy dan "ok S Tpapalysacchar | de
B anar . KEek Vo 2 TR IRG Ny sty RS By 2 ©
Eocher | ChTa o1 RenA 10 mrstern Cora apl ne Tr b Sy Quant . Brol .
49: 5@7-51ditial dose and protein in the following dose may be used
for the vaccine.
It is contemplated by the inventor(s) that the
following five (5) categories of bioactive substances,
combinations thereof and their use are Within the scope of
10 this invention:
1. r56 Karp prepared by PROCEDURE I and IT
2. r56 Karp prepared by PROCEDURE I and II in
combination with r56 Kato prepared by PROCEDURE I
and II
15 3. r56 Karp prepared by PROCEDURE I and II in
combination with r56 Gilliam prepared by PROCEDURE

I and II

4. rKarp prepared by PROCEDURE I and II,
20 rKato prepared by PROCEDURE I and II,
rGilliam prepared by PROCDURE I and II, and
5. Each of the categories (l-4)herein above in
combination with other bioactive and

pharmaceutically-acceptable.

25
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1132,

15 Obviously, many modifications and variations of the.
present invention are possible in light of the above
teachings. It is therefore to be understood that, within
the scope of the appended claims, the invention may be
practiced otherwise than as specifically described. It is

20 contemplated that this invention can be used to develop
and/or augment vaccine therapy, prophylactic and therapeutic
treatments for other diseases caused by facultative
intracellular pathogens and/or agents such as a virus,
bacteria, fungus, venom, pollen, protozoal, and mixtures

25 thereof.
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1. Primer 56FGm (784 / 819) 36bp Priner: 55 TTAGCTGCGCAATATGA
BS0OCAATTGCACCAGGATTTA GAZ3 Nde |l 2. Prinmer 56RGm (1929
/ 1894) 3wbp2Msioner: 5° ATGAGCTAACCCG1 GA ?Ys1Us@3mA CAC
CAGCCTATAT TGAZJ3 BanH | #0 Reference: Tanura, A, H Ikeda, H
Nashi noto, and N. GChashi.1992. Diversity of inmunodom nant 56-kDa
type-specific antigen(TSA) of rickettsia tsutsuganushi: Sequence and
conparati ve anal ysis of the genes encodi ng TSA honol ogues WO 02/ 083069

PCT/ US02/ 11379 50 from four antigenic variants. J. Biol. Chem 267, 12728-
12735 THReirtspept i AdeashiomMani Ao Acisthisotes3H(békedd) SEG AD R@wras 4 was
cl oned i PEIDR e prred stasmenscingr OfThvbet geak #tepS6anpRecdendsaare 373.
>Kato s eribes 21t REN frWKRILVKEASA IRSAESEPRSANSANE|. CBEGE | ECGPYAKVG
VWGGM TGME 1P -STRL DPADAG GKKQLPLTTS MPFGGTLAAG M APGFRAE LGVMYLANVK
AEVESGKTGS DADI RSGADS PMPQRYKLTP PQPTI MPI SI ADRDLGVDI P NVPQGGANHL
GDNLGANDIIR RADDRY SEAACNYAGYDEWRO BRNNPGARKY SNRYLLNERQGSES PPNARNPRQAM

QPCSI| LNHDH3ARHE MG T AL INBNANKRS WS eRPRISSERINY veQk YROVERE AL RVAG £\PED

amino acids are 368,

10 »>Gilliam sequence number 25 524 aa
MKKIMLIASA MSALSLPFSA SAIELGEEGG LECGPYGKVG IVGGMITGAE
STRLDSTDSE GKKHLSLTTG
LPFGGTLAAG MTIAPGFRAE LGVMYLRNIS AEVEVGKGKV DSKGEIKADS
GGGTDTPIRK RFKLTPPQPT
15 IMPISIADRD VGVDTDILAQ AAAGQPQLTV EQRAADRIAW LKNYAGIDYM
VPDPONPNAR VINPVLLNIT
QGPPNVQPRP RONLDILDHG QWRHLVVGVT ALSHANKPSV TPVKVLSDKI
TKIYSDIKPF ADIAGIDVPD
TGLPNSASVE QIQSKMQELN DVLEDLRDSF DGYMGNAFAN QIQLNFVMPQ
20 QAQQQQGQGQ QQQAQATAQE
AVAAAAVRLL NGNDQIAQLY KDLVKLQRHA GVKKAMEKLA AQQEEDAKNQ
GEGDCKQQQG ASEKSKEGKG
KETEFDLSMI VGQVKLYADIL: FTTESFSIYA GVGAGLAHTY GKIDDKDIKG
HTGMVASGAL GVAINAAEGV
25 YVDLEGSYMH SFSKIEEKYS INPLMASVGV RYNF
Gilliam Strain
1. Primer 56FGm (784 / 819) 36bp
Primer: 5’ T T A G C T G ¢ G ClaTa Tg
30 ¢c A A T T G C A C C A G G A T T T
G A 3
Nde I
2. Primer S56RGm (1929 / 1894) 36bp
Primer: 5’ A T G A G C T A A C ¢ ¢ GVa A
35 T ¢ ¢ A A C A C CAccCT-ATA A T
T G A 37
BamH I
40 Reference: Tamura, A., H. Ikeda, H. Nashimoto, and N.

Ohashi.1992.Diversity of immunodominant 56-kDa type-specific
antigen(TSA) of rickettsia tsutsugamushi: Sequence and
comparative analysis of the genes encoding TSA homologues



PLPNSASVEQ | QNKMQELND | LDEI RDSFD GCl GGNAFAN Q QLNFRI PQ  AQQQGREAQ
QRAQATAQEA AAAAAVRVLN NNDQ | KLYK DLVKLKRHAG | KKAMEELAA QDGGECNGGED 20
NKKKRGASBRORWEIBHEKGG KCKETKETEF DLSM VGQVK LYADLFTTES FSIPEAGESEXA379
LAYTSCKI DG VDI KANTGW ASGALGVAI N AAEBVYVDI E GSYMHSFSKI  EEKYSI NPLM
ASFGVRYNF 25 Kato Strain 1. Primer 56FKt (785 / 820) 36bp Priner: 5
GCTGCACGATATGA CAATCGCGCCAGGATTTAGA 3
| 30 2. Prinmer 56RKt (1945 / 1910) 36bp Primer: 5 ATAAGCTAACCC
GGA TCCAAGACCAGCCTATAT TGA3 35 Karp: Open reading
frane (#5880 #00E])anhibetiohehsieqiencd - Baplpr 6hemn @gpreddiadf- (#793- #1923)
556 ATGAR BEAAATTATG TTAATTGCTA GTGCAATGIC TGCGITGICG 40 601 TTGCCATTTT
CAGCTAGIGC AATAGAATTG GGCCGAAGAAG GATTAGAGTG TGGTCCTTAT 661 GCTAAAGITG
GAGTTGT UG AGGANREATIHAGTGECGIAGAATEIGETCESETTBCATEEA S7Q1IBCTGATGCTG
AAGCEAAMAAY FRCATIGTEA TIAKBRAFG cBRCPEECATT VECEPEGARES L2821 THABETGCAG

GT AT GACAAT reCEREGHRGEY T TBIAGAGCAG AGATAGGTGT TATGTACCTT 841 ACAAATATAA
CTGCTCAGGT TGAAGAAGGT AAAGITAAGG CAGATTCTGI AGGTGAGACA 45 901 AAGGCAGATT
CT GTAGGTE TAAAGAT GCTS STRATARCEIALAGCCSI TTARSAEGETACACCT WO 02/ 083069

PCT/ USO MK ALY MEHLIEHSRCOELALCPAFAATECCP TARRAGY RFAMELFGF ACGTG

ACT T'PCCEAR IBADACT GXKQLPLTTS

TTA
Nde

MPFGGTLAAG MTIAPGFRAE LGVMYLANVK AEVESGKTGS DADIRSGADS
PMPQOQRYKLTP PQPTIMPISI
ADRDLGVDIP NVPQGGANHL GDNLGANDIR RADDRITWLK NYAGVDYMVP
DPNNPQARIV NPVLLNIPQG
15 PPNANPRQAM QPCSILNHDH WRHLVVGITA MSNANKPSVS PIKVLSEKIV
QIYRDVKPFA RVAGIEVPSD
PLPNSASVEQ IQNKMQELND ILDEIRDSFD GCIGGNAFAN OIQLNFRIPQ
AQQOQGQGQQQ QQAQATAQEA
AAAAAVRVLN NNDQIIKLYK DLVKLKRHAG IKKAMEELAA QDGGCNGGGD
20 NKKKRGASED SDAGGASKGG
KGKETKETEF DLSMIVGQVK LYADLFTTES FSIYAGLGAG LAYTSGKIDG
VDIKANTGMV ASGALGVAIN
AAEGVYVDIE GSYMHSFSKI EEKYSINPLM ASFGVRYNFEF
25 Kato Strain
1. Primer 56FKt (785 / 820) 36bp
Primer: 5’ T T A G C T G C A ClaATa TG A
¢ A A T CG CGCCAGGA T T T A G A
3 Nde I
30
2. Primer 56RKt (1945 / 1910) 36bp
Primer: 5* A T A A G C T A A C c c G ¢ A
T ¢ ¢ A A GA CCOAOGCOCCOCTOATAT
T G A 37
35
Karp: Open reading frame (#556-#2151) and cloned sequence
for protein expression (#793-#1923)
556 ATGAA AAAAATTATG TTAATTGCTA GTGCAATGTC TGCGTTGTCG
40 601 TTGCCATTTT CAGCTAGTGC AATAGAATTG GGGGAAGAAG GATTAGAGTG TGGTCCTTAT
661 GCTAAAGTTG GAGTTGTTGG AGGAATGATT ACTGGCGTAG AATCTGCTCG CTTGGATCCA
721 GCTGATGCTG AAGGCAAAAA ACACTTGTCA TTAACAAATG GGCTGCCATT TGGTGGAACG
781 TTGGCTGCAG GTATGACAAT CGCTCCAGGA TTTAGAGCAG AGATAGGTGT TATGTACCTT
841 ACAAATATAA CTGCTCAGGT TGAAGAAGGT AAAGTTAAGG CAGATTCTGT AGGTGAGACA
45 901 AAGGCAGATT CTGTAGGTGG GAAAGATGCT CCTATACGTA AGCGGTTTAA ACTTACACCT



1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741

AACCAGACCT CAGCAGCAAG CACAAGCCGC AGCCTCAGEC TTAATGATGA GCAACGIGCT
GCAGCTAGGA TCGCTTGGIT AAAGAATTGI GCTGGTATTG ACTATAGGEGT AAAAAACCCT
AATCXOOD#3060 GGCCCTAT GGITATAAAT CCGATATTGI TAAATATTE@CTAGAEAGTAAC 5
CCTAATCCTG TTGGAAATCC ACCGCAGCGAIGCAAATCCGC CTGCAGGTTT TGCGATACAT
AACCATGAGC AATGGAGGCA TTTGGTAGIT GGEGCTTGCTG CATTATCAAA TGCTAATAAA
CCTAGCGCTT CTCCTGICAA AGTATTAAGT GATAAAATTA CTCAGATATA TAGIGATATA
AAGCATTTGG CTGATATAGC TGGTATTGAT GITCCTGATA CTAGITTGCC TAATAGIGCA
TCTGTCGAAC AGATAAAGAA TAAAATGCAA GAATTAAACG ATCTATTGGA AGAGCTCAGA 10
GAAPET TCFTCRAFCRTECTIRIEAT CRCCTIAIAA RYRT A G P T AT FAAN T ACHR AT IBTTCAATTT T
@ﬂ%@tIACA

GT CAFECCEP HSCA ACASAEACABCA

AAARTAGRE

Y

CCNCELRGACCT TRACAET SRAGED A

r

it e e B

entdaGOAARERe AR Piatd fAaT At g A CoAThEAG AR CheTad FAACCAG 15

G

PN Y]

T TGCG

(A LT GGAA

1801 CAAGANEGAAGEATCT Hokidr AR ClavAfrehvdT GEARAANGAGACTAGARGEAT TG TATRATCTG
1861 AGPRAYGARFCATIOCCCIRAGTTARSARGT ETRET GITCATBIAACTRGRT G T GRIAFTABT CTCA
1921 ATATAY GCTEF (SPOT TRIBT LA RECKIPIATICHA TRPATTRCE P TSRARIGS AR CERMGRAGGAT

GCT
GAG 20 -

190N N AT R A i Sy
’ i
2101 AAGERT %MT&K@TT%ng%GH&%%MMMCI&G&&&A 30 35

40 WO 02708 30GBTANCTE USRAAGARAOacandaTheg Lohypepic eesahteroaAotamaadeicd 80- 456
AOMAGAGGCARA, Gmu@t@al nunber

SEQ1E

D N@01 ChAWRAEGAS| CATCUGANAMROATREARAMAS

of  Am A§SAACHATIHTEC ITCECCCANEE cTARHATTAREIL TSR

Cami o 32 A1 HIS0S CRREER S EECHCRUAC I Pumtrion gt

20

25

30

35

40

EEHTHACTAERG

Chi ng

derli ned. -

2041 GAAGGTGTGT ATGTGGACAT AGAAGGTAGT TATATGTACT CATTCAGTAA AATAGAAGAG

2101 AAGTATTCAA TAAATCCTCT TATGGCAAGT GTAAGTGTAC GCTATAACTT C



MI'l APGFRAEI GVMYLTNI TAQVEEGKVKADSVGETKADSVGEKDAPI RK

RFKLTPPQPTI MPI S| ADRDFGI DI PNI POQQAQAAGPQLNDEQRAAARI 10

AW.KNCAG WoRZIEsIMDPNGPMVI NPl LLNI PQGNPNPVGNPPOQRANPP PCT/US02/11379
AGFAI HNHEQARHL VWGELAAL SNANKPSASPVKVLSERI TQ YSDI KHLA

DI AG DVPDTSLPNSASVEQ QNKMQELNDL L EEL RESFDGYL GGNAFAN

Q QL NFVMPOQAQQOGOGOO0AQAT AQEAVAAAAVRL | NGNDQI AQL YK

DLVKL QRHAG KKANEKL AAQQEEDAKNQGEGDCKQQQGTSEKSKKGKDK 15

EAEFDLSM V LYADVM ES SI 20 .25 30 35 40 45 50 WO 02/ 083069
PCT/ USOZ?%?L SR g@ﬂ*@é}ﬁjl % Bamé 5 #é%‘:fl 1489 Ai?ﬂgﬂg g regi on
for prot %P%S? %,_F] PP s VGG @Ed 557AFEA2 FFAT
GFTAATTC%F" GFET \TTGTC 5 601 ATTGCCGITT TCAGCTAGIG CGATAGAATT

AGGATTTAGA GCAGAGCTAG GGGITATGIA 1 CCTT
AGGTAAAAEH W%WE@%@@?W%@&E@%%A TGCCTCAGCG
GTATAAACGTHTKIAGREENGART NS RENSTAR PR RORARAALP RPNDEETARMBECE ATCGTGACCT

TCEAETTGHL NPLg34 I ROGNENTXEN PERRANEEGTG ATAACCTTGG
TGCT AAT GSF PSS A S R K PEAS P VEX FERET TEE Y PPEKRBAATT ATGCTGGTGT

TGACTAT AT G PMEEASR A P QEL AP D LEEREESTREX LEFRFTANATC CAGTGCTATT
AAATATTCERIEEAMERIARS AXQFAGRAR TAQEAVAAAAVRLINGNDQ I AQLYK

DLVKLQRHAGIKKAMEKLAAQQEEDAKNQGEGDCKQQQOGTSEKSKKGKDK
15 EAEFDLSMIVGQVKLYADVMITESVSI

20

25

30

35

40

45

50



is 1201 TCCTAGACAA GCTATGCAAC CTTGTAGTAT ACTTAACCAT GATCACTGGA GGCATCTTGT

1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

AGTTGGTATT ACTGCAATGT CAAATGCTAA TAAACCTAGC GITTCTCCTA TCAAAGTATT
AAGTVGOAMDES0AT TGTCCAGA TATATCGTGA TGTGAAGCCG TTTGCTAGRGTIAGLIIGHETAT
TGAAGTTCCT AGTGATCCTT TGCCTAATAG3TGCATCTGTT GAGCAGATAC AGAATAAAAT
GCAAGAATTA AATGATATAT TGGATGAGAT CAGAGATTCT TTTGACGGGT GTATTGGTGG
TAATGCTTTC GCTAATCAGA TACAGTTGAA TTTTCGCATT CCGCAAGCAC AGCAGCAGGG
GCAAGGGCAG CAACAGCAGC AAGCTCAAGC TACAGCGCAA GAAGCAGCAG CGGCAGCAGC
TGTTAGGGTT TTAAATAACA ATGATCAGAT TATAAAGTTA TATAAAGATC TTGTTAAATT
GAAGETT CAID €I AEHATTA Brpe) AHEST -CEARGAATTGCEeTedTCAEEoOACEEAGETTG
TAATCIREET COTETRTAGR GGG 1AGEREEETPCT GAAGACTCTG ATGCAGGAGG

TG BGOSR TR AR CORGL AL AR T L AT GO EGT GAATATAT
1861 sTGT o TRy Al rGPATATATCC

1921
1981
2041

cdtebAATe
2101 AAATAAAT eiGT gﬁﬁﬂ;’éﬁ%@s&ﬁc@é’iﬂ' 'E@EEEGECA@@GEASI’G%AGCI&'@CG& actOrAMA102/ 083069

TGGICTTEGT TWEAGG@TAM@W@ATMNW@TA@TTAAA@

TAATACT ot AR %ﬁg GTATTC

GITATGT

PCT/ US02/ 11379 ABMCQAr} [AGTHTTEYGR ATFTARICH %GWGQ'F@T (A3SBAREITELYTCAME ¢l oned

GCTAATGAT ATTCGGCGTG CTGACGATAG

sequence(#7 %ﬁj%ﬁ b Tl CCAGATC CTAATAATCC
ATGAAAAAAAT Al oot hoASherell GaboaTCCae CTAATGCAR

GT T BCAGCT A& (GCLATACAAAY ECEAFEE CAACGAANEAAREA ETACAGT (GRCOACTGGA GGCATCTTGT

GT CCTTACGGT AMAGITIGEAA
TCTACTCGCTT&3T
AACAACT GGA e

@mr@gg\@m\rcwccm TCAAAGTATT

CTAGAG TAGCTGGTAT
TAC AGAATAAAAT
GGT GTATTGGTGG

CAC@/@GGATTTW@\WM @IXA@@MEA'EAA@‘CAAGCAC AGCAGCAGGE
GCTGAGGT TGAABSEACKBF AFRAT SCANEETRACATICCTHRARA CEACATGAT /GRAGCAGCAG CGGCAGCAGC

GECAGATTCT GG R AL AT T ATHGEE AR R I& M cCrcanc acseacerne

1741 TAATGGAGGT GGTGATAATA AGAAGAAGCG AGGAGCATCT GAAGACTCTG ATGCAGGAGG

25 1801 TGCTTCTAAA GGAGGGAAAG GCAAAGAAAC AAAAGAAACA GAGTTTGATC TGAGTATGAT

1861 TGTCGGCCAA GTITAAACTCT ATGCTGACTT ATTTACAACT GAATCATTCT CAATATATGC
1921 TGGTCTTGGT GCAGGGTTAG CTTATACTTC TGGAAAAATA GATGGTGTGG ACATTAAAGC
1981 TAATACTGGT ATGGTTGCAT CAGGAGCACT TGGTGTAGCA ATTAATGCTG CTGABGGTGT
2041 GTATGTGGAC ATAGAAGGTA GTTATATGCA TTCATTCAGT AAAATAGAAG AGAAGTATTC

30 2101 AATAAATCCT CTTATGGCAA GTTTTGGTGT ACGCTATAAC TTC

35

40

20

25

30



TTACACCACCTCAGCCTACTATAATGCCTATAAGTATAGCTGATCGTGAT
GTGGGGGTTGATACTGATATTCTTGCTCAAGCT GCTGCTGGGCAACCACA 15
GCTTACT GTW GAGGEBRGGEGCT GCAGATAGGAT TGCTTGGTTGAAGAATT
ATGCTGGTATTGACTATAT GGTCCCAGAT CCTCAGAAHCCTAATGCTAGA
GTTATAAATCCTGTATTGTTAAATATTACT CAAGGGCCACCTAATGTACA
GOCTAGACCT CGGCAAAATCTTGACATACT TGACCATGGTCAGTGGAGAC
ATTTGGTAGTTGGTGT TACTGCATTGTCACATGCTAATAAACCTAGCGTT 20
ACTCCTGTCAAAGTATTAAGT GACAAAATTACTAAGATATATAGT GATAT
AAAGCCAT TTGCREATARAGCPRETATREATCPT EETmaT AETEETH A7) and
CTAATAGTGCAT CtENECAACACATACAGAGFARART BT AACGRATIRAAC
GATGTATTGGAAGACCTCAGAGATTCTTTTGATGGGTATATGGGTAATGC

TTTTGCTAAT CAGR AGAGT HEAM I AT PRl AN a8
GOGECAAERISRACEIACAITAAKITCAGAT:

AGCAGCA!

ACACKESARLAETETG

GCAGT AGCAGCAGCAGTRGIIAGRETTEEA AT GEOAATIGAA TIRGATITIGCACGAA
GCAGT TATATAAAGRIC FECITRAARTCRECIEEITT AT RGPS FARKGA CA

GCCATGGAAAAA
GGTGA
AGGAAAA

CRAATTG
‘E AT, C

T LA Lo KA A Hop ek G T AN W@

TTAAACT CT AT GETASCER ATTC RACAACT AT QAT ACECAATATATGTETGAT
GGT GT TGGT GCCAGBSIGTHAT AET FAT G GAAPOATAGAT A TAACAS CACA
TATTMA&BCAFAWWWWWAWM"

TTAATGCTGCT
TCATTCAGT.
WD 02/ 083069

A

PCT/US02/11379

AGGTGTACGCTATAACTTC

P A
éFﬁCTééTTW&-ENb&TQﬁAME&AGSGTﬁ A reconbi nant

pol gpept i de \mr@dm@ammsmbb@mmamdmmqmmﬁEQ IDNO: 1. 2. A
reconbi nant pehgERAPTTGIFCATAIALATGRFATIFACERICATAATANTEGTITIGC

25

30

35

CTAATAGTGCATCTGTCGAACAGATACAGAGTAAAATGCAAGAATTARAC
GATGTATTGGAAGACCTCAGAGATTCTTTTGATGGGTATATGGGTAATGC
TTTTGCTAATCAGATACAGTTGAATTTITGTCATGCCGCAGCAAGCACAGC
AGCAGCAGGGGCAAGGGCAGCAACAGCAAGCTCAAGCTACAGCGCAAGAA
GCAGTAGCAGCAGCAGCTGTTAGGCTTTTAAATGGCAATGATCAGATTGC
GCAGTTATATAAAGATCTTGTTAAATTGCAGCGTCATGCAGGAGTITAAGA
AAGCCATGGAAAAATTAGCTGCCCAACAAGAAGAAGATGCARAGAATCAA
GGTGAAGGTGACTGTAAGCAGCAACAAGGAGCATCTGAAAAATCTAAAGA
AGGAAAAGGCAAAGAAACAGAGTTTGATCIGAGTATGATTGTTGGCCAAG
TTAAACTCTATGCTGACTTATTTACAACTGAATCATTCTCAATATATGCT
GGTGTTGGTGCAGGGTTAGCTCATACTTATGGAAAAATAGATGATAAGGA
TATTAAAGGGCATACAGGCATGGTTGCATCAGGAGCACTTGGTGTAGCAA
TTAATGCTGCTGAGGGTGTATATGTGGACTTAGAAGGTAGTTATATGCAC
TCATTCAGTAAAATAGAAGAGAAGTATTCAATAAATCCTCTTATGGCAAG
TGTAGGTGTACGCTATAACTTC



5 the polypeptide is a refol ded expression product of a truncated
non-fusion r56 kDa protein of Orientia tsutsuganushi. 3. A nethod for the
r ef ol di ngwofo2astosuncat ed, non-fusion expression product eCTiUse21869 kDa
gene of Orientia 10 tsutsuganmushi whe¥sein the nenbering anchor regions of
the 56kDa gene are renoved. 4. A nethod according to Claim3 wherein
specific translation start/stop sites are inserted into the reconbinant
construct in order to permt correct refolding 15 of transl ated
pol ypeptide. 5. A nethod according to Claim3 wherein specific translation
start siVBATstD-1AEMED ak2: j nserted into the reconbinant construct using
pol ymer ade &heserilabeaniorioo byrewt e mésisino g ospstiemse RS sMiing 8Fidn
expression vector 20 wherein the DNA encoding the polypeptide of Caiml
is insefe@dence SH{e EXp¥essibn systemof Caim6 wherein the expression
vector is selected fromthe group consisting of plasmd and viral
expressi 8n & cee TR 1rpntg, PRy RSIY ks AT NP IMESf cdledinmle WRigEeén t he
plasmd vector of Caim7 is selected fromthe group consisting of WO
02/ 083060hPEIP TR UHBT 9L s 56 rfH dgsvisixpressipneRpredsitoRfsyst em of Claim 6
wherein the viral expression vector of Claim7 is selected fromthe group
consi st i hyuefatafenoviriss il 5 hdipepriotedn wicOindieatiiarus 5 and
bacul ovirus. 10. A nethod for inducing an i mmune response to reconbi nant,
tsutsugamushi.
3. A method for the refolding of a truncated, non-fusion
expression product of the r56 kDa gene of Orientia
10 tsutsugamushi wherein the membering anchor regions of the
56kDa gene are removed.
4. A method according to Claim 3 wherein specific
translation start/stop sites are inserted into the
recombinant construct in order to permit correct refolding
15 of translated polypeptide.
5. A method according to Claim 3 wherein specific
translation start sites/stop sites are inserted into the
recombinant construct using polymerase chain reaction.
6. An expression system consisting of an expression vector
20 wherein the DNA encoding the polypeptide of Claim 1 is
inserted.
7. The expression system of Claim 6 wherein the expression
vector is selected from the group consisting of plasmid and
viral expression vectors.

25 8. An expression system of Claim 6 wherein the plasmid

vector of Claim 7 is selected from the group consisting of



truncated r56 kDa conprising adm nistering the polypeptide of Claim2in a
sui tabl e pharnmaceutically-acceptable carrier to a subject. 10 11. A nethod
accor di ngwoe2asmsm 10 wherein the pol ypeptide is adm ni stemramsoz/mi379
conjunction with other antigens to fofsma nultivalent fornulation. 12. An
assay for detecting antibody to scrub typhus conprising: 15 (a) Obtaining
a sanple froma subject (b) Exposing the sanple to a pol ypeptide, said

pol ypepti de being a refol ded expressed product of a truncated non-fusion
r56 gene fromOrientia tsutsuganushi in assay equi pnent sel ected from 20
the groupETonsMesti ng of Elisa plates, dot-blot matrices, and hand held
chromat ographic and flow through assay devices. 13. An assay, according to
C ai m 129 whet edxpides i@t oy temntof plaipept wherednantiegerirfdr the detection
of prior exposure 25 to scrub typhus in subjects. 14. An assay, according
to O ai edZradeir@ nrddeo W 0271083060 iRCEeUSe2e81 I70m Ther econbi nant

pol ypeptide of Claiml1l is used as antigen in an enzyne-linked

i Mmunosocdant staissa\w { Bdesyviihs, MLzgssaypeacdand, ngaceidia mitRswher ei n
the reconbinant pol ypeptide of Claim1l is used as antigen in an 5

i ndi mectahdmuw@flaiarescent (11 P) assay. 16. An assay, according to Claim
12, wherein the reconbinant polypeptide of Caiml is used as antigen in a
dot - bl ot1@ss¥@Ymethod for inducing an immune response to recombinant,

truncated r56 kDa comprising administering the polypeptide
of Claim 2 in a suitable pharmaceﬁtically-acceptable carrier
to a subject.

10 11. A method according to Claim 10 wherein the polypeptide
is administered in conjunction with other antigens to form a
multivalent formulation.

12. An assay for detecting antibody to scrub typhus

comprising:

15 (a) Obtaining a sample from a subject
(b) Exposing the sample to a polypeptide, said
polypeptide being a refolded expressed product of
a truncated non-fusion r56 gene from Orientia
tsutsugamushi in assay equipment selected from
20 the group consisting of Elisa plates, dot-blot
matrices, and hand held chromatographic and flow

through assay devices.
13. An assay, according to Claim 12 wherein the recombinant

polypeptide is antigen for the detection of prior exposure
25 to scrub typhus in subjects.

14. An assay, according to Claim 12 wherein the



17. A reconbi nant pol ypeptide which conprises the Amno Acid 10 sequence
SEQ ID NO.: 4. 18. A reconbinant pol ypeptide according to Claim 17 wherein
t he pol ypwptozaesoss a ref ol ded expressi on product of a trweegatsezi1sen- f usi on
r56 kDa protein of Orientia tsutsugaii shi. 15 19. A nethod for inducing an
i mune response to reconbinant, truncated r56 kDa conprising adm ni stering
the Kato polypeptide in a suitable pharmaceutical carrier to a subject.
20. A nmethod for inducing an i mune response to reconbinant, 20 truncated
r56 kDa conprising adm nistering the polypeptide of Claim18 in a suitable
phar nacedetenbinanc eptyaret idaref flaim 4 dgbjiser. ap1 anfigemetRodmaccor di ng
to Claim20 wherein the polypeptide is admnistered in conjunction with
pol ypept edesné r binlgd ermmesd sprhagehias @y FHIEA) sut suganushi strains to
forma WO 02/ 083069 PCT/US02/11379 58 nmultivalent vaccine. 22. A
reconbi ndht Pt yaRgAY deaggnehinoip iTesin He aliersiacitde sequence SEQ I D
NO. : 5. 23. A reconbinant polypeptide according to Caim?22 wherein 5 the
pol ypept Feeoisizantefpd bakridtessi dilpmdudts gEed asr ghtageéd ABn2Rusi on r56
kDa protein of Oientia tsutsuganushi. 24. A nethod for inducing an inmmune
r espénseindireconimamslueresesnted(THY kB@ayonpri si ng admi ni stering the
pol ypeptide 10 of Claim23 in a suitable pharnaceutically-acceptable
carrier 16.a Aubjesay, according to Claim 12, wherein the
recombinant polypeptide of Claim 1 is used as antigen in a
dot-blot assay.
17. A recombinant polypeptide which comprises the Amino Acid
10 sequence SEQ ID NO.: 4.
18. A recombinant polypeptide according to Claim 17 wherein
the polypeptide is a refolded expression product of a
truncated non-fusion r56 kDa protein of Orientia
tsutsugamishi.
15 19. A method for inducing an immune response to recombinant,
truncated r56 kDa comprising administering the Kato
polypeptide in a suitable pharmaceutical carrier to a
subject.
20. A method for inducing an immune response to recombinant,
20 truncated r56 kDa comprising administering the polypeptide
of Claim 18 in a suitable pharmaceutically-acceptable
carrier to a subject.
21. The method according to Claim 20 wherein the polypeptide

ig administered in conjunction with polypeptides from other

25 antigenic Orientia tsutsugamushi strains to form a



25. A nmethod according to Caim 24 wherein the polypeptide is adm nistered
in conjunction with other antigens to forma nultivalent fornulation. 15
26. An asway2fogsetlet ecting anti body to scrub typhus conpPCIiIuUsg2/18y9
bt ai ning a sanple froma subject; ani$ b) Exposing the sanple to a
plurality of polypeptides, said polypeptides being the refol ded expressed
products 20 of truncated non-fusion r56 genes from Oientia tsutsuganushi
in assay equi pnent selected fromthe group consisting of Elisa plates,
dot-blot nmatrices, and hand held chromatographic and flow through assay
devi ces. M5t iING D210 SBOBILIRGT/ US02/ 11379 59 27. A method for inducing an

i mmune response to Orientia_ tsutsuganmushi, conprising the steps of: a)
admi ni st2?i nfy %?qwmbiﬂﬁﬂﬁrRRﬁYRﬁR%ﬂégjW@é@@oFoméﬁéééﬁnghﬁhémKEPpaSb%n
reading frame in a suitable 5 pharmaceutical carrier to a subject; and b)
adm ni st @edwenee DR cdhNQ uct> pl asmi d vector encoding at | east one of the
Kato and G |liamopen reading frane in a suitable pharmaceutical carrier
to a sub}eck.raqPuginagmhmHatb Sl dendgciorg1ag Fﬁwﬁgé1We§BoW§§ernC}ientia
t sut suganushi, conprising the steps of: a) adm nistering a DNA construct

pl asf d veetprlyrewodiad a e @ i9%ded sepypepiraerradacsuptabl e

phar maceutical carrier to a subject; and . '
truncated non-fusion r56 kDa protein of Orientia

tsutsugamushi.
24. A method for inducing an immune response to recombinant,
truncated r56 kDa comprising administering the polypeptide
10 of Claim 23 in a suitable pharmaceutically-acceptable
carrier to a subject.
25. A method according to Claim 24 wherein the polypeptide
is administered in conjunction with other antigens to form a
multivalent formulation.
15 26. An assay for detecting antibody to scrub typhus
comprising:
a) Obtaining a sample from a subject; and
b) Exposing the sample to a plurality of polypeptides,
said polypeptides being the refolded expressed products
20 of truncated nqn—fusion r56 genes from Orientia
tsutsugamushi in assay equipment selected from the
group consisting of Elisa plates, dot-blot matrices,
and hand held chromatographic and flow through assay
devices.

25



15 b) adm nistering a DNA construct plasmd vector encoding at |east one
of the Kato and Karp pol ypeptides 1in a suitable pharmaceutical carrier to
a subj ectwo2R/0836vacci ne contai ning at | east one reconbi naar/uSonippept i de
whi ch conprises an Am no Acid sequenc® selected 20 fromthe group
consisting of sequence SEQID NO: 1, SEQID NO: 4, SEQID NO: 5 and
conbi nations thereof. 30. A nethod for inducing an i nmune response to
Orientia tsutsuganushi, conprising the steps of: a) adm nistering a DNA
construct plasmd vector 25 encoding at |east one of the Karp, Kato and

G |1iam3W Go/os3oed JoeTAUSewirm 2y i50unec sAEPRRAE FS6O0FdER5éRti des in a
suitable pharmaceutical carrier to a subject; and b) adm nistering at

| east onleswsudmnudip, daRy iaidg Ghe is&RDEe8Ibi nant  r 56 pol ypeptides in a
suitable 5 pharnaceutical carrier to a subject. 31. A process for
produci ng a ﬁ@cdmmnmﬂﬂﬂtqmﬂn@p@pﬂmaeG@WS@NUCEOEbaB@éé VRELPBl | owi ng steps:
a) transformng a plasmd carrying the r56 insert into the expression host
E. coli BL21er®pdind mdwcikegnr ererbinsading. frong éxpressingbis6 with

i sopropyl - bet a- D-t hi ogal act opyranoside (IPTG in the |og phase and
propégat ed i PHsBwmEdiWhceMecaytitr &0 376fbiech; shaki ng; c) expressing the
r56 pol ypeptides.as inclusion bodies 15 (IB) in E. soli BL21; d)

re- suspendlrmphfﬁﬁmmﬂﬂSQQMlMGt§~ﬁﬁmaC@@SﬁWU¢t|Bl&EmldbUEﬁépr(Buffer ﬁo

having a pH of 8.0 and contains 5
encoding at least one of the Kato and Gilliam open

reading frame in a suitable pharmaceutical carrier to a
subject.
10 28. A method for inducing an immune response to Orientia
tsutsugamushi, comprising the steps of:
a) administering a DNA construct plasmid vector
encoding the Gilliam polypeptide in a suitable
pharmaceutical carrier to a subject; and
15 b) administering a DNA construct plasmid vector
encoding at least one of the Kato and Karp polypeptides
in a suitable pharmaceutical carrier to a subject.
29. A vaccine containing at least one recombinant
polypeptide which comprises an Amino Acid sequence selected
20 from the group consisting of sequence SEQ ID NO.: 1, SEQ ID
NO.: 4, SEQ ID NO.: 5 and combinations thereof.
30. A method for inducing an immune response to Orientia
tsutsugamushi, comprising the steps of:
a) administering a DNA construct plasmid vector

25 encoding at least one of the Karp, Kato and Gilliam



mM et hyl ene di am ne tetraacetic acid (EDTA) and 0.1. nM of
phenyl met hyl sul fonyl fluoride (PMSF); 20 e) disrupting the cells by passing
t hem t hr owglo2as3oad cr of | ui di zer 3 tinmes; f) centrifuging treTasb/ 1B ract at
8,000 x g for 30 mnutes g) extractidg the pellets with 2 Mlar urea in
the 25 said buffer of step d.; WO 02/083069 PCT/US02/11379 61 h)
di ssolving the pellets produced in step g in 8 M urea containing 10 to 20
nmM DTT for about 20 mnutes; i) centrifuging the product of step h at
8,000 x g for 5 5 mnutes; j) applying the clear supernatant forned in
step i to sireceRelnmiton TolRAMPISK RIO0M SWsdtablem x 50 cm) -tandem
TSK P4000 SW(21.5 mm x 100 cnmjcolum equilibrated with 8 Murea and 1 nM
DTT in 20 mMV RlteqraceHdicaharBighufd e¢ Bbllectposiidng and | oadi ng peak
fractions containing the r56 polypeptide onto the non-exchange DEAE col um
(21.5 nm x 30bkmydudnigtaring tate Ieasid ars6 ofotied Kewpst &esoniatldl a | i near
15 gradient of Nacl fromzero to 0.4 Min the said buffer B for about 30
to 60 mi nut esGatlian |waequiinangf Haigaliveereidep dof o duwigatlde r56 in the
said buffer B by three sequential dialysis with 6 Murea, 4 murea and 2 M
20 of5 urea, rekgparrdawicdln eainiduftfern Aulliess;
31. A process for producing a recombinant polypeptide which
comprises the following steps:
a) transforming a plasmid carrying the r56 insert into
the expression host E. coli BL21;
10 b) inducing recombinant E. coli expressing r56 with
isopropyl-beta-D-thiogalactopyranoside (IPTG) in
the log phase and propagated in LB medium overnight
at 37°C with shaking;
c) expressing the r56 polypeptides as inclusion bodies
15 (IB) in E. coli BL21;
d) re-suspending the cell pellets in a 20 mM Tris-HCl
buffer (Buffer A) having a pH of 8.0 and contains 5
mM ethylene diamine tetraacetic acid (EDTA) and 0.1
mM of phenylmethylsulfonyl fluoride (PMSF);
20 e) disrupting the cells by passing them through a
microfluidizer 3 times;
f) centrifuging the cell extract at 8,000 x g for 30
minutes

g) extracting the pellets with 2 Molar urea in the

25 gsaid buffer of step d.;



n) conbi ning and di al yzing the peak fractions of the r56 against 8 vol unes
of 6 Murea in said buffer A for 30 mnutes at 4C foll owed by 2 changes of
the di alwyeiog/osmbuti on and di al yzing the product for 60 2&TmSeis3gy WO
02/ 083069 PCT/ US02/11379 62 o) dialy#ding the product of step n with 4 M
urea, containing 0.3 mcro Mof the oxidized formof glutathione followed
by dialyzing with 2 Murea in buffer A, 5 p) dialyzing the product of step
0 against said buffer A wth 2 initial changes of buffer, for 30
mnutes; q) dialyzing the product of step p overnight at 4C and 10 r)
separating the ptiozhetviels dthep melldts Ancsiterdi Aanstppl gpept Bd¥ prepared in
accordance with Caim 31 which conprises the Amno Acid selected fromthe
group consi sti ngrofa sEqiencel IBEQ QA DANQO M DSEQEPD Rorut420and SEQ | D NO. :
5. 15 33. The reconbi nant pol ypeptide of Caim 32 which conprises the
Am no Acid sequemositSEQ | D NO. @ 1.
i) centrifuging the product of step h at 8,000 x g for
5 5 minutes;
j) applying the clear supernatant formed in step i to
size-exclusion columns TSK P3000 SW (21.5 mm x 50
cm) -tandem TSK P4000 SW (21.5 mm x 100 cm)column
* equilibrated with 8 M urea and 1 mM DTT in 20 mM
10 Tris-HC1l, pH 7.8 (buffer B)
k) pooling and loading peak fractions containing the
r56 polypeptide onto the non-exchange DEAE column
(21.5 mm x 30 cm)
1) eluting the bound r56 formed in steps with a linear
15 gradient of Nacl from zero to 0.4 M in the said
buffer B for about 30 to 60 minutes at a flow rate
of 5 ml/minute;
m) refolding the r56 in the said buffer B by three
sequential dialysis with 6 M urea, 4 m urea and 2 M
20 of urea, respectively in said buffer A alone;
n) combining and dialyzing the peak fractions of the
r56 against 8 volumes of 6 M urea in said buffer A
for 30 minutes at 4°C followed by 2 changes of the

dialysis solution and dialyzing the product for 60

25 minutes;



15

WO 02/083069 PCT/US02/11379
62

o) dialyzing the product of step n with 4 M urea,
containing 0.3 micro M of the oxidized form of
glutathione followed by dialyzing with 2 M urea in
buffer A; |

p) dialyzing the product of step o against said buffer
A, with 2 initial changes of buffer, for 30
minutes;

q) dialyzing the product of step p overnight at 4°C
and

r) separating the product of step g.

32. A recombinant polypeptide prepared in accordance with
Claim 31 which comprises the Amino Acid selected from the
group consistiﬁé of sequence SEQ ID NO.: 1, SEQ ID NO.: 4
and SEQ ID NO.: 5.

33. The recombinant polypeptide of Claim 32 which comprises

the Amino Acid sequence SEQ ID NO.: 1.



