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(57) Abstract: A recombinant, refolded non-fusion
polypeptide expressed from a truncated 156 gene
of the camsative agent of scrub typhus, Orienta
tsutsugamushi or the karp, kato and Gilliam straing
has been produced. The invention is useful for
detecting prior exposure to scrub typhus, screening
for andfor identification of at least one infectious
strain similarity (ie. a Karp-like, Kato-like or
Gilliam-like strain) based on its strength of reaction
toward a truncated protein and as a component in
vaccine formulations and production of immune
globulins for passive prophylaxis and immunity in
subjects.
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Stone Mountain, Georgia, respectively, and citizens of the
United States of America have invented certain new and
useful improvements in

10
TRUNCATED RECOMBINANT MAJOR OUTER MEMBRANE PROTEIN ANTIGEN

{R56) OF ORIENTIA TSUTSUGAMUSHI STRAINS KARP, XKATO and
GILETAM AND ITS USE IN ANTIBODY BASED DETECTION ASSAYS AND
VACCINES
15
SPECIFICATION

- Crosgs-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 undex 35USC 119 (e) based on the £iling 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
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t he | nverttiientSonme of the nost dreadful pandemcs in the history of

mankind result fromthe rapid spread of infectious diseases caused by

vi rul ent pat Abgeai s ceyaavsdsncsTiidets Ueseasicedicst atesmargiodt en

acconpani ed by other opportunistic infections (viral, protozoal, bacterial
or par agimoghand/ tdre TRONGATED IRECOVBENAND 1A OR1 CLIFER IVENBRANE PROTEI N
ANTI GEN (R56) OF ORI ENTI A TSUTSUGAMUBHI STRAI NS KARP, KATO and G LLI AM AND
| TS BISE coNnhNTE8CHY HBASFE- BETECTI ON ASSAYS AND  VACCI NES

Today, the rates of reported cases of diseases are
increasing in exponential proportions and clinical
treatments currently available represent only wmarginal
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 ocutlock 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 wvirulent pathogenic organismsg 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, aﬁd mixtures thereof and

{3} identify effective wvaccines, preventive
(prophylactic) and therapeutic treatments for patients,
including humans. 1In response to the need to alleviate

25 suffering and provide comfort to human life, the scientific



1 31 Cctober 2005 WO 02/ 083069 PCT/ U502/ 11379 2 di seases due to the
conprom sed i nmmune system of infected patients. There is new evidence that
new epi demics are emerging throughout the industriali2édPctebperop?hy and
transitional 5 countries of the world. Today, the rates of reported cases

of di seas®g o@bsBosel NCreasi ng i n exponential proportionsp@Psshisi cal
treatnents currently available represent only margi nal |1nprovenents in the

managenent of health care in this area. 10 The rapid increase in the nunber
of infectious diseases ranges frompalarmng to out of control. Unless
inproved treatnents are found the future outlook for the state of the
world's health is dismal. The scientific community throughout the world is
m ndf ul efuiuEaty org-geAnchiagdiepreifsceivedidans wmaysnhibitl fheubst antial |y
reduce, elimnate, neutralize and/or Kkill virulent pathogenic organisns or
agents, 99vEhhREbraPiHy proliferaitingnabroyesdi deympdprn catlildg  abnor nal
(infected or altered) cells caused by pathogenic 20 organisns, or agents
such as S4ASCUbY Pridiegard.c Pﬁmﬂs%ms\/éfhgmn 9 gruprRiYRSEEI2and ni xt ures
thereof and (3) identify effective vaccines, preventjve ggr ophyl acti c)
and t her&iFduercOt riestivigeauebi Pareernd/ or jifccoaPABRRRMAEEN n response to

the need to alleviate 25 suffering and provide confort to human life, the
sci enti fPd®¥S31 Qctober 2005 WO 02/ 083069 PCT/ US02/ 11379

.Scrub typhus, also referred to as chigger-borne
rickettsiosig, mite-borne typhus, Japanese river fever,
tropical or rural typhus or tsutsugamushi disease is 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) is particularly high in

20 South-East Asia, Korea, Ruseia, 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



3 community is searching for effective neans to inhibit the growth of
rapidly proliferating abnormal manmalian cells caused by pathogenic
organi sms within the genus Rickettsia, such as O tsuBdugahobhr aPBhe
and/or in conbination with 5 others. :Scrub typhus, also referred to as

chi gger - b@l’d‘]ﬁms?,ﬁ?nget tsiosis, mte-borne typhus, JapangsgpéhNEhe fever,
tropical or rural typhus or tsutsuganushi disease is an acute, febrile

di sease caused by infection with Oientia 10 (fornerly Ri ckettsia)

t sutsugamushi. It accounts for up tp 23%of all febrile episodes in
endem c areas of the Asia- Pacific region (5). The disease is characterized
by a rise in body tenperature, skin rash and severe headaches. This

di sease tiy safiieaty tdiender vouse:s tskemit o tifzedki ohcmmdb ayani f est ati ons such
as delirium stupor and nuscle fibrillation. The death rate varies froml
to 60% depdndiing caitliehergéagtaply tahatiegithrsdiSessd dapliag, transmitted to
mammal s (i ncl udi ng humans and cattle) through the bite of tiny trobiculid
mtes (artdardpodsire rpasinictedirirpmhiid mite?2@oSohé hirbesttchsaize Kor ea,
Russia, Australia, China, Japan and India. The incidence of disease has

i ncr easewbstn (sohpectdounsrikestghnisngnféet ivast ageveswdl edosnd6n The
causative organismis transmtted to human through the bite of tiny

t r obiscul pabpiiet esgaddte ior ganisiisiesr hibumd ng? Shehr tmaghoantenhdy ni te' s body,
but the highest nunber occurs in 3 31 Cctober 2005 WO 021083069

PCT/ US02ir F3n9adt twidhs af ke aiyLefitaddbabiteds tlieany t svdriedrabn mamal s,

host-carrier of these anthropods. These hosts may include
somesticated, non-domesticated or farm animals, such as
cattle or rodents. These hosts may be carrying mites which
10 have not begqun to feed on them. In this case, when the host
is cattle, the live mites can be transferred from cattle to
people. Individuals ﬁarticularly 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
animalg. 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 0. 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 & 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



including cattle, rodents or humans, the di sease causing organisns are
transmtted fromthe mte to the invertebrate host (subject). Srub typhus
infections are usually found in 5 people engaged in acBtvPeteberhafObring
theminadvertently in contact with mte-infested habitats or any

i nvertebrgbgrfledt -carrier of these anthropods. These p@sisABYs | ncl ude
sonesticated, non-donesticated or farmanimals, such as cattle or rodents.
These hosts may be carrying mtes which 10 have not begun to feed on them
In this case, when the host 1is cattle, the live mtes can be transferred
fromcattle to people. Individuals particularly susceptiable include

but chers, neatworkers, aninmal-farmworkers and others engaged in outdoor
acti vit i @3CUIFhede apdi-sens wesull pe B dipeased Wy feowm PrEI¥EYcont act with
these mte-carrying animls. Additionally, rodents are capable of carrying
and sprebERHE i FUEE: 88 PAdtesied praypicRien peprRiEléliareds. Only larval
Leptotronmbidium mtes feed on vertebrate hosts. The |arval mtes acquire
0. tsutstbErlAITOudRiiwe + I50dealmICyERentt ThivsuayEe B t5&t hogen
reception-is called "transovarial transm ssion.” Once transnitted to the
host, th&brfafitntrREBBHEE Of tPEREICTI0 PSR g4)ese FriGi%S to 8 days
after infectJj[F%E, a dull read rash m aRBef%dgll over .the bqdy, especially
on 25 t hE 3R CSND PREY | RSPPHENGERG &S "PELB 08 "BEatRITREF 4 31 Cct ober
2005 WD 02/Q083069. PCT/USQ2/ 11379 5 gccurs_as a di.tect result of the
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dancing with death.

Field of the Invention

10 This invention relates to detecting exposure to and
identification of microorganisms by the use of
sercdiagnostic assays, and wmore specifically to detecting
exposure Lo and'identiﬁication 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 layver (1) and the ultrastructure of its

cell wall differs significantly from those of its closest



5 statistics, many people around the world do not understand or believe
how deadl y scrub typhus can be until it is too late. Unfortunately, too
many people are unwittingly dancing with death. Fiel d3&f OckebravéRPPon 10
This invention relates to detecting exposure to and identification of

m Croor gagh g3y the use of serodiagnostic assays, ap@rpREeasPeci fically
to detecting exposure to and identification toward a truncated protein of

at least one strain of Qientia tsutsuganushi based on its 15 strength in
reactivity. Additionally, this inveption related to the production of

vacci nes, passive prophylactic or therapeutic agents and detection or
identification reagents. The products produced in accordance with this
invention may be conbined with other pharnmaceutically-accept bIe bi oacti ve

20 substEHEEdvePesths &Ypé‘ﬁsoﬁnﬁr?mttﬁldt f%’&‘?ﬁ@?%‘@hﬁgei%e%éﬁsé by O

t sut suganushi , g£€§ qﬁg iﬁ%bacter m n cogtrast tf oth r gram
negatlvegeffl%s‘t cjé S ShH HFag het Thér ebgp%ﬁl “€4cCharide 25 nor
a pept'daglt{ﬁ&gr%ga@ nd Bg HQ Lhe Jraﬂlterégtfcﬂ&t oece% %cﬁe" wal | differs

si gni ficant ose o Its closest 5 31 Cctober 05 WD 02/ 083069
PCT/USOZédéB%EQSGféE|fﬁJI@%Softh@stﬁﬁﬂaqspﬁﬂde§@OMkﬁd2§EveerBHDUD species in

the genus Rickettsia (33). The major surface protein antigen of 0.
t sut sugargshispesi fie neacicdbhel Sénkidediest e romidmct aaceaunts.thor 10- - 15% of
its total protein (16, 28). Mst 5 type-specific nonoclonal antibodies to
Oi ent i ahgmdegues t the 56 kbDa protein (16, 24, 42). Sera from
most patients with scrub typhus recognize this protein,
suggesting that it is a good candidate for use as a
diagnostic antigen (28).
10 Diagnosig of scrub typhus is generally based on the
clinical presentation and the history of a patient.
However, differentiating scrub typhus from cther acute
tropical febrile illnesses such as leptogpirosis, murine
typhus, malaria, dengue fever, and viral hemorrhagic fevexrs
15 can be difficult because of the similarities in signs and
" gymptoms. Highly sensitive polymerase chain reaction (PCR)
methods have made it possible to detect O. 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 kba protein gene hag 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 regiong 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.



honol ogues of the 56 kDa protein (16, 24, 42). Sera from nost patients
with scrub typhus recogni ze this protein, suggesting that it is a good
candidate for use as a diagnostic antigen (28). 10 D dgn@stsbef 2@0ub
typhus is generally based on the <clinical presentation and the history of

a patientyg odigyyer, differentiating scrub typhus fromethgs a5ute
tropical febrile illnesses such as |eptospirosis, nurine typhus, malaria,

dengue fever, and viral henorrhagic fevers 15 can be difficult because of
the simlarities in signs and synpjons. Highly sensitive pol ynerase chain
reaction (PCR) nethods have nade it possible to detect 0. tsutsugarnush

at the onset of illness when antibody titers are not high enough to be
detected (14, 19, 36). PCR anplification of 20 the 56 kDa protein gene has
been de Rht B AFBOEE 16 o 53yISe SHFR GO SHRC IR FRRE for scrub typhus (14,

18). Furthernore,. diff enotypes, associated with different Oientia
sgrotypégk%%ﬁpar?ﬁfé%ﬁgngﬁ?PtdgﬁglSﬁglgg?éugFre5 riable regions of this gene
wi t hout ﬂnﬁ&h@%iﬁ&éﬁceﬁ@eagé'I%tﬂ?rt'l%m (34 nitloidBundPruciBscehiOVeVer, gene
anplification requires sophisticated instrumentation and reagents

gener al laxntigbdavarimbkests roati relkdl pRsHaeakibacht itifetisbadl October
2005 WO 02/ 083069 PCT/ US02/ 11379 7 Current serodi agnostic assays such as

t he Bndiimednfectedinaiar excease efibrPpniest cdmdkeheegamiarect
i mmunof | uor escent anti body (I PA) or m croi munof| uorescent antibody (MF)
tests r@@itbéothe fnegpaght i onltofresi dketd®i 88.543h- i nfected yol k sacs of

enbryonated chicken eggs or., antibiotic free ¢ell cultures (4, 20, 30, 43).
. At the present time the only commercially available

dot-blot immunoclogic assay kits (Dip-8-Ticks) requires
tissue culture grown, Renografin density gradient purifiedp

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

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

20 scale growth and purification ¢f the scrub typhus
rickettsize are prohibitively expensive.

Recently, a recombinant 56 kDa proﬁein 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 bas certain inherent




At the present tine the only commercially available dot-blot inmunologic
assay kits (Dip-S-Ticks) requires tissue culture grown, Renografin density
gradient purified, 10 whole cell antigen (41). Only a ﬁémp§ﬁégﬁélﬁﬁéa

| aboratories have the ability to culture and purify O tsutsugarnushi |
since thiwohgtisbdees biosafety level 3 (BL3) facilitiepoppdR{8stices. The
availability of reconbinant rickettsial protein antigens which can be

produced and 15 purified in |large amounts and have simlar sensitivity and
specificity to rickettsia-derived agtigens would greatly reduce the cost,
transport, and reproducibility problens presently associated with

diagnostic tests which require the growth and purification of rickettsiae.

Further Iar 20 scal e gromﬂh and gurlflcatlon oé the scrub typhus
(i ckot t SUHEAUPECAREH| BF (3 SRy EEE Ty 1503 BEME nant 56 kDa

protein %fqﬂ% Boryong strain fused mﬁth mal t ose blndlng protein was shown
to be Fabre for di agnosi s of scrub typhus in a enzyne-linked 25

i mmunosor bent assay (ELI ShvvaRd Rassiyentegragl utination test (21, 22). g
Al t hough this protein overcomes Sone of the above-described di sadvant ages,

it still hasageskainglpheredbide3bfOehobel n?dih on\D:021083069

PCT/ US02/ 11379 8 di sadvantages as an assay reagent because it is a fusion
pr ot € n. rSUVMMRY N OFDNAHEdIVENTE Gid Azpoedied|polypepbbiect of this invention
is a 5 reconbi nant DNA construct and expressed pol ypepti de possessing |
i MunogRASESEEGNS N EIO%eRd CKEpPLonBaf oY aflee Kaqﬂalﬁﬁggtﬁﬁﬂ ns of O.

tSUtSUQ%gHilam.stralns of 0. tsutsugamushi.

Another object of the invention, as described herein,

is a recombinant polypeptide encoding a portion of the 56

10 kDa protein of 0. tsutsugamushi encéded by aﬁino 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 ﬁoiety.

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 c¢linical 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 rrom the

following detailed description of preferred embodimeﬁts.



Anot her obj ect 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 am no acids 80 to 456 for Karp strain SEQ Bb feotober 840453 for
Kato strain SEQ ID No.: 4 and 81-448 for Glliamstrain SEQID NO: 5. A
still fur ect of the invention is a reconbina d 56 kDa
pol ypept iﬁg%\%\ll(r]n Euﬁ is re-folded 15 to give a soluble %?%@%;)%%aﬁaddl tional
object of this invention is the use of at |east one reconbi nant

pol ypeptide in antibody based assayg for inproved nethods for the
detection of O tsustuganushi exposure and/or identification of at |east
one of its Karp, 20 Kato or Glliamstrains in research and in clinical
sanpl es. Yet another object of the invention is the expression of

truncated r56 pol ype,B_RIE%sDEiSﬁfR@PTI@ﬂé?ﬂ THESPRMENEF ounds of bacteri al

strains for use in different_ vaccine_ fornulati ons aglgl nst scrub typhus
i nfection. 25PFhéRERH@ ohet Qﬁ)]%ﬂ‘@”%‘ﬁ%‘ﬁ%@? attt R RAEFEEHEE of t he

present ntlon are descrj bed .i,n or are rent fromthe. follow ng
et o 1 od U Pt iy (B bhed dkenbo il B8 et TR, 005 Vo

02/ 083069, PETHUS034) 1319 9 AR R DESERL B CN-EE Tof DRAMNGS, The | nvent | on

wll be further described w reference to the aw ngs, in which |ike
el emant sifhasehbeentdeFagades tiW Qlighouhndyid ke hefetenge nenerals. The

representation 5 in each of the figures is diagranmatic and no attenpt is
nmade t o mattd ¢cat éndictara astaib%mleﬁr oti seaiael ostiodr oporti onal

relationships are shown as approxi mations. Figure 1 shows the strat egy for
cl oni ng Basportional relationships are shown as approximations. ) R

Figure 1 chows the strategy for cloning and

10 construction of pWM1 that expresses the truncated
recombinant 56 kDa protein antigen from O. tsutsugamushi

Karp strain. 'ifﬁi“

Figure 2 shows the HPLC ion exchange profile for the

15 purification of r56. The ingert 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 2 shows the circular dichroism spectrum of

refolded r56.

Figure 4 shows a comparison of ELISA IgG reactivity of
r56 and 0. tsutsugamushi Karp strain whole cell lysate with

25 rabbit antisera ({(see Table 1).




protein antigen from O tsutsuganushi Karp strain. Figure 2 shows the HPLC
i on exchange profile for the 15 purification of r56. FheCrfiseer 3AB%s the
Coomassi e blue staining (A) and Western bl ot analysis (B) of the two peak

fracti onsygtyydaedel €ft 1 ane) and 27 min (right |ane) W&DUS&S/?I&%@ n nost of

the r56. 20 Figure 3 shows the circular dichroismspectrum of refolded r56.
Figure 4 shows a conparison of ELISA IgGreactivity of r56 and O

t sut suganushi Karp strain whole celidg | ysate with 25 rabbit antisera (see
Table 1). 9 31 Cctober 2005 WO 02/ 083069 PCT/ US02/ 11379 10 Figure 5 shows a
scattergramof 19gG ELISA reactivity of 128 Thai patient sera obtained with

folded r56 and the correspondiRr}? TIP tegt Icrglg_G titers. 5 Fi gur 6 shows a
scatt er gr am g IgR ELTRSNS 8aEFRHILPTEM O IHTHREL 5P a1 eE¥ a®bbt ai ned wi th
folded r the,_ .correspondi hg Tl P.test - LL e jgure 7 shows the
tinme cou?ﬁsssealg%ll 8@/]:33%% Isé%glgg#aé%%: di \Vﬁ%@ %?l%own%:sénée%d céaﬂsegs of scrub typhus

by ELI SActdipcnfh H80r1P6 38 B4M 1198R,sDETAI LED DESCRI PTI ON There is a,
critical needfor rapid assays for the determ nation of exposure to

Orientia tsutsuganushi, the 15 causative agent of scrub typhus. Currently
avai |l abl e assays require bacterial antigen which nust be purified by
5 Figure 6 shows a scattergram of IgM ELISA reactivity of
128 Thai patient sera obtained with folded r56 and the

corresponding IIP test IgM titers.

Figure 7 ghows 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 vaccines.
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extrenely |abor intensive nethods after first propagatin
speci alized | aboratories (BSL-3). Furthernore, there is
ef fi caci ous vaccine for. 20 scrub typhus. Reconbi nant By
antigens of 0. tsutsuganushi and recogni zed by specific

g the organismin
currently no
prodheed2pPbt ei n
ant i bodi es woul d

greatly fagighhdsfde® the practical use of anti-scrub typﬁfﬁv&ﬁﬁﬁ%ys since the
ally,

protein can be produced nore economcally. 25 Addition
pol ypepti des can be used in sub- unit vaccines. f 10 31
02/ 083069 PCT/ US02/11379 11 In accofdance with the pract
invention, a reconbinant, refolded non-fusion polypepti
a truncated r56 gene of the causative agent of scrub typ
t sut suganushij for the Kar

, Kato and G I1Ii trains 5,
The inventi onhil S PCFO\Bl%t%‘@t PFRFE 8%%51)%53&}‘@“3:6
screenin or i Lficati f o) i_nf
strai nl- s?‘%t’%‘?ﬁ%{ t'( e ggfg&lll(aéc%:ﬁlgg?g IPQ?L&PF?EJZ%IE oérl%éelgf
based on kisnsddLngtl gbns e@@"ﬂh@“c&%i@eaa?éﬂﬂcﬁ ed b
conponent in vaccine fornulations and produc

r econbi nant
Cct ober 2005 WO
ice of this
de expressed from
hus, Oienta
has been produced.
“Q¢rfub typhus,

ti
?gé?ﬁﬁie strain)
otfiHusand 10 as a

ion of inmune globulins for

passi ve praphyd abdutsagamupRiinidyy the K& @ats. addezing ikkastpriokei n of 0.

t sut suganushi is extrenely abundant in the bacteria and
i mmunbgemig. bedint powghceds ttie useenfioredenbbaint 5& kKbae
t sut suganushi has been reported, it was produced as a fu
creat es RThYRBBPSMIENREr 8ffulityREVantesFesnipa cleriang/ or

is highly
ptiotein fromO.
si on peptide which

identification of at least one infectious strain-similarity

{i.e. a Karp-like, Kato-like, or Gilliam-like strain
on its strength of reaction toward a truncated prote

10 as a ;omponent in vaccine formulations and productio
immune globulins for passive prophylaxis and immunit
subjects.

The 56 kDa protein of O. tsutsugamushi is extre

abundant in the bacteria and is highly immunogenic.

) based
in and
n of

y in

mely
Although

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

hags been reported, it was produced as a fusion pepti

de which

creates a number of inherent disadvantages, including

reduced immunogenicity due to improper folding of the

bacteria polypeptide. To overcome these problems a
20 fusion, recombinant polypeptide from 56 kDa protein
produced using the following alternative procedures

designated herein as PROCEDURES I and II to express

non-

was

and

purify r56 from the Karp, Katec and/or Gilliam strains.

Furthermore, as illustrated herein for the production of SEQ

- 25 ID No. 1,in order to ensure proper folding of the

polypeptide after translation, and therefore enhanced immune

recognition, a truncated recombinant 56 kDa gene was created

11



reduced i nmunogenicity due to inproper folding of the bacteria

pol ypeptide. To overcone these problens a non 20 fusion, reconbi nant

pol ypeptide from56 kDa protein was produced using thelf@Eteeng2005
alternative procedures designated herein as PROCEDURES | and Il to express
and puri romthe Karp, Kato and/or G IIliam strgi Euw t her nore,
as iIIustvig'?% §(ﬁgrei n for the production of SEQ 25 ID%O@,ZIPR&%rder to
ensure proper folding of the polypeptide after translation, and therefore
enhanced i mmune recognition, a trumcated reconbi nant 56 kDa gene was
created 11 31 October 2005 WO 021083069 PCT/US02/11379 12 wth the
truncation created at specific points (Seq ID No. 1). The truncated 56 kDa

gene is E}kﬁn Xpressed ,usi ng ef ficient expression gﬁstems. Thi s truncat ed,
r econbi i tE‘SI Vhaptatden steHas GSe SRECHMT FOA™FA &9 WddYChased assays 5

and to ilr)du%ea[_] [ ne ggs]@%\seen%ggisn?ﬁe cg)#)lg__el;sgggu&siﬁr e specification
general I'y ‘uses fe arp s raih Tor Tl Fustrative pur pos only, as the

fol | owi ng /4%aeRt eSARRY ont & QIS SThak NSHAfcaCehS Uksugaialt, 1 ncl uding
the Kato and G lliamstrains. 10 Exanple 1 O oning And Expression O
Reconbi malypebr ke L rBenASss MAritAgEh il Gant.ibadpr baedd pakhy£56F( 226/ 261),
5' - TTGGCTGCACATATGACAATCGCTCCAGGAT TTAGA-3' (Seq. ID No. 2) and

56R( 2409nt368) induccCHNT CTAGKAGEADAASETANCEEBGATECL 15y pAABGACCRBECTATATTGA- 3
(Seq. ID No. 3) was designed using the nucleotide sequence of the open

r eadi ng SPEgFELERFiaTh geRrarpl 15 6196Ba theokalri 3@ fPe respective restriction

sites far e |,and Bag | are underljne nd .the new._nitiation codon
glluggrative purpgses only, as the Ekfiowing examples appiy

to other strains of O.tsutsugamushi, including the Xato and
Gilliam strains.
i0 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’ (Seqg. ID No. 2} and
56R(1409/1363), 5'-CTTTCTAGAAGTATAAGCTAACCCGGATCC

15 AACACCAGCCTATATTGA-3' (Seg. ID No. 3) was designed using the
nuclieotide sequence of the open reading frame for the Xarp
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




and reverse conplement of the new stop codon are shown in 20 bold and
italic, respectively. The forward primer 56F(226/261) _contained the
met hi onine initiation codon, at residue 80, which is parPcbpPPeReZf@e |
recognition sequence. The reverse prinmer 56R(1409/1363) created an

al t er ati opo@tos3ésde tyrosi ne codon at residue 457 to a pé¢Poseegen and 25
contained a BanH | site. The coding sequence fromamno acid 80 to 456 was
anplified by polynmerase chain reaction (PCR), using the above priners,
fromDNA isolated from 12 31 Cctobgrg 2005 WO 021083069 PCT/ US02/ 11379 13
pl agque-purified 0, tsutsuganushi Karp strain grown in irradiated L929
cells (18). The truncated 56 kDa gene was anplified in a mxture. of 400

nmM each qf deoxynucl eotide triphosphate, | nM of each prinmer, 1.5 U of Taq
b0l yimor FIBTHE PR K T Crre U IR oRD ST AR ITHAIT & pH B.3. 1.5 M
C12, . eact r Wt 5 ec at 800C, 4
nl\{ign at 3%g3593g%é %%%\%gglg% Cy%bggﬁ:%@%‘%@% g?%ﬁﬂl n%, w%%oc for 2 mn
and 720Guf9k £ 2edl #h ol RExLASE oCYBbenMasa@xXIgNded:dRic1edFiReat 72' C. The

anplified 10 fragment (1.18 kb) was digested with Me | (BioLab, MA) and
BaMH | (thdiprodsicduw| agym &P)ezthdpligat edi i thodotdd ooldimgested expressi on
vector. Any plasmd or viral expression system can be uped as |ong as

pol ypept(Peekin-Bhommssad. 1THe mir 8fbs+rHCl dxyifessipth S\yst énbi®Mt he pl asni d
system %Ele'La 15 (Novagen, sz( F]ia\(gpgre 1) to yield the expression system
PWML. 1R a@ POsHf G -HBTOS 19484 PBr M ShieEReehelth gdt i on  nixture

and col onleg, Sei-ReNgA 0% U981 Sl E01 1054 kMo 814f81 Qybentation.
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 (BicLab, MA) and
Bamd I (Life Technology, MD) and ligated with doubly
digested expression vector. Any plasmid or viral expression
system can be uged as long as polypeptide is expressed. The
preferred expression system is the plasmid system pETlla
15 (Movagen, WI} (Figure 1) to vield the expression system pWMIL.
The E. coli strain HB10l 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 fréme 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 agueous

solutions and simplification of handling.
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Expressed r56 is constructed such that the N-termnal 20 79 residues or
the CGtermnal 77 residues of the intact 56 kDa protein, as deduced from
the open reading frame of its encoding gene, is not pBés@ntobBot A0PBgi ons
del eted were predicted to be relatively hydrophobic and be responsi bl e

for assoqub%@?g ith the rickettsial outer nenbrane. ﬁé,@%@gg@%jon of these

termni faci e the refolding of the expressed po € and favors
its solubility in aqueous solutions and sinplification of handling. 13 31
Oct ober 2005 WO 02/ 083069 PCT/ US02/ 11379 14 Purification O The 56 kDa
Protein. Plasm ds carrying the i nseft of the truncated and anplified 56
kDa gene are transforned into the expression host E soli BL21. The
optimumtine and | PTG concentration 5 for r56 expression is determ ned.
Reconbi nBatif catdoh OfXFHee$S hDarBfotaie. gr own overnight at 37C with
shaking. Cell pellets from100 m cultures are resuspended in 3 m of

buf fer A (20 HRETiEs-¢CEyipn Bhe)insesht af fibey tsupvpEsY AAghd 1 nM PMVSF.

U trasonic d%fr ption of the cell is perﬂgnned 10 with coaqling on ice.

Di srupt e Rk} méxmaa iFENEATR | FLAFEFOTRRY & 1000 TREgEFRFEIHGORi n. The pel | ets

are vort dito a.. geneous _suspensi on W Murea .in. buffer A placed
on a shlg%gtr Eta't C?%%%r%"fpe SEuPR" "gulm gfﬁm%cféllc{ irig%gl Cﬁ%c?ﬁti{atlg%nt rifuged for
5 m s atedd Q0L pmd AN 1EPREALQNinekd CEIMdfiuag: (BDAgL ,5415) . The entire

process is then repeated with 4 Murea in buffer A Finally the pellets are

di ssol veskpresdiMy WeA dxiz bubieroverdngnhappl izgdcorich ama?h§. i on exchange
(DEAF) colum (Waters, 0.75 cmx 7.5 cm for
Cell pellets from 100 ml cultures are resuspended in 3 ml of

buffer A (20 wM 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 additionmal 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 ¢ (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
wag detected by dot-blot immunoassay. Positive fractions

with significant amounts of protein, presumably containing

14



fractionation. Proteins are eluted wwth a linear gradient 20 of buffer B
and buffer C (6 Murea and 2 MNaCl in buffer A A from0.0 to 0.4 M NadC
over 30 min at a flowrate of 0.5 m/mn. Fractions adéd Ectbberedl05
typically at one mn-per fraction. For a typical run, approximtely 200 |
of extragly @hisaéonedfroma total of 10 m culture is | gaggeAp79nto the
colum (Figure 2). The presence of r56 in fractions was detected by
dot - bl ot i mMmunoassay. Positive fractions wth significant anounts of
protein, presumably containing 14 3k October 2005 WO 02/ 083069
PCT/ US02/ 11379 15 expressions of the truncated and anplified 56 kDa gene,
are also analyzed by SDS- PAGB and Western blotti ng Testin for Pol ypeptide
noass ted fromHPLC are

5;?2252&%? ] %%lg';be”‘%gva%arb%d &&Er%ﬁé%fﬂﬂs e B3 Yafe of each
eluted fyact) rﬁ(yi%,;z q%%LgD% dph, Oan%o@aegt% lkr]%/&q:gk?an applied to a well o

a 96-wel | dot chl el c and ter drying under vacuum

for 5 m’fbsttl% rfb&rp@g}[é#&aé EAREY-A08 by Miosked Wuhih®Rdaonfat mlk for
30 m n, en incubated W nonocl onal ant i body Kpb6c specific for Karp
56 kDa pr ot eifiraant.ogencdi2a3rtédrirne HPLC ses hedeénbidnesr widsh  phosphat e
buffer saline (PBS) 5 mn each tinme, and incubated wth

per 08 daxd yeemtidat ey dpfablahtdsamusedl Gy HeampleBpd-cRdd ellabedat ori es) for
30 min. After, washing with PBS 5 15 tines for 5 mn,_substrate sol ution
cont ai ni HFES-1sn1 15 8 PEegs 19k 308 ki ags‘éa’é&f}b%fdaﬁﬁpl’r%wgén per oxi de

2dded o RE i 07 SRE PRRES o gL 1L Ay Rt ) Haeratortes) i

After drying under vacuum for 5 min, the nitrocellulose
membrane is blocked with 5% nonfat milk for 30 min, then

18 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 win 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

15



reaction is stopped after 2 mn by washing the nenbrane in 20 distilled
wat er. The above-descri bed test can be incorporated into any dot-bl ot,
spot or dipstick type test structure. These structureslaPetekesngffely
described in the prior art. Confirmation of Polypeptide Identity. 25

Conf i r mat o edsedene identity of the polypeptide is cog@fggggg,gmpy amno acid
sequence anal ysis of SDS-PAGB 15 31 Cctober 2005 WO 02/ 083069

PCT/ US02/ 11379 16 purified, CNBr cleaved fragnents of the peak fractions
(7). The sequences are identical tig that deduced from nucl eoti de.

Ref ol ding of r56. HPLC fractions, in GMurea, containing peak r56 5

pol ypepti de are pool ed and sequentially dialyzed against 4 M urea and 2 M

urea in puffer A fi.nal | ith buffer ,A onlLy. .The final _dialysis is
agai nst %%?T%re 97 WTh T4V n%?gérlen Raf etsheofpeﬁﬁf F’é?&‘]ﬁn%&ﬁi n each; and
finally i t..4C.. Ny ro Yad drs) pol ypepti de
remai ns so S%I@gg?{:]e uﬁégerldkﬁ\%l%aﬁl %8 Egée% d ﬁigggnf?b%ﬁrﬁ%%{ég’ﬁ%% chroi sm (CD)
Spect r unpefo1B8g dhersd rcul ar di chroi smspectrum of refol ded r56 was
measured on a JASCO fiodel 715 in Dr. Ettore Apella=s 15 | aboratory in N H,
Bet hesda, MNDHPDat frawiengnakiyzed diyalPrcontatmtihgzaeak .xsksonev, Henry Jackson

Foundation, Rockville, MD, at a protein concentration of 117 pg/m in 20
mM T i sMarpephide (azmdorhed cand wegnedt ¥l lec dial yoed gimaioft 409903 dal t on.

urea and 2 M urea in buffer A and finally with buffer A

only. The final dialysis is against buffer A with two
initial changes of buffer for 30 min each, and finally
overnight at 4°C. r56 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 rS56 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 Jackscn Foundation, Rockville,
MD, at a protein concentration ¢f 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% B-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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20 The CD spectrum of the refol ded pol ypeptide shows that the secondary
structure is approximately 38% a-helical, 13%is sheet and 50% random coi
(15) (figure 3). This experinental data is sinlar to BhaPcprbdirc2edsby
correctly folded, truncated 56 kDa protein, based on am no acid 25
sequence wHesdipe! ei ¢ acid sequence (34). Exanple 2 lﬁcﬁﬁ%ggh%per 2005 WO
02/ 083069 PCT/ US02/ 11379 17 Use of r56 Pol ypeptide in An ody Based
Identification Assays.. ELISA Assay Method The microtiter plates are
coated with antigens diluted 5 in PBS overnight at 4C and bl ocked with
0.5% boil ed casein for | hr, rinsed with PBS twice, 5 mn each tine.
Patient sera are dlluted 1: 400 mnth 20 ug/n1 of control protein extracts
purifi edUs 56 PRl des 3t Hpe Rnifd that used for
purifyin r56 (fractlons 21- 32 10 pooled fron1grad|ents equi val ent to
Figure 2 = absorbed for about 1 hr at roomtenperature, and then added

to the ELISA glates The pl ates are incubated for 1 hr at room
t enper at 2 M dtimes with 0.1% Triton X-100 in PBS. PerOX|dase
conj ugat ed mﬁgﬂm{%@%la%g’ (k£e 12080 %e}mngzﬁggﬂé ahPhudlld Ut ed L: 8000

and goat ant uman Rafn speci gaar erry) are then

addeds Ahtess bv’@&ni@@@@ﬂi 1400 @td fm%kéémpﬁi}fibus% béi@e@'c&fs%inare washed
four times with 0.1% Triton X-100 in PBS and the last wash is with PBS
only bef bee 1 e, adtisedrwich FBEStwite ABRS) XhdiKitikegaarateerry). The ODs

at 405 nmare read after 15
sera are diluted 1:400 with 20 pg/ml of control protein

tig

extracts purified from E. coli BL21 uging a procedure
identical to that used for purifying r56 (fractions 21-32

10 pooled from gradients equivalent to Figure 2), pre-absorbed ww?t:
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
{p 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 aftér 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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m n incubation at roomtenperature. Rabbit sera were diluted 1:250 with

PBS only. All procedures are the sane as for detection of human anti bodi es
except that rabbit sera is not preabsorbed with proteidd PFépheat 2888 from
BL21 and 25 peroxi dase conjugated goat anti-rabbit 1gG (Kirkegaard & '

Perry) diwblegeksdse2, 000 is used. 17 31 Cctober 2005 WOpBR4E83P69
PCT/ US02/ 11379 18 The reconbi nant r56 pol ypeptide contains only a portion

of the 56 kDa protein, the najor antigen that is used to differentiate
antigenic types of Orientia. In addigion rickettsial whole cell |ysate
contai ns nunmerous other 5 protein antigens besides intact 56 kDa antigen. A
conparison of ELISAlgGreactivity of r56 and O tsutsugarnushi Karp

strai n whol e Il _lLysate with_rahbit antisera is sho (figure 4). The

ot ted 11mes Tepreesiptint s PaRperdiakosr i i A Bre S LBhot 1 vi 1y of
t he nor it r Th o0l Lnesis. t | i.ne ression of the
dat a fo:@% ﬁ:gébgzs Ia‘;%%il-gr-ocgeiqgﬁt ?%é?g %’II![ agg%gé?e%faetdl?rgé?%%%. Ei ght control

normal raffdetreset até OREN BnARORESIs Jfl Ve ianptiser anagalpsion Non-rickettsial,
antigens (open triangles): eight antisera to Rickettelales other than

ori enti aiaxeshssqlavies)e cedd PP aphistna mumeaioght oBlét gen prot ot ypes of
O. tsutsugarnushi (solid circles) are conpared. Positive breakpoints (nean
+2SDp f GIXFEa8t potiyend UssiHes Sortard ®Aokea catiigeni eht fempargsane (WCEX) and
st andar dqi §A uii ng ei ght  nor rrfal rabbit (ODs of 0.27 and 0.38),

respect i IlEx![f Shr L9ESTRASTGITREY. of 23§ prfglr etoMtopgsEshy Kawne of the ei ght

20011 B g6ye U 20k SHGS) Rl L RIATL B Oy 1o v 2
(figure 4). The dotted lines represent the mean + 2
standard deviations of reactivity of the normal rabbit éera.

10 The solid line is the linear regression of the data for thew
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 0. 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
{0Ds 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 (0D 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




reactivity higher than the cutoff for WCEx while one rabbit antiserum

agai nst primary chick enbryo reacted barely above 25 the breakpoint with
r56 (OD of 0.28) (Figure 4, Table 1). on the other handl20ctbbge? 286bit
antisera against the eight Oientia antigenic prototypes react slightly
above th t ober 2005 WO 02/ 083069 PCT/ US02/ 11 kp0|nt wth
r56 and gf %ggégggxhlblt positive ELISA with WCex (F?é%gé% ﬁ%g

Al t hough the r56 antigen exhibits lower LISA reactivity at t he anDunt

enpl oyed than that obtained with X, the orientia rabbit antisera exhibit
a 5 very good correlation of ELISAfeactions to the two antigens (r=0.8,
n=22). One Kato antiserum and one TA686 antiserum which exhibit relatively
| ow positive ELISA reactivity with Weex does not react, significantly,

Wi th r56erankpgént (THE! e561knd Golds equenexlyibithpoBLt Hre VELTSAf widled r 56 gi ves
10 equival ent results as_the standard ELISA in the detectlon of

ori ent | APedFraeram febiest by FELlthRuSE%p"é?ﬂ f"sél ppt ggemggxhibits
sensitiv 9% g’ accur,ac %%ié% §AE S H?W ref erence assay)
even th&hﬁ% %%'% 131¥¥u% daBB??W6W@ﬂ8¥e g%ﬁ & conpl ex anti gens
found i rbﬁ%}ge 1‘19 t?ﬂ-v@éBcOb Z&QEén\é@aO%Aﬂ%%OggtE% 43379 20 Table 1.
Conparison o E A reacf|V|ty uri Kar ole cell ysate and
fol ded rab-wgbbdr éhidl 228bh S&F asL:cétAt ké@cﬁ@.cﬁ@altast:hé ©id ftegenant i gens
{r=0.8, n=22). One Kato antiserum and one TA&86 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%,
gengitivity-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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0. tsutsuganushi stra ELI SA ODs(405nm of whole cell lysate (corresponding
r56 result) in Karp0.94(0.58),1.87(1.04),1..81 (o0.s0) , 1.83 (0.81)

Kat 00. 46(0. 22),1.02(0.50) ,1.16 (0.77), 1.27 (o0.58) 31 October 2005
G llianD.54(0.42),1.20(0.54) TH18171.67(0.59),1.12(0.60),1.29 (0.s3), 0.83

(0.47) T 0.48) TA6860.71(0.26), 1.52(0. 86)

TA7161. 24%%@%8?‘%% 14(0.51) TA7631. 79(0. 72), 1. 57( 0. 89) . UBH*EL) at her

Ri ckettsiales R prowazekii 0.08(0.12) -------------- R typhi 0.18(0.08) R
rickettsia0.06(0.04) ,0.15(0.14) Ragconorii0.10(o0.ii) ,0.07(0.11) E.

sennet su0.01(0.05) E. risticii0.01(-0.01) Non rickettsia) antigens Yol k
sac0. 22(0.08) L929-cel10.01(-0.08) Primary chick 0.20(0.28) enbryo RAW

264. 7 ceTalle 22( Qot@)riEoncoFi EEP0 k@a82{ vitlyl pENouant i g rkKa@pl135+0. 123( 0. 093+
0. 088) cdm e h=Bysate and folded r56 with rabbit antisera.

Antisera against ELISA ODsg (405nm)of whole cell lysate
5 different antigens {corresponding r56 result)

0. tsutsugamushi strain

Karp 0.94 (o0.58),

1.87 (12.04}, 1.8%1 (o0.80), 1.83 (0.81)
Kato 0.46 {o0.22}, 1.02 {(g.50}, 1.16 {o0.77), 1.27 (0.58)
Gilliam 0.54 (0.42), 1.20 (0.5¢) _
TH1817 1.67 {o0.59), 1.12 (e.s0), 1.29 (0.53), 0.83 {0.27)
TAE78 0.59 (o0.48)
TAE86 0.71 (0.26), 1.52 (0.86)
TAT716 1.24 (0.48), 1.14 (0.51)
TA763 1.79 (0.72), 1.57 (o0.89), 1.18 (0.82)

Other Rickettsiales

R. prowazekii 0.08 (0.12)
R. typhi 0.18 {o0.08)
R. rickettsii 0.06 (o0.04), 0.15 (o.14)
R. conorii 0.10 {(0.11), 0.07 (0.11)
E. sennetsu 0.01 {o0.05)
E. rigticii 0.01 (-0.01)

Non rickettsial antigens

Yolk sac 0.22 {o0.08)
L929-cell 0.01 (-0.08)
Primary chick 0.20 (o0.28)
embryo

RAW 264.7 cells 0.22 (o0.14)

E. coli HB10O1 0.32 (o0.11)

No antigen : 0.13540.123 (0.093+ 0.088)
control {(n=8)

0D values listed are the difference between data with
10 antigen and without antigen,
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- st andar d<

OD values listed are the difference between data with 10 antigen and
wi t hout antigen. 20 31 Cctober 2005 WO 02/083069 21 PCT/ US02/ 11379
Conparison of r56 LISAwith IIP Test with Human Sera. 3%e@ehvhetodPO5era
fromhealthy Thai soldiers were used to establish an ELI SA break point for
positive s (nmean + 2 SD) with r56 as anti gen 0.05 +
Bo%6 = 0. Wh AR | |gG and 0.032 + 0.032 = 0. 064 wpgﬁ%’ at 1:400
serum dllutlon. The r56 ELI SA ODs of 128 sera from patients suspected of
scrub typhus from Korat, Thailand were conpared wth the 1gG and | gM
titers determned by an IIP nethod using a mxture of intact Karp, Kato,
and G lliam prototypes of 10 Oientia. The Il P nethod used was descri bed
preV|ouslg (2Q (F|oures 5 and 6) . IIP tlters as the gold

Pt yCS SHY Ffa-ues of ELI SA

L?ZSLLZ.méewréﬁ% B S Fh7155] 2 gih e fi L granto posiyTve
effici en@%a%fllgﬁfiaﬂéﬁ%mﬂﬂb&@aﬁ Wi o Nelhf §6d s didTRUNpeE O dagReassay (11P) for

128 Thai patient sera. . pos. ELISA sera by %% % Titer Ig IIP

Sensi ti vi tgn)Speehfiss tas /a\ﬁeu@@@y Mebe Sed gG 068 +88%©2%087% od gM 56 91% 92%
91% 1: 200 | gG 61 92% 93% 92- 0.
5 for IgG, and 0.032 + 0.032 = 0.064 OD for IgM at 1:400 serum

dilution. The r56 ELISA ODs of 128 sera from patients
suspected of scrub typhus from Korat, Thailand were compared
with the IgG and IgM titers detexmined by an IIP method using
a mixture of intact Karp, Kéto, 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 asgay (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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| gM 52 986 92% 95% 30 1:400 | gG 57 90% 93% 95% | gM 47 100% 93% 93% 35
Sera from 13 isolate and PCR-confirmed cases of scrub typhus were anal yzed
to characterize the kinetics and nmgnitude of the | gMiandctgeeknibe
responses as neasured by 21 31 October 2005 WO 02/083069 PCT/ US02/ 11379 22

1P test i nd by r56 ELI SA ODs. Representative hown in
Figure 7 gggﬂ}%%ﬁ@e 3. Four sera from4 different cases vvesrﬂghgzlgzi | abl e from

the first week after onset of fever (days 4-7). Al are positive by IIP

for both 5 IgMand IgGwth titers-petween 3200 and 12,800 for all cases.
In contrast, by ELISA, KR5 (day 4, Table 3) has very |ow 1gM and IgG CODs
and KR20 is negative for IgMeven at day 7 while the other two sera (KRS,
KR25) are nore reactive b | gM assay than IgG Sixteen sera from 12 cases

were 10 Eml@ﬁteﬁi_gellﬂ §’_Yp§_§@ Briét 0Bs- fPéFé?e.s_eBi}aFi‘{E BEER | gM and | gG
(LT3 a1 9h S0 W ShU ae Gro-foLd ol wpgn, for Ll o these
L% L AR A0 Bl BN, el B e Ser, 1 om s
simlar bgGang eghbELIRA 2361 0nS1 Br¥epSEIta v 0 £ PhrForCRSER Were
obtained in weeks 3-4 after infection. Two of the cases (KRB, KR20)
exhi Bt agllegidcase witH ghitebs bytuddnSAzoataddil,Bovefaoiaitl whi ch are not
apparent by Il P assay while 20 the other reactions all remain strong. In
weeks 5-6Gazdd.er Ini ofmctdsin bwoElgIS®H &Bba(dayorh.diTebéeeht Ipst venYs decline in
low IgM and IgG ODs and KR20 ig 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 IgG titers are again high and within one two-fold
dilution for all of these sera except the day 10 serum from
KR23 which alsc has the lowest IgM and IgG ELISA OD's (Table
3, Figure 7). Except for three other sera from days 8-10
15 (KRS, KR43, KR51) which also had low IgM ODs, most sera has
similar IgG and IgM ELISA reactiong. Five sera from four
cases were obtained in weeks 3-4 after infection. Two of
the cases (KR8, KR20) exhibit a decrease in IgM ODPs by ELISA
atlthis 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 IgC 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 agsays from 10 té 39 days (Table

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

95-202 days post onset of illness, IgM IIP titers and both
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1P 1gMtiters (but not IgGtiters) while three sera decline significantly
in ELISA IgMand one by ELISA 1gG In striking contrast, KR27 maintain
high | evels of specific 25 antibody as measured by al | 33s88§&PProrPe8d to 39
days (Table 3). Wth all six sera collected fromsix different cases

95- 202 daysopssdssonset of illness, IgMIIP titers and Reif2dsnl Oct ober
2005 WD 021083069 PCT/ US02/ 11379 23 I1gM and 1gG ELI SA ODs drop
significantly; in contrast, only one of the sera exhibit a decline in IgG
1P titers (Figure 7). TABLE 3. Caagparison of IIP test titers with ELISA
r56 OD's obtained with human sera from confirned cases of scrub typhus.
Pati ent Days postlIP Test Titerr56 ELI SA (OD) 100nset of feverlgM |1 gd gM gG

KR543, 2 0.1 KR5106. 40012, 8000. 341, 26 KR5291, 60012, 8000. 070. 63 15
KR8512, %@”1§9306§83%§35f88§ﬁ8%%9 zﬁi@%‘?géﬁ? G. 63 Rﬂé&%‘ﬁ 188613 8000. 710. 85
KR84712, . 8000, 570991 22 35 0 6, 4001. 301. 15
KR10201 5800 oo e s D e e P 21 P s R 30495606, 4000, 440, 52

7).

5 TABLE 3. Comparison of IIP test titers with ELISA x56 OD's
obtained with human sera from confirmed cases of scrub

typhus.
Patient Days post IIP Test Titer r56 ELISA (OD)
10 Onset of fever Ig IgG IgM IgG
KR5S 4 3,200 3,200 0.10 0.31 -
KRS 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
KRS8 10 6,400 6,400 1.48 0.52
KR8 26 12,800 12,800 0.71 0.85
KR8 47 12,800 12,800 0.57 0.80
20 KRB 137 50 3,200 0.05 0.35
KR10 10 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
KrR20 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 9 6,400 6,400 0.27 0.85
KRr43 iz ) 6,400 6,400 0.96 1.17
KR43 13 12,8400 12,800 1.16 0.63
45 ‘
KR51 ‘ 8 3,200 12,800 0.35 0.74
KR51 11 6,400 6,400 1.04 1.32
50
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KR20276, 40012, 8000. 240. 50 KR20952006,4000.030.13 30KR23102008000. 140. 32

KR23141, 6003, 2000. 971. 50 KR23298003, 2000. 261. 32 KR25712, 80012, 8001. 340. 84
35KR25116, 4006, 4001. 540. 86 KR2 7103, 2006, 4001. 301. 10 KR2 October 2005
7126, 40012, 8001. 301. 20 KR2 7243, 20012, 8001. 141. 23

40KR2739
KR43126, 4
KR5183, 20012, 8000. 390. 74 KR51116, 4006, 4001. 041. 32 50 23 31 Cctober

.961. 17 KR431312, 80012, 8001. 160. 93 45

Qgégg%é% 001.031. 20 KR4396, 4006, 4000. 270. 85 |, wpusoai11379

2005 WO

02/ 083069 PCT/ US02/ 11379 24 The excgllent sensitivity and specificity of
the r56 ELISA in conparison with those of the Il P assay suggest that one

protein antigen, i.e. truncated r56, is sufficient for detecting
anti - Ori ent i @hanéxdmdyeritn sees b fvidm padi el fiidikySoes citiub rB5gphus.
single nmoiety in reconbinant form

wi |

of Protective | mune

10

15

20

25

one protein antigen, i.e. truncated r56, is sufficient for
detecting anti-Orientia antibody in sera from patients with
scrub typhus. Use of a single moiety in recombinant form
improves efficiency of the assay and will reduce cost per
assay, significantly.

Example 4

Induction of Protective Immune Response.

Because of the significant antibody response exhibited

after exposure with O. tsutsugamushi in rabbits and humans,

and the excellent recognition pattern of r5%6 polypeptide

compared to whole cell extracts, the r56 polypeptide is a
good candidate vaccine component,

Two strains of either relatively outbred mice (CD1)} or
an inbred strain (C3H) were immunized, with adijuvant with
the r56 polypeptide. At various times after. administration
of the polypeptide the animals were challenged with iive

0. tsutsugamushi.

24
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i nproves efficiency of the assay and
r ediiclSAC 08t cqapariassayitligmidel cfinthey . ITRX anphe dugddstl nHaict i on ucti on



yee+y--.,....~_ Response. Because of the significant antibody response
exhibited after exposure with 0. tsutsuganushi in rabbits and humans, and
the excellent recognition pattern of r56 polypeptide &énRarederoZ(hbdl e
cell extracts, the r56 polypeptide is a 15 good candi date vacci ne

conponent rains of either relatively outbred m r an

I nbred sfwgi%ﬁ?%%kb were i nmuni zed, w th adjuvant m‘thﬁﬁyﬁéﬁﬂégP

pol ypeptide. At various times after adm nistration of the polypeptide the

animals were challenged with live 2@ 0.tsutsuganushi. 25 24 31 Cctober 2005
WO 02/ 083069 25 PCT/ US02/ 11379 The protective efficacy of adm nistration of
r56 pol ypeptide is shown in table 4. Table 4Protection of Mce by

| mruni zatheoprotkbt 16 dEXpeatyaif Sidvanhsofdase/ MiuseChadlyprgeide

m ce(adj uvant )date postProtection i-nmuni zati on | C3H25 j. g3 weeks1001-1.

(1 nconp.idrskords)in |l 4£EDE28. A. g4 nont hs60% (Titer Max) 111CD12 ug4 weeks60%

(Titer Max) Karp, Kato and Glliamstrains 5 :

Table 4 Protection of Mice by Immunization with r56
Experiment |Strain of Dose/Mouse | Challenge % .
: mice | (adjuvant) date post Protection
immunization
I C3H 25 ug 3 weeks 100%
(incomp. P
Freunds) ' :
II CD1, 25 ug 4 months 60%
{Titer Max)
I1I CDh1 2 pg 4 weeks 60%
(Titer 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
10 the expression vector pHET24a. The recombinant protein (r56)
was expressed as a truncated non-fusion prbtein {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

15 body when expressed in Egcherichia 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

20 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

25




The variable 56 kDa maj or outer nenbrane protein of Oientia tsutsuganushi
is the i mmunodom nant antigen in _ human scrub typhus infections. The gene
encoding this protein fromG |liamstrain and Kat ostrdlnOassbelroddSi nto
10 the expression vector pET24a. The reconbi nant protein (r56) was

expresse Sydsdcpuncat ed non-fusion protein (am no aci m no acid
488 of tﬁgaozf)rer% 6?eadi ng frane for Glliam and am no alf:{i‘Tél%%?h?z)@am no acid

453 of the open reading frane for Kato strain). Both protein forned an

i nclusion 15 body when expressed imgEscherichia coli BL21.. The refol ded

r56 (Glliam and r56(Kato) were reactive to sera fromscrub typhus
patient. Three reconbi nant antigens, r56(karp), r56 (Glliam, and

r 56( Kat ojeMette hhwee citadnedqusing ahpde agrll Jyedtasizdwe thatigen in an

ELI SA. A panel of patient sera 20 exhibiting a wide range of reactivity was
enpl oyedcarresponpine ttirainears ivke gooting xant igecohhiHentELLES. antigens with
m xed whol e cell antigens. The ELI SA results correlated 25 31 Cctober 2005
WD 02/ 0gHB6e PETRUSHHLrpesdy 2emmert that Hdwe mibturaeef ddieng whol e cel |

| ysate fromthe corresponding strains as the coating antigen in the ELISA
These reRfMbiserprgfatesngpbr? Hisapotfetinktigr eorsehas peconbi nant
proteins_has the potential to be used as_a 5 diagnostic reagent, exhibiting
br oad sehHSFPFELG EeRPMICghexsiiidingchEgad grened £iBl &y pids biteRecti on and in
production qf , | mmune gl obulins, vaccines, and therapeutic agents. The

r econbi FRFCIF56LE | 19 P 3R dC B EKAPEF R AR iP REIIICEEOR0E 1 epl ace the
density gradient- Jfied, rjckettsia-derived, 10 whol e %el | antigen :
currentl 8dgi YHEScoMRETEISH, gPp- therapeutic agents. The P

recombinant r56(@illiam) 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 r56(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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stick assay available in the USA. The nol ecul ar cl oni ng, expression,
purification, and refolding of the truncated non-fusion 56 kDa protein
from Glliamstrain, r56(Gllianm), and from Kato stradh, O¢BobEB(XED) will
now be described. The refolded r56(Glliam reacted strongly with

nonocl on dy (mAb) RK-G3C51 but did not react F+95. The
r56 (Kat g‘ivo?»g/gég ed with E+95, but not with RK-G3C51. %M?SG?@% n variations
of Oientia are well docunented. In order to devel op a 20 di agnostic
reagent that will detect nost cases;of scrub typhus infection, different
serotype antigens need to be included in the antigen cocktail enployed. A
m xture of three purified reconbinant-r56 (Karp, G lliam and Kato) was
eval uat edothtailt fr sacding Rarpi t Gi 20 apat asdtKeder dnwhi sbadmrexhi bit ed wi de
range of reactivity with whole cell lysate t 26 31 Cctober' 2005 WO

02/ 083068L23A HSK U5e@ddiz7 @ fcecktlaitdyphob. stTe #L.IKAr pes@id iodm and Kato in
a standard ELISA for diagnosis of scrub typhus. The ELI SA results of

usi ng m xeing wfxtnsé ebrrsd apedeiwidd well Hos&holsearhbainsl nginghe m xture
of corresponding strains of whole cell lysate. 5 These results strongly
suggest thatmixtiereechdimmspopdbteistgainavet rielgorehlitrsate.be used as

di agnostic reagents, exhibiting broad sensitivity and high specificity for
scrubb t fphaee HaFldts | PHEOIRAY SRIgE St that nehawe ipABt IRYeAPPchi a col |
HB101 10 was used for cloning and E. coli BL21(DE3) was used for

over expr B3%¢ dHioPopei i IndcuRgersehasc BhpgrAstofr pragents,

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 uged was pET-
24a (NOvagen: Madison, WI). Plague-purified O.

tsutsugamushi Gilliam and Kato strains were grown in

15 irradiated 1929 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 pair S6FGm(784/819),

20 5 T T A G c T ¢ cgolara Te A C A A
T T G CACCAG GGATTTTAGA 3’
and rS56RGm (1929 / 1894) 5’ A T G A G C T A

AcccelearT ccarncaccecacdcc

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

25 nucleotide seqguence 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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T7l ac pronoter (26). The plasm d vector used was pET 24a (Novagen, Madison,
W). Plaque-purified O tsutsuganushi GIlliamand Kato strains were grown
in 15 irradiated L929 cells was used for preparation of PﬁéObﬁéngﬁpg

(11). doning of the gene for the r56 (Glliam into the expression vector
pET24a. Awgli)i/ﬁ@!ja,pal r 56FGM(784/819), 205 T TAGCdofasiaste ATATGA
CAA TTGCACCAGGATTTAGAZ3 and r56RGM (1929 / 1894) 5 A
TGAGCTA ACCCG-GATCCAACACCAGCCTATATTGAZ
was designed using the 25 nucl eotizde sequence of the open reading frane
for the Glliam 56 kDa protein (27). The respective restriction sites for
Nde | and BarnH | are underlined and bold. The forward priner

56FG( 784/ 8101 afdisraiceddnt ik meshitenidle ¥nish Cetmsiyér 02005 WI02/ 083069
PCT/ US02/.1 4,1 L odo d which is part of the Nde
I recognlt%gﬁggéﬁﬁgﬁgé 8 ﬁﬂg¥%3er2%eg%?%§%b ggﬁﬁn{11929/1894) nmut at ed t he
tyrosi ne c%@ﬁﬁi“@tl%?@sﬁla% sagated atha dyresdna eatprc efit sewielien BanH | site.
The 5 codi f o] 0 npl ed by PCR from
DNA i sol at 2%8 ﬁ%%%%&g(?%rg%sﬁaﬂ%%ha% B%ﬁail/\%%t% onltﬁr'lég of the gene for
the 556 (Kae&Yng eguehee 1fray prései ond/ &dt bp o 2%s. amppiiimsd pair

?56(F3K5A ( %8?%‘2?%‘ Ex%m bl f3d3ated &dn A SRslitbudadichiCeifiad C GC G CCA

strain.

Cloning of the gene for the r56 (Kato)} into the
10 expression vector pBT24a. A primer pair 56FKt (785/820),

5 T T A G C T G ¢ A colaTAa T6@ A C A A
T ¢ ¢ ¢C@CCAGGATTTAGA 3
and rS6RKt (1945/ 1910), 5 A T A A G C T A A

CCCGiGATCCAAGACCAGCQ
15 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
gites for Nde I and Baml I are underlined and bold. The
forward primer 56FGm(784/819) contained the methionine
20 initiation codon, at residue 81, which is part of the Nde
I recognition seguence. 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

25 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-HCl buffer, pH 8.3, 1.5
30 mM MgCl,, and 50 mM KCi. The PCR reaction was 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 729C for 2
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and r56RKt (1945/ 1910), 5 ATAAGCTAA CCCGGATCCAAGAC
CAGCCISTATATTGA 3 was designed using the nucleotide sequence
of the open reading frane for the Kato 56 kDa protei n3{3@rtolFhes E€8pecti ve
restriction sites for Nde | and BanH | are underlined and bold. The
forward %bﬁgﬁ@gFGﬂ 784/ 819) contai ned the nethioni nep&qué Ellllf:;l’g’:ltl on codon,
resi due ich is part of the Nde | recognition Sequence.
reverse primer 56RGm (11929/1894), nutated the tyrosine codon at reS| due
448 to a stop codon and contai nedz? BarnH | site. The coding sequence
fromamno acid 81 to 448 was anplified by PCR 25 from DNA isolated from O.
tsutsuganushi G lliamstrain. The two truncated 56 kDa genes were
anplified a f o} ot-Ldg trihphosphate, 1
nmM of each‘ln%h msr'[;ﬂe %gégﬂ?lﬂergla%%eﬁsgg%%r naEI rrgr8 Oefth%s Nor wal k,
CT) in 10 amwiffiisdHCtadporiiesy wapl-ﬁﬁgﬁte_ﬁ 5i8bh Nﬁel\xgcﬂﬂewamgman KCl. The

PCR reacti W S :94C, and followed by
30 cycl esgg?v%%C% %&ﬁ 1\&-\55%%&5 QE%gﬁdﬂh&% or 2 28 31 Cctober
2005 WO 012@5(@?8'®O©gyP(IfailS(Q:/s_bn3§‘9 Iﬂ@ mnld linatedstitéy dbeblms extended for 7
mn at 720 S di h e | (New Engl and
Bi oLabs B%/%eg%%d %/IQA?JS%%%I%% Ueégg%@%ré\%% g gfief$]3wﬁ%o %Egiy Gai t her sbur g,
VD) and | ieansfonned dbiblthe &igaian éﬁ%%ﬁ@e@%@m@l@@éﬁér pET24a. E. coil

HB101 was gdranahoEBRdifidltst hechigal LaBne §ié’é earﬁi“%r‘i@h@é‘dﬁfn. screened for
inserts with the right size and orlentatlon DURE |

PROCEDURE I-

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-0-D-thiogalactopyrancside
(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
gsetting 3 on a Sonicator Ultrasonic Ligquid 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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Expression and purification of the r56 (Gllian) and 10 r56(Kato).
Plasm ds carrying the insert were transfornmed into the expression host E
coil BL21. The optinumtinme and isopropyl--~-D--thi ogala@copheanddPde

(I PTG concentration for inducing r56 expression was determ ned.

Reconbi n | a- expressing r56(Glliam 15 were over ni ght
in 2X Wék?qgg(?@gct o-tryptone, 10 g bacto-yeast extr%@f}@%ﬁ%g NaCl per
liter of distilled water, pH 7.0) at 37C with shaking. Cell pellets from
100 m cultures were resuspended inR3 M of buffer A (20 MM Tris-HC, pH
8.0), containing 5 mM BDTA. 20 U trasonic disruption of the cell was
performed using setting 3 on a Sonicator U trasonic Liquid Processor

Model XL2020 with standard tapered mcrotip (Heat Systens, Inc.,

Far mi ngdal eent)fugedxfer mesifont 204 s&w0 uint bn coolBopgnderice for 1 nin

bet ween each sonication. 25 Disrupted cell extract was centrifuged at 8, 000
x g for 3eemirifupge (pedgletcdlipr e Vi tiddet BrAFafEn¥@ENEB®R  suspensi on

with 2 Murea in puffer A, pJ.aced on haker at omtenperature for an
addi ti onal r%e%ﬁeﬁ‘f) Wé@?ﬁ@ﬂ%b‘@ﬁ%’é@%%ﬁ/b%ﬁ%ﬁ%ﬁ US02/ 11379 30
~centrifuged. for i . r I p ni.f § e (nodel
5415) The g:'h %1355%2%%%18\%353%fg%%ngf%ée%g%{aeggwf?wq%%asgg] E{r‘%’#)‘%xychol ate in

buffer A aFifa Ipbhgamehlgl appel s dirksobuerhdid fBMsui-ea in buffer 5 A
The supernant was applied onto an high pressure 1iquid chromatography

(HPLC) i onl yrehbrgeohidArpBY (HpDEUMLH WatRasgAsoemzatew) M| ford, M)
(0.75 cmx 7.5
column (Waters Associates, 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 ¢ (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 mi/min.
Fractions were collected at one min per fraction. The
presence of xr56 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 immunocassay. 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

30



cm) for fractionation. Proteins were eluted with a |inear gradient of
buffer B (6 Murea in buffer A) and 10 buffer C (6 Murea and 2 MNad in
buffer A) from0.0 to 0.4 MNaC over 30 min at a flowlr &&cber0280hi / mi n.
Fractions were collected at one mn per fraction. The presence of 3;56 in
fraction ected by dot blot imunoassay. Posit] jons with
signifi czvr‘{%%gsggﬁtymunts of protein were analyzed by SDSJ?%IX@E@%? West ern

bl otting. Dot blot imunoassay. A 2 ail sanple of each eluted fraction was
diluted into 200 gl of water and apglied to a well of .a 96-well

dotblotter' (Schl ei cher and Schuell, 20 Keene, NH). After drying under
~vacuumfor 5 mn, the nitrocellul ose nenbrane was bl ocked with 5% nonf at
mlk for 30 mn, then incubated with anti body specific for G Illiamor
Kat o 56 kDaiprotwistranei gehufiom tohtaimaxhéd5:24 tames ofi THBphosphat e buf fer
saline (PBS) 5 mn _each 25 tine, and incubated w th peroxidase conjugated
goat anti {hBbkaNatGEleare}dim o PREEX LTS SUbFrEate RilBsFSAER  CA) for 30

mn. After _washj Wi.th,PBS 5 tines far 5 30 31 Octoher 2005 . WO 02/ 083069
BT Usoo! 1R456RE Ao <RatBe it aVBopeinaes SHEAPFhg lArbE9oR At 1 6 of TN
(tetrameth enzl.dj j das ]ﬁg_%, 8r roxi de sol ution,
and TMB meM ?a%%hg}nhﬂ'%gg%%ﬁ%egggﬁpﬁ%n I%B%S ‘ﬁ%o%flgfggr%{{s%j .
Gai t her sbutfe MIrowas 1addsd RMRaRet herHy Tern@gﬁhl;y& oS crRBRrAe. The
enzymatic reaction was stopped after 2 mn by washing the nenbrane in
distilled svapesd aSSBSrPAGE N, Weshend) HBleoimeababysiin dledilladlodecyl

water.

SDS-PAGE and Western Blot analysis. Sodium dodecyl e

sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)

10 analysis was performed with the mini-protein IT 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 oxr electroblotted
onteo nitrocellulose membrane. Immunodetection of the
Western blot was the same as described for the dot blot
immunocassay.

20 Refolding of ¥r56. Refolding of r56(Gilliam} and

r56 (Kato) in 6 M urea in buffer A were achieved by
sequentiél 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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sul f at e- pol yacryl am de gel el ectrophoresis (SDS-PAGE) 10 anal ysis was
performed with the mini-protein |l Dual Slab Cell System (8.2 cmx 7.2 cm X
0.75 cm Bio-Rad). The stacking gel and separation geBlcoatabaed2496and
10% acrylam de (acryl am de: bi sacrylam de ratio was 30:1), respectively.

El ectrop I s carried out at 15 constant voltag for 75 mn.
The gel s%?gbﬁ(é&ﬁ?her stained with Coonassie Blue R o‘rapeéﬂr[[é%o?/?lgi)/% otted onto

nitrocel |l ul ose menbrane. | nmunodetection of the Wstern blot was the sane
as described for the dot blot inmmupoassay. 20 Refolding of r56. Refolding
of r56(GIliam) and r56(Kato) in 6 Murea in buffer A were achi eved by
sequential dialysis with 4 Murea and 2 Murea in buffer A and finally
with buffer A only. The peak fractions fromthe DEAF col utm were conbi ned
and di al yze@uggarepad2s 8ayotenresedf vitMutMedren buffudifeR Ror 30 nmin at

room tenperature followed with one change of the dialysis ,solution and
di al yzed fdite ARPalddIELERLf &P ﬁﬂﬁ%ﬂ%eb‘%lf%ﬁd&%etrwozeesﬂ% 02/ 083069

PCT/ US02/ 1 3 ne .procedur.e was repeate i M urea i.n buffer A
e el Ghangdf SOTRALCRAS 183 LEBETLES MADLR, MeRaD Our Lo o fer
for 30 mn_gaghs and finally overnight at 4C. 5 Hunman sera. Patient sera

were collecte rom Pescadore |Islands in 1976(2). BLISA 96 well
mcrogiter ppnahesemil @ac0ahiehedhehBrghtol 1lct4€ Phéh mirlcagens diluted in PBS

and bl ocked with 0.5% boiled casein for 1 hr, rinsed with PBS twice, 5

Islands in 1976{2).
ELISA. 96 well microtiter plates were céated,ovérhight
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 eﬁployed 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.l
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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10 min each tine. Linbro Uplates (Cat. No. U 76-311-05, [ICN, Costa Mesa,

CA) were used for assays with rabbit sera while Mcrotest |11l tissue
culture plates (Falcon 43072) were enployed wth humadlsechobPat 2efd sera
were diluted 1:100 in PBS. The plates were incubated for .1 15 hr at room

t enper at , ed four tinmes with 0.1% Triton X-100,/ er oxi dase
conj ugat z‘gg%ﬁggﬁanti - human 1gG (Fc specific) (Accurgffde "gﬁ??; and

Scientific Corp., Westbury, NY) diluted 1:2000. After 1 hr incubation at
roomtenperature, the plates were 39 washed four tinmes with 0.1% Triton
X-100 in PBS and the Ilast wash was with PBS only before the addition of
substrate ARTS (Kirkegaard & Perry). Optical densities (ODs) at 405 nm
were neasured at 10 min and 15 nmin at roomtenperature. 25 Table 5 |ists
t he ELI SA dhode ofell0lpsatedosethe haesPpnding e§GRiBs ua? f§S he ni xture of

t hree reconbi nant r56 pol ypeptides correlated well to_those obtained using
11 32 31 CEPRbEhd 20659%0 @22‘9%66@"”%8@2‘?1161??@1@% @hol e cell Iysate from

Lhe corresponding S talis A3 bie.goAl L0 A0t | AfrofloPasiGrypiabl em I n the

desi gn of 0 tira 1S that numerous types exist.

Ei ght_pr ot gfypes diGhtl LAmoReR, (KPLGan] AREEy, %aEBT10ac341678, TAVG3,
een ely us a

TH1817) have s reference strains for MF serotyping of
isol ates emfiectiedrehroughqutrnt beraneas pedentigeloriékdentia (7, 24). In

recent years several additional serotypes from

reference strains for MIF serotyping of isolates
collected throughout the areas endemic for Orientia (7,
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 folloﬁing 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 subdividéd 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 sequencé 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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Japan and Korea have been recognized (5, 22, 33). W 10 have-recently
characterized nore than 200 Orientia isolates by restriction fragnent

| engt h pol ynorphism (RFLP) anal ysis of four different3anficgehegene0s

honol ogues followi ng their anplification by polynmerase chain reaction (6,
11). 45 P iant types were 15 identified. The dom n i nmune
response%%oygsg@?nst the variable 56 kDa outer rrenbra%&gﬁ%?@qmi ch is
the maj or antigen distinguished in serotyping. Sonme of the antigenic
serotypes found in Japan and Tai wan , 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 honol ogues of this protein. DNA
sequence anal ysis of 56 kDa genes from various serotypes has reveal ed that
t he sequentekelpmyrdapondivleletbrd pboef@iirtheonsesrgsk andctidiwitgar i abl e domai ns
25 (19). These conserved domains of 56 kDa protein may account for the

cr oss-r eacPhbsguavediinafrisetrina afhensts wfocpebsragkemnopsésswidke the vari abl e
domains are very 33 31 October 2005 WO 02/083069 PCT/ US02/11379 34 likely
responsi bl BoFlorSisshe sPnepE ek rEeypRs HelPri eft5P2 FOEFVRAS n Orientia. The

r56 reconbjon@?r;tﬂpr Leinsg hé_f:k .nmost ﬁ{?the cons(grved regions of the 56 kDa

protein at " pbtH I he RECand C™ 8P mi 1ifs “TRE" EonsEiéd=r egi ons 5 bet ween

the fgrst B%tﬁuéé&?tﬁ%%@gsﬂaa{ cfl%s Qéf?é@{ vggga%%?td’@c%&nt ggsecond and the
able do e

third vari main are relatively short. nsequently, the broad
reactivit yp&fwedrb@hBB¥ecbEndUSd 8nt NenGANSEFYSH] & a@in! 8sat ed between the

third and the fourth variable domain which is about
relatively 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 0. tsutsugamushi strains Karp, Gilliam, and
Kato have been shown to be antigenically distinct. They
were igolated from different geographic areas (Karp from
15 New Guinea, Gilliam from Burma, Kato fxom 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, 56
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 oﬁter membrane
protein antigen of 0. tsutsugamushi is the
imﬁunodominant-antigen in human infections. Further, the
25 gstrain variations of Orientiaz 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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10 160 residue long. The four variable donmains are responsible for the
strain specificity in serological tests. The 0. tsutsuganmushi strains
Karp, Glliam and Kato have been shown to be anti genBéaPcyobliest EZAED. They
were isolated fromdifferent geographic areas (Karp from 15 New Cui nea,
Glliamf ma, Kato from Japan). Recently a rapi say for

di agnosisvhggﬂgg‘iﬁ&b typhus using r56 (Karp) (36, 37) vﬁd’#gyéﬁ%@ped. To

i nprove upon the broad reactivity of this RFA r56 antigens were produced
fromstrains Glliamand Kato to 2(}5be included in the RFA for future
evaluation at clinical sites. In sunmary, the 56 kDa major variable outer
menbrane protein antigen of 0. tsutsuganushi is the

i mmunodom nant -antigen in human. infections. Further, the 25 strain

vari at i onsewbodinicant b e Melehtdosuimtiieids the tsd&aripo devel op a

di agnostic reagent that wll . detect nost cases of scrub typhus infection,
t he preferreieicn 3lo@et odwn 20852 102 FROSBBURPAIY 8024011379 35 enbodi nent

of the invention includes the r56 Karp _antigen al one, when prepared by
PROCEDURE FPmAnatd oncHgh it Pon™aFt Pt esabhgst 2 pftdmabie? 2f conbi nati on

of different_serotype antigens.in the antigepn,cocktail .5 enployed. The
gene. encodt i THTY BRETEMEE FREAPERE W oS APRIAct Camsiatloi d 8O- - 456,

desi gnat eder@l&y%@ was cloned, expressed, and purified in accordance with
PROCEDURE 1.7 T'n foll owing PROCEDURE | relative to the Kato and 10 G |liam

strains, therhé ddie Rheb&lny fHiom HhetKahorsdn @he Karp strain
(amino acid 80- 456, designated as r56) was cloned,
expressed, and purified in accordance with PROCEDURE TI.

In following PROCEDURE I relative to the Kato and

10 Gilliam straing, 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.l), r56 Kato (SEQ ID NO.4}, and x56
Gilliam (SEQ ID NO.5) polypeptides. The 56 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 wonoclonal antibody E+95
but reacted strongly with RK-G@3C51. The r56 Kato reacted
with E+95, but not with RK-G3C51. Thege three r&5é6

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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and the Glliamstrain were expressed with slight nodifications to the

procedure (PROCEDURE 1) that was used to express and purify r56 fromthe
Karp strain. This nodification is attributable to the3isectbbes d085erent
prinmer in the production of each of the r56 Karp (SEQ ID NO 1), r56 Kato

(SEQ I D d r56 GIlliam (SEQ ID NO 5) polypept] r56 Glliam
and rSG%?%osa‘%g truncated at both the N and C--termﬂr’](?ﬁa%?ﬁya%exhi bited

t he expected size by SDS-PAGE (am no acids 81 20 448 for r56 Glliam total
of 368 am no acids; amno acids 81.453 for r56 Kato, total of 373 am no
acid). The. r56 Glliamdid not rdict with monocl onal anti body E+95 but
reacted strongly wth RK-G3C51. The r56 Kato reacted wth E+95, but. not
with RK-GC51. These three r56 25 antigens were mxed at an equal ratio and
used as t heeadnitiigenof nmiatedEkbShnb gran el cobnipaddrantvi Rraixedi biting a

wi de range of reactivity was enpl oyed to conpare the 35 31 October 2005 WO
02/ 083069 WEH/eUSE2L12871036 .1 Ehet EM SRy rebubtsexburedetbiinegikl r 56 anti gens

with m xed whole cell antigens. The ELI SA results correlated well to
those obt afhddi s REtMHA% “ééP‘H hkR eliohV e d8PrPebBBndi ng strains as

the coatin ant| |nthe5EL| Theereslt rovjde strong scientific
evi dence %&gﬁ%?t%trtaﬁ&? ‘??‘ue% én%fa%?@epgéﬁnlﬁg%ant p?ot ei ns has
the Botentmspzoﬂsﬁa8§éﬂsﬂ%fe,a€ @:Q#E;gt'x%n lflsxglé?aéﬂaw br oad

sensitivity and hig speci roscrg yphus infection. 10 Simlarly,

i nvent or hﬂdld'wrshbgbrﬁi@\&ia(%pﬁﬁe&ﬁua:uxfeubthﬁhe%’é&%ﬂﬂaﬁ'{'ﬁﬁhtm this invention,
an i nproved net hod

proteins has the poteritial 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 r56. Surprisgingly, the final products
prepared in accordance with this new method were

is5 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} discleosed herein. More
specifically, the improved method (PROCEDURE II) is as

20 follows: |

PROCEDURE IX

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 ﬁight at 37°C with

shaking.
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(PROCEDURE I11) for the production of Karp r56, Kato r56 and G |Iiam X56.
Surprisingly, the final products prepared in accordance with this new

met hod were 15 produced in substantially higher concedir@ctoheandtOpurity
and with less inpurities and | ess aggregates as conpared to the products
prepared by the previous process (PROCEDURE S) disclosed herein. Mre
speci fi cal )0/2,/"8?% i nproved nmethod (PROCEDURE 11) is aFCHEV P Pows
PROCEDURE |1 1. Expression of r56: Plasm ds carrying the insert were
transforned into the expression ho;% E. coli BL21. Reconbinant E. col
expressing r56 were i nduced with 25 i sopropyl - beta. D-t hi ogal act opyr anosi de
(IPTG in the log phase and propagated in LB nedi umover night at 3"7C
with shaking. 36 31. October 2005 WO 02/083069 PCT/US02/11379 37 i 2.
Purifi cati on 2af pub6f pedtyipepbifdess Wl vpopridol yipept-sdes were expressed as
inclusion bodies (IB) 1n E coli BL21. Cell pellets were re-suspended in
buffer A pelypedtides- Wete ¢hr@sGpd zonmailnshgn SoeMeEDKARANER 0.1 5 M of
phenyl net hyl sul fonyl fluoride (PMSF). The cells were disrupted by passing
t hrough ni éLOi?L]LH &Lzdr tBekh Palilgss waiE TReSHEPPRESG dac PuhBer centri f uged

t.8, 000 0O.m T L1 et t it M i
bui fer A afq (2l SUbITs-File W Grab: COMARLRG L0TB0TH ARG Tor 2.5 fo 5
ng/rﬂs of rﬁﬁ'of“ﬁﬂ@hyﬂ&gyﬂﬁ£éﬁﬂkd%&l1§luoride (PMSF) . The cells

were disrupted by passing through microfluidizer three

times and the cell extract was centrifuged at 8,000 x g
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 P30003W (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, pdH 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 2 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

4
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roomtenperature for at |least 20 mnutes, the sanple solution was
centrifuged at 8,000 x g for 5 mnutes. The clear supernatant (<1/10 of
the col um vol une) was applied to size-exclusion col urdsOTERLPBOBOBHY (21.5
mm x 50 cm) -tandem TSK P4000SW (21.5 mm x 100 cm columm equilibrated
wth 8 M 1 mMMDIT in 20 MM Tris- Hcl, pH 7.8 . Peak
fracti onsw@on?aﬁl ng the r 56 pol ypeptide were pool ed£%0 /(rl)g?ed into the
ani on- exchange DEAE columm (21.5 nmx 30 cn). The bound r56 20 was el uted
with a linear gradient of NaCl froag0 to 0.4 Min buffer B over 30-60 mn
at a flowrate of 5 mM/mn. 3. Refolding of the purified r56 of e tide:
Refol ding of r56 in buffer B were achi eved by sequential dialysis with 6 M
urea, 4 Murea, and 2 Murea in buffer 25 A and finally with buffer A
only. The @@@keersf Seilpows (4ComichtoBEAWiEh tivp shangesonbi Wedl and di al yzed
against 8 voI unes of 6, Murea in buffer Afor 30 mnutes at 4 37 31

Oct ober 208521 ¥RB S0 SPHRRTEY ApeTALRHFA 595 agt é’éFsaéeI sius (4C) foll owed
with two CQ es OEL égl el aI ysuf;hsol ution ancg zed f rehda total of an

d|
addi ti onal rﬁoﬁlﬁt HHETESe ProcEdGr BE 0T L%reepe ed"PW T 4 Mand 2 M

urea in b ept u di ram,0f,gL Ht at hi one was
i ncl uded %\iﬁ]eﬁﬁquﬁ’geja) " glorléﬁt %%ﬁu%ﬁﬁx?l ng%é’e(#tg 0;3 {sleJzDag agai nst buffer A

wWiths two biidiRld EBanoss huitbuhi@ie ok 3HcTideeashrhangy fdgaal |y overni ght
at 4C. Protection Efficac data for (a) r56 (Ka only), (b) 10 r56 (Kato
only) and g$c)utdom.xt The halb56ikhyg s vYesKagainsndutF6rGulwitdm chal | enged
by Kato.

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 Kaxrp,r56 Kato

and r56 Gilliam, challenged by Kato.

Table 5: Immunoprotection of Swise Outbred CD1 Mice
from Orientia tsutsugamushil 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
PR3 Alum-CpG - 41.2% 0.12x0.09
PBS _[Alum-CpG Boost 30.8% 0.06x0.07
Kp rb6 FIA - 100% 1.56x0.15
Kp r56 FIA Boost 25% 1;4910.37
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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Tabl e 5: I nmunoprotection of Swiss Qutbred CD1L Mce fromOientia
t sut'suganushi Karp Strain with Kp r56 Vaccine using Freund's Inconplete
Adj uvant and Alum + 15 CpG VACCI NEADJUVANTBOOSTPROTESGTI ONSEREr0Z905

PBSFI A- 38. 5%0. 100. 25 PBSFI ABoost 52. 999. 060. 06 PBSAl um CpG- 41. 299. 120. 09
PBSAIun1C§§Boost30.8%D.060.07 Kp r56FI A100%. 560. 15 Kp

r 56F1 ABooYPR¥I%90. 37 Kp r56AI um CpG 76. 99%4. 480. 08 KpPCT/USI2/11379

r 56 Al um CpGBoost 73. 701. 420. 12 FI A=Freund' s | nconpl ete Adjuvant |P chall enge
of swiss outbred CDI mice 38 31 Cb%gber 2005 WD 02/ 083069 PCT/ US02/ 11379
39 5 10 Tabl e 6: Dose Dependence of I mmunoprotection of Swss Qutbred CD1
Mce fromOientia tsutsuganushi Kato Strain with Kato r56 Vaccine in the
presence of Freund's Inconplete Adjuvant. Vaccine Protection (Kato r56)

0.0 ug0%éhie Wldksd. DeptddRHUr8. &F UughdHoprotection of Swiss
Outbred CD1 Mice from Orientia tsutsugamushi Kato Strain
with Kato r56 Vaccine in the presence of Freund's

Incomplete Adjuvant.

5
Vaccdine Protection
{(Kato rké&)
0.0 ug 0%
0.8 ug 14%
2.5 ug 43%
8.0 ug 43%
25 ug 57%
IP challenge of Swiss ocuthred 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/
Kato (1,000 LD50;IP) | a/7% 0/7

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

monovalent, bivalent and trivalent pharmaceutical
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25 ugl57% 1 P chal l enge of Swi ss outbred CD1 mice Table 7: Efficacy of the
trival ent vaccine (KpKt Gnr56) agai nst honol ogous chal l enge of Kato
strain. Challenge Strain of Vaccinated M ce Unvacci nat 84 ®fEeber 2005

0. t sut sugar nushi (#survi ved/ total #) (#survived/total #) PBS7/77/7 Kato(1, 000
LD50; | P) *0 *Time to death was increased slightly i.nati on when
conpar ed%éoﬂ%%gci nated (PBS i njected) control mce. %’@g{f‘? nge of Sw ss
outbred CD1 mice. The inventors have disclosed efficacy data which 15
supports the use of one, two or all,fhree antigens in a . nonoval ent,

bi val ent and trival ent pharnmaceutical 39 31 October 2005 WO 02/083069

PCT/ US02/ 11379 40 conposition, imunogeni c conposition and vacci ne,
respectively. One of ordinary skill in the art will readily recognize that
DNA onl ycampmsstadbn, aiypnotogienionbymp@pprioacind oracgipei me- boost approach
using DNA in the S initial dose and protein in the follow ng dose may be
used foresprebiyedy ne.One ofsocrdhperplskiéd by HhfearkvEhtbr (s) that the
following five (5) categories_of bioactive substances canbi nati ons

t her eof ﬁ?ﬁfjjtltYei(chﬂ%%lzfr &PREt AV PHY SBBPRaSH 218 PRPEZi Riention: 1. r56

Karp prepared by ERURRMRE-boBBE dipidach®8sfiaf B! §RALAE by PROCEDURE | and

5 initial 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 ﬁithin the scope of

10 this invention:
1. r56 Karp prepared by PROCEDURE I and II
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 IT

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. Bach of the categories (1-4)herein above in
combination with other bicactive and

pharmaceutically-acceptable.

25
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conbination with r56 Kato prepared by PROCEDURE | and Il 15 3. r56 Karp

prepared by PROCEDURE | and Il in conbination with r56 G| 1liam prepared by
PROCEDURE | and Il 4. rKarp prepared by PROCEDURE | aRd Prtobep 2§a%o
prepared by PROCEDURE | and Il, rGIlliamprepared by PROCDURE | and I

and 5. Each of the categories (1-4)herein above in conbination wth other
bioactivé”%ﬁ@maﬁﬁarnaceuticalIy-aCceptabIe. 25 40 31 &YUHRHB0bs wo
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The pol ypeptide fromam no acid 81-448 (bolded) SEQID NO.: 5 was cloned

I nto PET24a expression vector. The total ## of amno acids are 368. 10 -
>G | | i am sequence nunber 25 524 as MKKI MLl ASA MSALSLPFSA €ateberrds
LECGPYGKVG | VGGM TGAE STRLDSTDSE GKKHLSLTTG LPFGGTLAAG MTl APGFRAE

L GVMYLRNIoAENEYGKCKY DSKGEI KADS GGGIDTPI RK RFKLTPPQPFfrisobAdBhes! ADRD
VGVDTDI LAQ AAAGQPQLTV EQRAADRI AW LKNYAGXDYM  VPDPQNPNAR VI NPVLLNI T
QGPPNVQPRP RQNLDI LDHG QARHLVWWGVT ALSHANKPSV TPVKVLSDKI  TKI YSDI KPF

ADI AG DVPD TGLPNSASVE Q QSKMQELN DVLEDLRDSF DGYMGNAFAN Q QLNFVMPQ 20
QAQRLLGRGR QLRAQATAE AVAAAAVRLL NGNDQ AQLY KDLVKLQRHA GVKKANMEKLA
AQQREEDAKNQ CGEGCDCKQQQG ASEKSKEGKG KETEFDLSM VGQVKLYADL FTTESFSI YA
GVGAGLAHREL e@l€inoBK DD K& h HT GWASGALa sBYABNAABGY 1 d¥ )/ DitdS3YF T EnGFEKI EEKYS

| NPLMASVIRL (RYNE 08An #1d smegBenaimy bf PhengensdGEGIH (Y 82ndod8@18) a36bp Pri nmer:
5 T T AYPLSPeGi€iG GAPANTEdn REckepArFid GUEsAgOmG GGEnA, T T T A G A
3" Nde 1°22. 1RSi-38E 56RGm (1929 / 1894) 36bp Prinmer: 5 ATGAGCTAAC
CCG~ GA 35 TCCAACACCAGCCTATAT TGASJ3 Ba.nHI 40

Ref er enctie Tadpgptide fom keten a4idNEShisdt doldad) NSEQ ID NO.:
5 was cloned into PET24a expression vector. The total # of

amino acids are 268,

10 >Gilliam sequence number 25 524 aa
MEKKIMLIASA MSALSLPFSA SAIELGEEGG LECGPYGKVG IVGGMITGAE
STRLDSTDSE GKKHLSLTTG
LPFGGTLAAG MTIAPGFRAE LGVMYLRNIS AEVEVGKGEV DSKGEIKADS
GGGTDTPIRK RFKLTPPQPT
15 IMPISIADRD VGVDTDILAQ AAAGQPQLTV EQRAADRIAW LEKNYAGIDYM
VPDPONPNAR VINPVLLNIT
QGPPNVQPRP RONLDILDHG QWRHLVVGVT ALSHANKPSV TPVKVLSDKI
THKIYSDIEKPF ADIAGIDVED
TGLPNSASVE QIQSKMOELN DVLEDLRDSF DGYMGNAFAN QIQLNFVMPQ
20 QaQQ00GRGEY QQOAQATAQE
AVAARAVRLL NGNDQIAQLY KDLVKLQRHA GVERAMERLA AQQEEDAKNQ
GEGDCKQQQG ASEKSKEGKG
KETEFDLSMI VGQVKLYADL: FITESFSIYA GVGAGLAHTY CGRIDDKDIXG
HTCMVASGAL GVAINAARGV
25 YVDLEGSYMH SIFSKIEEKYS INPLMASVGV RYNF
Gilliam Strain
1. Primer 56FGm (784 / 819) 36bp
Primer: 5’ T T A G C T ¢ Cc ¢ ClaTa 16 A
30 c A A TTOGCACCAGGAT T T A
G A 3
Nde I
2. Primer 56RGm (19298 / 1894) 36bp
Primer: 5’ A T G A G C T A A ¢ c c Glce A
35 T ¢ ¢ A A CACCAGOCOCTT AT AT
T @ A 3
BamH I
40 Reference: Tamura, A., H. Ikeda, H. Nashimoto, and N.

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



Chashi . 1992. Diversity of imunodom nant 56-kDa type-specific antigen(TSA)
of rickettsia tsutsuganushi: Sequence and conparative analysis of the
genes encodi ng TSA honol ogues 31 Cctober 2005 WD 021083069cPclrarsgfdi1379

50 fromfour antigenic variants. J.

Bi ol .

Chem 267,

12728- 12735 The

pol ypept iyls o gsqggp @am no aci d 81-453 (bol ded) SEQ I D NOgeraReshi¥s cl oned

I nto PET24a expression vector.

The

ot al

# of am no aci

s are 373. Kato

sequence nunber 21 529 as MKKI MLl ASA MSALSLPFSA SAI ELEGDEGG LECGPYAKVG
WEGM TGVE 10 STRLDPADAG GKKQLPLTTS MPFGGTLAAG MTI APGFRAE LGVMYLANVK

AEVESGKTGS DADI RSGADS PMPQRYKLTP PQPTI VPI SI

ADRDLGVDI P NVPQGGANHL

GDNLGANDI R RADDRI TW.K NYAGVDYMVP DPNNPQARI V. NPVLLNI PQG 15 PPNANPRQAM
QPCS| L NHRImRbH ¥/\4G Ty vENAMKPSYE sP| KVLISEKI V CheYRDBVKPEATRYAG EVPSD
PLPNSASVEQ3EQNKMQELND | LDEI RDSFD GCl GGNAFAN Q QLNFRI PQ  AQQQGREQXQ
QQAQATAQEA AAAAAVRVLN NNDQ | KLYK DLVKLKRHAG | KKAVEELAA

GGED 20
NKKKRGASER SORAGASKES K@ETHEREF abDi SV VDK (LyABRET TER EBI NAGLGAG

LAYTSGKI4DGBa s VEL 67T AN ASGRR BV AN rAAERY VBIE oBS YRMSASKa LEEKYS| NPLM

ASFGVRYNmIDE #ai®s Streid31. Primer S6FKt (785 / 820) 36bp Primer:

5 TTA

GCTGCACLATATGA CAATCGCGCCAGGATTTAGA 3 Ne

io0

15

20

>Kato

MEKKIMLIASA
STRLDPADAG
MPFGGTLAAG
PMPQRYKLTP
ADRDLGVDIP
DPNNPQARIV
PPNANPRQAM
QIYRDVKPFA
PLPNSASVEQ
AQQOGQGQQO
AAMARVRVLN
NEKKEKRGASED
KGKETKETEF
VDIKANTGMV

sequence
MSALSLPFSA
GKKQLPLTTS
MTIAPGFRAE
PQPTIMPISI
NVPQGGANHL
NPVLLNIPQG
QPCSTILNHDH
RVAGIEVPSD
IQNKMQELND
QOAQATAQEA
NNDQIIKLYK
SDAGGASKGE
DLSMIVGQVK
ASGALGVAIN

numbar 21
SATELGDEGG

LGVMYLANVK
GDNLGANDIR
WRELVVGITA
ILDEIRDSFD
DLVKLKRHAG

LYADLFTTES

529 aa
LECGPYAKVG VVGGMITGVE

AEVESGKTGS DADIRSGADS
RADDRITWLK NYAGVDYMVEP
MSNANKPSVS PIKVLSEKIV
GCIGGN?FAN QITQLNFRIPQ
IKKAMEELAA QDGGCNGGGD

FSIYAGLGAG LAYTSGKIDG

ASPGVRYNF

AARGVYVDIE GSYMHSFSKI EEKYSINPLM

25 Kato Strain .

1. Primer S6FKt (785 / 820) 36bp
Primer: 5’ T T A G C T G Cc A ClaTa w6 A
¢C A AT C@GCECCAGGATTTTHATGA
37 Nde I
30
2. Primexr 56RKt (1945 / 1910) 36bp
Primer: 5’ A T A A G C T A A C ¢ Cc G c A
T ¢ ¢ A A GACCAGCOCTO ATA AT
T G A 3f
35

Karp: Open reading frame (#556-#2151) and cloned sequence
for protein expression (#793-#1923)

556 ATGAA AAAAATTATGE TTAATTGCTA GTGCRATGTC TGCGTTGTCG
40 601 TTGCCATTIT CAGCTAGTEC AATAGAATTG GGGGAAGAAG GATTAGAGTG TGGTCCTTAT
661 GUCTAAAGTTE GAGTTGTTGGE AGGAATGATT ACTGGCGTAG AATCTGCTCG CTTGGATCCA
721 CCTGATGCTE AAGCCAABAR ACACTTGETCA TTAACARAATG GBCTGCCATT TGCETGGERACG
781 TTGGCTGCAG CGTATGACAAT CGCTCCAGGA TTTAGAGCAG AGATAGGTGT TATGTACCTT
841 ACAAATATAA CIGCTCAGGT TGAAGAAGGT AAAGTTAAGG CAGATTCTGT AGGIGAGACA
45 901 AAGECAGATT CTETAGGTEG GAAAGATGCT CCTATACGTA AGCGETITAA ACITACACCT



30 35 2. Primer 56RKt (1945 / -1910) 36bp Primer : 5 ATAAGCTAACC

CGGA TCCAAGACCAGCCTATAT TGAZ3 Karp: Open reading
frame (#556-#2151) and cl oned sequence for protein expled9stoher 2005
(#793-#1.923) 556 ATGAA AAAAATTATG TTAATTGCTA GIGCAATGIC TGCGITGICG 40 601
TTGCCATT AGTGC AATAGAATTG GGGGAAGAAG GATTAGAGTG LGRISGIRAT 661
GCTAAAGT G GITGG AGGAATGATT AGJGGECGTAG AATCTGCTCG CTTGGATCCA 721
GCCTGATGCTG AAGGCAAAAA ACACTTGICA TTAACAAATG GGCTGCCATT TGGIGGAACG 781
TTGGCTGCAG GTATGACAAT CGCTCCAGGA TTTAGAGCAG AGATAGGTGI TATGTACCTT 841
ACAAATATAA CTGCTCAGGT TGAAGAAGGT AAAGTTAAGG CAGATTCTGI AGGTGAGACA 45 901
AAGGCAGATT CTGTAGGTGG GAAAGATGCT CCTATACGTA AGCGGITTAA ACTTACACCT 31

Cct ober 260 oo fith ORGSR cRCTATAL G A 1d3F0 cotel 285 TedET GASAETACTCTATAATGCC
TAGAGATATN WMGWGMWWC TORTCHREGREGNCEICTCAGCAGCAAG

gﬁAAE§¥:gEE%§i%§EE A A TCGCTTGGT T

TN ATGGGOCTAT
, b e Foods TTGGAAATCC
AL R AR T NG GATAGATT oha TG GATRARAAAT GGAGECA
TTTGGTAGTSII SROATINCE RECEATANT CAGTATTERE BRAMATA ¢BRTTIOCT ABEBGTICACT CCTGTCAA
AGTATTAA&R wmq*mAmemFmWG AT TR EARASCFERSACT GATATAGC

Toare %‘E@Eﬁ%&%&& ﬁema&eﬁ%ggﬁ%

TAAAAT

TGEWGEAA&ﬁ.GﬁEﬁEﬁﬁ:&hyﬁaﬂﬁiﬁﬁﬂﬁk&ﬂﬁﬂﬁ@&ﬁ@&m:&5&imﬁﬁﬁ&ﬁ@ﬁ@@ﬁmAGCAAGCACA
GCAGCAGHEG SACHOTAGCCARGAGCANBENTRCAAGEACK: ¢824cdBEE(CAMMASASCAGTAGCAGC .

AGCAECT &or WMTWF@%AWW AR ISR CFATGATAISAAGAACT TGT
TAANTTOLS LA T R hoooAACAAGH
AGAAGAT fE‘AI:a CrhE GTETAGCAAT TAATGCTECT

2041 GAAGGTGTGT ATGTGGACAT AGAAGGTAGT TATATGTACT CATTCAGTAA AATAGAAGAG
20 2101 AAGTATTCAA TAAATCCTCT TATGGCAACGT GTAAGTGTAC GCTATAACTT C

25 -

30

35

40




15 1801 CAACAAGGAA CATCTGAAAA ATCTAAAP GGAAAAGACA AAGAGGCAGA GITTGATCTG

1861 AGTATGATTG TCGGCCAAGI TAAACTCTAT GCTGACGTAA TGATAACTGA ATCAGICTCA

1921 ATATATOCTG GTGITGGTGC AGGGITAGCT TATACTTCTG GAAAARTACATPRATAAGGAT

1981 ATTAAAGGGC ATACAGGCAT GGTTGCATCA GGAGCACTTG GIGTAGCAAT TAATGCTGCT

2041 ﬁ%ﬁ TGTGGACAT AGAAGGTAGT TATATGTACT CATTGAGHAR:ARRAGAAGAG 20
2101 AA AA2TCCTCT TATGCCAAGT GTAAGTGTAC GCTATAACTT C 25 30 35 40
31 Cctober 2005 WO 02/ 083069 PCT/ US02/ 11379 52 The pol ypeptide from Am no
Acid 80-456 SEQID NO.: 1 was cloned into PET 24a expression vector. The
total nunber of Am no Acids are 377. 5 The confirmed sequence for r56 Karp
by Chins (amno acid 80- 456). The corrected sequence is hiahlighted and
under | i g, PNYPECFRIE Eomy RN AQVEEEKAGKDSVCE FRABBVGAKDAP| RK -

RFKL TPPQRPRER| SpdRIFTG 2BRPREPREEOAOAREFC:NDEGRaABRF 2 ] grumber of

AW KNCAGHBYRVARFNDENGPMVI7NPI LLNI PQGNPNPVGNPPQRANPP
AGFAIEBNHQ/\RHLWGLAALSNANKPSASPVKVLSDKI TQ YSDI KHLA
Dl AGDVPIESERRNSAY RSP R

DLVKL QRHAG KKANVEKL AA EDAKN%(%%%SEKSKKmDK 15
EAEFDL SNf \?W%W%Q TR DY GCKDAPIRK
RFKLTPPQPTIMPISIADRDFGIDIPNIPQQOAQAAQPQOLNDEQRAAART
10 AWLKNCAGIDYRVKNPNDPNGPMVINPILLNIPOQGNPNPVGNPPOQRANDP
AGFAIHNNHEQWRHLVVGLAALSNANKPSASPVKVLSDKITQIYSDIKHLA
DIAGIDVPDTSLPNSASVEQ IONKMOELNDLLEBELRESFDGYLGGNAFAN
QI QINFVMPQOAOQQOGOEOQOOAQATAQEAVAARAVRLINGNDQIAQLYK
DLVKLQRHAGIKKAMEKLAAQQEEDAKNQGEGDCKQQOGTSEKSKKGKDK

15 EAREFDLSMIVGOVELYADVMITESVSI

20
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50 31 Cctober 2005 WD 02/083069 53 PCTI US02/ 11379 Kato: Open reading frane
(9557-2143) and cloned region for protein expression(##797-1915) is bol ded
557ATGA AAAAAATTAT GTTAATTGCT AGTGCAATGI CTGCATTGIC 31 October 2005
5601ATTGCCGTTTTCAGCCTAGTG CGATAGAATTGGGECGATGAA GGAGGATTAGAGTIGTGGTCC
661TTATG§F@6#6§]6I&§£AGT CG TTGGAGGAATGATTACTGGEC GTAGAAT CThG I 1EEGA
721 TCCAGCTGATGCTGGTGGCA AAAAACAATTGECATTAACA ACCTCGATGCCATTTGGIGG
781TACATTAGCTGCAGGTATGA CAATCGCGCCAGGATTTAGA GCAGAGCTAGGGGITATGTA
841CCTTGCGAATGTAAAAGCAG AGGTGGAATCAGGTAAAACT GGCTCTGATCCTGATATTAG
10901ATCTGGTGCAGATTCTCCTA TGCCTCAGCGGTATAAACTT ACACCACCTCAGCCTACTAT
96 1AATGCCTATAAGTATTGCGG ATCGTGACCTTGEGGTTGAT ATTCCTAACGTACCTCAAGG
1021 AGGAGETAATEACCTGRERG ATARECTHNEGFACE AATCAT ATTESCOSTGOT GAEGATAG
1081 GATGACEECET S GANGHAION (ATSZTUEEECT LEAST AT G GTTCCAGATCCTAATAATCC
1141 TCAGCCTAGAATCGTAAATC gAGT GCT. ATTAATTATT%% GGTCCGCCTAATGCAAA

151201 TCCTAGR CSANFCACKGRAGSCATCTTTT
1261AGTT%T%ETA@W@TG@&MTMWA@@@T@I@@'WMA@ATT

1321AAGT CRCTRIATR
144 18CAAGAATSbAAATAGATHAN AdrrdAstEaT: %&WMWA&EBWWATT@F GG
20150 1TAATCI?FTWW WW\WCWWA&AGGG
1561 GCAA GCAGC

1621TGITA

Sy

i -

1861TGT CGGCQQA@'EHEAA’ETJII’ Eﬁcﬁﬂ%’l’ﬁéﬁiﬁ&ﬂ' H@éﬁﬁl’ TME@A'ET@T@&&TATATGC
192 2RGGT CT TEGT GENSEISTY AR FAA TRACTE T RCIRRAGEATY GFECRCETTAAACC

1951 TAATACT HE] ATEER A SRt AT T Gk A CaOTCT

1681 GAAGCGOTCAT GCAGGAATTA ABAAAGOTAT GGAAGAATTE GCTGCTCAAG ACGGAGETIG
1741 TAATCGAGCT GOTGATAATA AGAAGAAGCG AMGGAGCATCT GAAGACICTG ATGCAGGACGH
25 1501 'TGCTTCTAAA GGAGEGARAG GCAAAGAMAC AAAAGAAACA GAGTTITGATC TGAGTATGAT
. 1861 TGTCQEGCCAA GTTAAACTCT ATGCTGACTT ATTTACAACT GAATCATTCT CAATATATGC
1521 TGETCTTEGT GCAGGEGTTAG CTTATACTIC TGGAAARATA GATSCGTOTGEG ACATTARARGC
1981 TAATACTGCT ATEGTTGCAT CAGGAGCACT TGGTGTAGCA ATTAATGCTG CTGASGGTGT
2041 GTATGTGGAC ATAGAAGGTA GTTATATGCA TTCATTCAGT AARATAGAAG AGAAGTATTC
30 2101 AATAAATCCT CTTATGGCAA GTTTTECTUT ACGCTATAAC TTC

35

40




2041GTATGTGGACATAGAAGGTA GITAAATGCATTCATTCAGT AAAATAGAAGAGAAGTATTC
302101AATAAATCCT CTTATGGCAA GITTTGGTGTACGCTATAAC TTC 35 40 31 Cctober 2005
WD 021083069 PCTI US02111379 54 G lliam Open readi ng BLaRetpks56289327)
and cloned sequence (#796-#1.899) is bolded 5
ATGAAAA% (AAATTGCTAGT GCAATGTCTGCATTGTCATTGCC
GITTTCA TAGAATTGGGT GAGGAAGGAGGATTAGAGT GTG
GTCCTTACGGTAAAGT TGGAATCGT TGGAGGAATGATTACTGGTGCAGAA
TCTACTCGCTTGGATTCAACTGATTCTGAGGGAAAAAAACATTTGTCATT
AACAACTGGACTGCCATTTGGTGGTACATTAGCTGCGGEGTATGACAATTG 10
CACCAGGATTTAGAGCAGAGCTAGGTGT TATGTACCTTAGAAATATAAGC
GCTGAGGT TGAAGT AGERMAADSRAAESST AGOAT R 0d ABFSEEFGAGAT Aldnd
GGCAGAT T CT CCAGHT €3 EACGACATACT CEIAMACST FAGRGGERTAAAC
TTACACCACCT CAGCCT ACT ATAATGCCTATAAGTATAGCTGATCGTGAT

GT TGAT
GCTTACTGTTGA

PCT/US02/11379

GTTATAAAT CCT GTATTGT TR
&CTAGACCTMWW
ATTTEGTAGT TR ‘

o4

ACTCCTGTCAAAGAL; .
AAAGOCATT TG Habiadihlcbicind i érbt A CEHROGERATACTHRETTIEC
CTAA' T' AGT CCARGTGTITGAACHBATAICAGABRARNATGCRGORICTATAC
GATGPA TTGCGARRIREETFCAAREISFFESTT o
TTTTGCTAATCA e
AGCAGCA ; ok
GCAGTAGCAGCA%&EE&@*M%MMAM?MM&WE&&
GCAGIITAT AT AAAGRT G ESRENA T CEAMBESTEATIBSABERCETEATET
AAAGCQATTTGCTGATATAGcTGGTATTGATGTTCCTGATACTGGTTTGC
CTAATAGTECATCTETCEAACAGATACAGAGTAAAATCCAAGAATTAAAC
GATGTATTGGARGACCTCAGAGATTCITITCATGEETATATGGGTAATGC
TTTTGCTAATCAGATACAGTTGAATTITETCATGCCGCAGCARGCACAGL
25 AGCAGCAGEGECAAGCCCAGCAACAGCARGCTCAAGCTACAGCGCARGAL
GCACTAGCAGCAGCAGCTGTTAGGCTTTTAAATGGCAATGATCAGATTEC
GCAGTTATATAAAGATCTTGTTARATTGCAGCGTCATGCAGGAGTTARGA
AARGCCATGGAAAAATTACGCTGCCCAACARGARAGRAGATECARAGAATCAA
GGTGAAGGTECACTGTAAGCAGCAACAAGGAGCATCTGAAAAATCTAARGA
30 AGGAARAGGCAARGARACACAGITIGATCTGAGTATGATTGITGEGCCAAG
TTAAACTCTATGCTGACTTATTTACAACTGAATCATTCTCAATATATGCT
GUTGETIGCETGCAGGETTAGCTCATACTTATGGAARRATAGATGATARGCEA
TATTAAAGGGCATACAGGCATGGTTGCATCAGGRGCACTTGGTGTAGCAA
TTAATGCTGCTGAGGETETATATGTGCACTTAGAAGGTAGTTATATGCAC
35 TCATTCAGTAARAATAGAAGACGAAGTATTCAATARATCCTCTTATCGCARG
TGTAGGTGTACGCTATAACTTC




AAGCCA' TGGAAAAATTAGCT GCCCAACAAGAAGAAGATGCAAAGAATCAA

GGTGAAGGT GACT GTAAGCAGCAACAAGGAGCATCTGAAAAATCTAAAGA 30
AGGAAAAGGCAAAGAAACAGAGT TTGATCTGAGTATGATTGT TGGCCAAG 31 October 2005
TTAAACTCTATGCTGACT' T' ATTTACAACTGAATCATTCTCAATATATCGCT

GGTGTT JAGCTCATACTTATGGAAAAATAGATGATAAGGA peq/usoz/i1379

TATTAAA GECATGEHTGCATCAGGAQ@ACTTGGTGTAGCAA
TTAATGCTGCTGAGEEWGWATATGWGEACTTAGAAGEWAGWTATATGCAC 35
TCATTCAGTAAAATAGAAGAGAAGTATTCAATAAATCCTCTTATGCCAAG  TGTAGGTGTACGCTATAACTTC
31 Cctober 2005 WO 02/083069 55 PCTI US02/ 11379 WHAT IS CLAIMED IS 1. A
reconbi nant pol ypepti de which conprises the am no acid sequence SEQ I D NO. :
1. 2. A vexprisi oanrMeo|3gepti de according to claim 1l wherein 5 the

pol ypept Ldet irecambehatidqeblepppesde ovhiphodugbricfesa ther antet edtidon- f usi on r56
kDa protein of Orientia tsutsuganushi. 3. A nethod for the refolding of a
t r uncat egequemeef 88Q 0ID N pr dssi on product of the r56 kDa gene of Orientia
10 tsutsuganushi wherein the nenbering anchor regions of the 56kDa gene
are reno¥ed récopbimimivlowertidy acoording M@ cldreilnwhpessinfi ¢ transl ation
start/stop sites are inserted into the reconbi nant construct in order to
permi cehe aclypepbldt nig a15e6pldedmsbaeedpoloyrectdel 5. A nmet hod
according to Claim3 wherein specific translation start sites/stop sites
are i nsekrwwatpdonemefusiggorbFnkbr roohsin et Qiangigol ynerase chain
reaction. 6. An expression system consisting of an expressi on vect or

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 Eo Claim 3 wherein specific
translation start sites/stop sites are inserted into the
regombinant 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 gystem 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

vactor of Claim 7 is selected from the group consisting of



20 wherein the DNA encoding the polypeptide of daimlis inserted. 7. The
expression systemof Claim6 wherein the expression vector is selected
fromthe group consisting of plasmid and viral expresSilofictebesrgf035 B.

An expression systemof Caim6 wherein the plasmd vector of daim7 is
selected fromthe group consisting of 31 Cctober 2005 56 pET, pMal. 9. An
expression systemof Caim6 wherein tR® viral .expression vector of Caim
7 is selected fromthe group consisting of adenovirus, ML3, herpesvirus,
vaccinia virus _and bacul ovirus. 10. Use of the polypeptide of claim2 for

t he manuf &tur @M% a nedi canent for i nduci ng an i mmune response to

reconbi nant, 4ty uagated 136 kBacknog Subigct. (Al Anuse.agsording to Claim

10 wherei n 't henedircanent nu valent forrulation conprising the

pol ypept i dgpiressGN WRCHcIN oW thadkher jankkgers eql2roAntagsayolipr detecting
anti body to scrub typhus conprising: Exposing a sanple froma subject to a
pol ypept i densisaiichgpelfy pelghiode rhei, ng1a,r akebdediexp, esaedinprodietisof a
truncated non-fusion r56 gene from Oientia tsutsuganushi in assay

equi pnent ansiebectiddvfirerm.t he group consisting of Elisa plates, dot-blot
matri ces, and hand hel d chromatographic_and flow through assay devi ces.

13. An asddy, UsEc&fdithg P@1€P§Pﬁﬂ%? Wﬁeﬁé@ﬁ“&ﬁefPéCSHBiWéﬁﬁfaﬁ¥P§6eptide i's

antl gen for. the datection of prlor exposure, o sarub Lyphys In subj ects.

recombinant, truncated r56 kDa in a subject.

11. A use according to Claim 10 whérein themedicament is a
multivalent formulation comprising the polypeptide in
conjunction with other antigens.

12. An assay for detecting antibody to scrub typhus

comprising:

Exposing a sample from a subject to a polypeptide,
said polypeptide being a refolded expressed
product of a truncated non-fusion rb56 gene 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.

13. An assay, according to Claim 12 wherein the recombinant
polypeptide is antigen for the detection of prior exposure
to scrub typhus in subiects.

14. An assay, according to Claim 12 wherein the
recombinant polypeptide of Claim 1 is used as antigen in an

enzyme-linked immunoscrbant assay (ELISA).



14. An assay, according to Caim1l2 wherein the reconbinant polypeptide of
Claiml is used as antigen in an enzyne-linked inmunosorbant assa

(ELISA). 31 Cctober 2005 57 15. An assay, according to3t1@¢h©QQrmﬁéQ%in t he
reconmbi nant pol ypeptide of Claiml is used as antigen in an indirect

i mmunof | uorescent (I11P) assay. 16. An assay, according to Claim 12, wherein
the reconbinant polypeptide of aimi/is used as antigen in a dot-bl ot
assay. 17. A reconbi nant pol ypepti de which conprises the Amino Acid

D NO: 4. 18. . nbi t tid di to dai 17
Sherein THo POl FHSAdE I o dedl EXBI S8V OREBFOARGE of &° truncat ad
non- T usi 09 LG, K R OLAIAOL G & A o 45Y! SU0RILENL: 19Hhe oF Lhe Kato
pOl ypeptl e for the nufacture of a nedl canent or 1 nducli ng an | nune

response tadieeefbinafhoritibunsabge 9ppkDaskaya subject. 20. Use of the
pol ypeptide of claim 18 for the manufacture of  a nedicanment for inducing

an I nmunelkespansestg, aecomnbingnto Clatmchfedwhd&bekbatha a subject. 21.
The use according to Claim20 wherein the nmedicanent is a nultival ent
vacci ne cospeibingnthecopsbgpeptiedefi Glaésnjuhet voadwishapbigpepiiides from
other antigenic Orientia tsutsuganushi strains. 22. A reconbi nant

pol ypept i #8RLER 88ABYises the amino acid sequence SEQ ID NO.: 5. 23. A

ecortt iagh Dl YBERLSS RSSO LB L R e L LD paly R co 15 @

Orientia 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.
19. Use of the Kato polypéptide for the manufacture of a
medicament for inducing an immune response to recombinant,
truncated r56 kDa in a subject.
20. Use of the polypeptide of claim 18 for the manufacture of
a medicament for inducing an immune response to recombinant,
truncated r36 kDa in a subject.
21. The use according to Claim 20 wherein the medicament is
a multivalent vaccine comprising the polypeptide in
conjunction with polypeptides from other antigenic Orientia
tsutsugamushi strains.
22. A recombinant polypeptide which comprises the amino acid
sequence SEQ ID NO.: 5.
23. A recombinant polypeptide according to Claim 22 wherein
the polypeptide is a refolded expression product of a
truncated non-fusion r56 kDa protein of Orientia

tsutsugamushi.




t sut suganushi . 31 Oct ober 2005 58 24. Use of the pol ypeptide of claim23

for the manufacture of a nedicanent for inducing an i mmune response to
reconbi nant, truncated r56 kDa in a subject. 25. A uséla@ebebphg2®®5d aim
24 wherein the nmedicanent is a nmultivalent formulation conprising the
pol ypeptide in conjunction with other antigens. 26. An assay for detecting
antibody to scrub typhus conprising: B&posing a sanple froma subject to a
plurality of pol ypeptides, said polypeptides being the refol ded expressed

duct f t - ion r56 i £ t sut hio
Besa -y edui BRENDE CBF GRo BPTTONIS RE Griaap ContPEt Fio Bt Sate Ates, |
dot - bl ot [ d , |
dovi cec. 27 RLBEr=0orie el O U ISROAICER R 5l AR ool

readi ng frangicaaRd &s5BNADEONSt huelpRkasm d vector encoding at |east one of
the Kato and G lliamopen reading frane for the manufacture of a

medi cament2 5.0 uzdueicg rad ngMmvn€laties ganshctreitr tept actsutsaganmisha. 28.
Use of a DNA construct plasm d vector encoding the Karp open reading frane
for the mnlftdeadestoffcammdditéemesenptréosinadtbiengoareptmide LBsponse to
Oientia. tsutsu%gnushh in a subject, wherein the subject also receives a
DNA  constTUGUTST4Sm ¥ Ec 6 eEnE6FAG St | east one of the Kato and

G ol OB BRI £, e 200 ENG SUSLLNEL obean o vect o

comprising:
Exposing a sample from a subject to a plurality of
polypeptides, said polypeptides being the refolded
expressed products of truncated non-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.

27.Use of a DNA construct plasmid vector encoding the Karp

open reading frame; and
a DNA construct plasmid vector encoding at least one
of the Kato and Gilliam open reading frame for the
manufacture of a medicament for inducing an immune
response to Orienta tsutsugamushi.

28. Use of a DNA construct plasmid vector encoding the

Karp open reading frame for the manufacture of a medicament

for inducing an immune response to Orientia tsutsugamushi

in a subject, wherein the subject alsc receives a DNA

construct plasmid vecteor encoding at least one of the Kato

and Gilliam open reading frame.

29. Use of a DNA construct plasmid véctor encoding at

least one of the Kato and Gilliam open reading frame for



31 Cctober 2005 59 the manufacture of a nmedi canent for inducing an inmune
response to Orientia tsutsuganmushi in a subject, wherein the subject also
recei ves a DNA construct plasmid vector encoding the Ehrpcopearré@@bng
frame. 30. Use of aDNA construct plasmd vector encoding the GIlIliam

pol ypepti de; and a DNA construct plasm d vector encoding at |east one of
the Kato and Karp pol ypeptides for the3fanufacture of a nedicanent for

i nduci ng an i mmune response to C}ientia t sut suganushi. 31. Use of a DNA
const ruct Iasnld vector e codln .the GlLliam olggeptlde for the

manuf act utéSofl e ad-Cafre R FoWe ﬁﬁﬂ@?ﬁgfaﬁ i PeSholte D arientia
t
S“tsugamf%@'pon%e £ oS B 8GRk o gﬁ%ﬂg&{ﬂﬁsﬁ bj e, ?‘h?ﬁ t(:a‘ﬂll@?dﬁkarp

construct Fasmd vect or enco eas one O 0 an

pol ypepti @% 53] e&eaqfsoar@l&éﬁegsgr BRA eba_s,ﬁkgcvegmémf@c%wrat_ | east
one of the Kato and Karp pol ypeptides for the manufacture of a nedi canent

for i nduciemgoaii nigmtiiee Kaeppopea retadOhygeframet sut sugamushi in a subject,
wherein the subject also receives a DNA construct plasm d vector encoding
the G I!i38m Poleypdpei GEA g8nsArvatcbhesooddt abakbay ancPessy oie reconbi nant
pol ypeptide whi ch conprises an Amino Acid sequence selected fromthe group
consi sti n§idf %@@ﬁ&é’esﬁedﬁb Red: 1, SEQID NO: 4, SEQID NO.: 5 and
conbi nati ons ther struct plasm.d Megtor, enc di ng at

| east one of th F8P8R§P8%aﬁéaEPE%?XﬁFgggoﬁB?ﬁ H9 186 15551 585 Cdes:  and

31 Cctober 2003pe kato and Karp polypeptides for the manufacture of a
medicament for inducing an immune response to Orientia
tsutsugamushi.

31. Use of a DNA construct plasmid vector encoding the
Gilliam polypeptide for the manufacture of a medicament for
inducing an immune response to Orientia tsutsugamushi in a
subject, wherein the subject also receives a DNA construct
plasmid vector encoding at least one of the Kato and Karp
polypeptides.
32. Use of a DNA construct plasmid vector encoding at
least cne of the Kato and Karp polypeptides for the
manufacture of a medicament for inducing an immune response
to COrientia tsutsugamushi in a subject, wherein the subject
also receives a DNA construct plasmid vector encoding the
Gilliam polypeptide.
33. A vaccine containing at least one recombinant
polypeptide which comprises an Amino Acid sequence selected
from the group consisting of sequence SEQ ID NO.:1, SEQ ID
NO.: 4, SEQ ID NO.: 5 and combinations thereof.
34. Use of a DNA construct plasmid vector encoding at least
cne of the Karp, Kato and Gilliaﬁ recombinant r5é

polypeptides; and




60 at | east one of the Karp, Kato and G |liamreconbi nant r56 polypeptides

for the manufacture of -a nedicanent for inducing an i mune response to
Orientia tsutsuganushi. 35. Use of a DNA construct pl3snPetoeerof0@ncodi ng
at least one of the Karp, Kato and G Iliamreconbinant r56 pol ypeptides
for the manufacture of a medi canent for inducing an inmune response to
Orientia tsutsugamushi in a subject, ®Hlerein the subject also receives at

| east one of the Karp, Kato and G |liamreconbi nant r56 pol ypeptides. 36.

Us f at | t f the K K i | : nmbi t. 56

Dol ypepti des 1 G (8 HariialiulE of A5 i CafBit Cf b PROGEL HGP AR P hrmune
des {61t _ e . Rdagr Hg°al"F fmun

aobives a DA con YR SR e Rl A sl OB PR Che Rar .

Kato and G |Iiamy eeRRiiRdNtan SGumPel ¥HRReplondes to36ridnpracess for produci ng
a reconbi nant pol ypepti de which conprises the follow ng steps: a)

transform ng a ydwesughnaathiyi ng the r56 insert into the expression host E.
coli BL21; b) inducing reconbinant E. coli expressing r56 with

i sopropyl et a- Uz hifogalladt oyredrositd® l@sRtg) vegtrhieencogiphasé and
propagated in LB nmedi um overni ght at 37C wi.th shaki n%' .C) ex %%ssi ng the
P56 pol ypetatie s GindiiGs Kot thodid® Bl iem corPHBEsentdy

< shevending e Spll 28l 6o B AL I T SRR AULLSY A1 Ter A
inducing an immune response to Orientia tsutsugamushi in a
subject, wherein the subject also receives at least one of
the Karp, Kato and Gilliam recombinant r56 polypeptides.
36. Use of at least one of the Karp, Kato and Gilliam
recombinant r56 polypeptides for the manufacture of a
medicament for inducing an immune response to Orientia
tsustugamushi in a subject, wherein the subject also
receives a DNA construct plasmid vector encoding at least
one of the Karp, Kato and Gilliam recombinant rb6
polypeptides.

37. 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;

b) inducing recombinant E. coli expressing rb56 with
isopropyl-beta-D-thiogalactopyraneoside (IPTG) in the
log phase and propagated in LB medium overnight at
37°C with shaking;

c) expressing the r56 polypeptides as inclusion bodies
(IB) in E. coli BLZ21;

d) re-suspending the cell pelleté in a 20 mM Tris-HC1

buffer (Buffer A) having a pH of 8.0 and contains 5




mM et hyl ene di am ne tetraacetic acid (EDTA) and 0.1 M of
phenyl net hyl sul fonyl fluoride (PMSF); e) disrupting the cells by passing
themthrough a microfluidizer 3 tinmes; f) centrifugi ngltBeteber g&@5aot at
8,000 x g for 30 mnutes g) extracting the pellets with 2 Mlar urea in
the said buffer of step d.; h) dissolving the pellets produced in step g
in 8 M urea containing 10 to 20 nmM DT@ for about 20 mnutes; i)
centrifuging the product of step h at 8,000 x g for 5 mnutes; j) applying

the clear supernatgnt fornmed in step | to _size-excluysi | ums,, TSK P3000
SW (2108 x50 nlnpthZhEEH FeRteRBobebirestt Sonnrkdi 6BDLE SBR R
equilibrated with u 1N42 T .pH 7.8 (buffer
B) k) pooling andmﬁoggi%ggggggeﬁpgg%ﬁgﬁgh %n?%ﬁg%ﬁgétﬁghE%EB pol ypepti de
onto the nO“'eé@haﬂgﬁu?EﬁﬁgCQhH”Helﬁglb§ 5Hbéi§ﬁbﬁﬁlmlihebu@hng the bound
r56 fornmed in steps with a’linear gradient of cl fromzeroto 0.4 Min
the said buffer Biteofahaut z30@ BotffleBinutes at a flowrate of 5
m/mnute; n refolding the r56 in the said buffer B by three sequenti al
dialysis with 6)Mentalfagingr theandl RRtofctred, 8y 88Pett HvEPY BH said
buffer A alone; 31 October 2005 62 n) conbining and dial yzing the peak
fractions of the ™BBt&§ainst 8 volunes of 6 Murea in said buffer A

g) extracting the pellets with 2 Molar urea in the
said buffer of step d.:;

h) disselving the pellets produced in step g in 8 M
urea containing 10 to 20 mM DTT for about 20
minutes;-

1} centrifuging the product of step h at 8,000 x g for
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 P400C SW (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)

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
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 ¢ M urea, 4 m urea and 2 M

of urea, respectively in said buffer A alone;



for 30 mnutes at 4*C foll owed by 2 changes of the dialysis solution and
di al yzing the product for 60 mnutes; o) dialyzing the product of step n
with 4 Murea, containing 0.3 micro Mof the oxidi zed3foPgiteberglQPat hi one
followed by dialyzing with 2 Murea in buffer A, p) dialyzing the product
of step o against said buffer A wth 2 initial changes of buffer, for 30
m nutes; q) dialyzing the product of 5163p p overnight at 4'C and r)
separating the product of step g. 38. A reconbi nant pol ypeptide prepared in

accordance wt im_ 37 whic onpri.ses.the Am nqa_Acid sel ect fromthe
group consi sti nbld %%@&ﬁgﬁcgnéaglag%ﬁén:g _f?lesﬁaalkp%ﬁacztlffn_sar? ggé ID NO :
5. 39. The reconbifgnt; palyert iWe afsOa B 38 WhiCh cemh $&Frelh@ Am no

Acid sequence SEQ ID NO.: 1. 31 Cctober 2005 5 10 15 . 20 25 WD 02/ 083069
PCT/ US02/ 11379  1¥4 rSEQUENGR talsSENG°c 1021 heagpy Vi cVehggd 205 Expr essi on

and refol ding of truncated reconbi nant major outer. nmenbrane protein of
Orienti a tsut sugamishiy<ik36» lexpres singn dofa iyz6 ngr athel pradidqir doecH0<140>
minutes;

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 saild 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.

. 38. A recombinant polypeptide prepared in accordance with
Claim 37 which comprises the BAmino Acid selected from the
group consisting of seguence SEQ ID NO.: 1, SEQ ID NO.: 4
and SEQ ID NO.: 5.

39. The recombinant polypeptide of Claim 38 which comprises

the Amino Acid sequence SEQ ID NO.:1.



<141> <160> 3 <170> Patentln Ver. 2.0 <210> 1 <211> 378 30 <212> PET
<213> Orientia tsutsuganushi 35 <400> 1 Met Thr Ile Ala Pro Ay Phe Arg
Ala Gu lle Ay Val Met Tyr lieu 40 1 5 10 15 45 Thr A$nOfteb¥hr28Pa dn
Val Qu. Glu Ay Lys Val Lys Ala Asp Ser 20 25 50 30 Val dy'du Thr Lys
~Ala Asp SphoM@bhod Y Gy Lys Asp Ala Pro Ile 35 40 55 45cfyGuzlYsoArg Phe Lys
Leu Thr Pro Pro G n Pro Thr Ile MetyPro Ile 50 55 GO 60 31 Cctober 2005 WO
02/ 083069 PCTI EJS02/ 11379 2/4 Ser Ile Ala Val Arg Asp Phe Ay Ile Asp lle
Pro Asn Ile Pro dn 565 70 75 80 10 Gn Gn Ala Gn Ala Ala Gn Pro Gn
Leu Asn Asp Qu G n Arg Ala 85

SEQUENCE LISTING

<110> Ching, Wei-Mei

5
<120> Bxpresgssion and refolding of truncated recombinant major
cuter membrane protein of Orientia tsutsugamushi
10
<130> expression of r56 protein and protect
<140>
15
<l4l>
<160> 3
©20 -
<170> Patentin Ver. 2.0
25
<210> 1
<211> 378
30
<212> PRT
<213> Orientia tsutsugamushi
35
<400> 1
Met Thr Ile Ala Pro Gly Phe Arg Ala Glu Ile Gly Val Met Tyr Leu
40

1 5 10 15

45 Thr Asn Ile Thr Ala Gin Val Glu Glu Gly Lys Val Lys Ala Asp Ser
20 25 30
50
Val Gly Glu Thr Lys Ala Asp Ser Val Gly Gly Lys Asp Ala Pro Ile
35 20 a5
55
Arg Lys Arg Phe Lys Leu Thr Pro Pro Gln Pro Thr Ile Met Pro Ile

50 .. 55 0
60 :




90 95 15 Ala Ala Arg Ile Ala Trp Leu Lys Asn Cys Ala Gy Ile Asp Tyr Arg
100 105 20 110 Vval Lys Asn Pro Asn Asp Pro Asn Gy Pro Met Val Ile An Pro
lle 115 120 25 30 125 Leu Leu Asn Ile Pro G n Ay Asn PloOasabpPro2(8P dvy
Asa Pro-Pro 130 135 140 A n Pro Arg Ala Asn Pro Pro Ala Gy Phe Ala lle His
Asn Hi's QuHaye06e45 150 155 160 40 G n Trp Arg His Leup¥glys¥iz& Y Leu Al a
Al a Leu Ser Asn Ala Asn 165 170 17545 Lys Pro Ser Ala Ser Pro Val Lys Val
Leu Ser Asp Lys Ile Thr G n 180 185 50 190 Ile Tyr Ser Asp Ile Lys H s Leu
Ala Asp Ile Ala Gy Ile Asp Val 195 200 55 205 Pro Asp Thr Ser Leu Pro Asn
Ser Ala Ser Val Qu dn lle @n Asn 210 215 220 60 31 Cctober 2005
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Leu

Thr
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