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INTRODUCTION

Rickettsia tsutsugamushi is a gram-negative bac-
terium and obligately intracellular parasite [7, 32]
which causes the human disease scrub typhus [4,
5]. The antigenic heterogeneity [11] of strains of
scrub typhus rickettsiae isolated from infected hu-
man [8], animal [21], and chigger sources [9, 21]
has been well documented by means of the com-

plement fixation test [2], plaque reduction assay
[1, 25}, and immunofluorescence tests [3, 20, 28].
The Karp and Gilliam strains of R. tsutsugamushi
grow well in embryonated eggs [22] or cell cul-
ture [17, 19, 23]. Procedures of tissue culture for
rickettsiae are similar to those used in virology,
except that the use of antibiotics must be care-
fully avoided and, in some experiments, the
monolayers must be maintained for long periods
of time. Maximum intracellular growth of the
rickettsiae occurred only in the presence of com-
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plex media capable of supporting proliferation of
host cells. Plaque formation by R. tsutsugamushi
has been reported in chicken embryo (CE) cells,
Vero cells, and imradiated L-929 cells [31]. Re-
cently, we have established an excellent cell line,
human embryonic lung cells [6] (LuMA cell), for
R. tsutsugamushi production.

Humans infected with scrub typhus rick-
etisiae produce serum antibodies to at least
eight rickettsial specific protein, including the
110, 58, 56 and 47Kd polypeptide. Among
these scrub typhus antigens [16], the 56Kd
which is major outer membrane protein and
58Kd protein [29] are major proteins in this
rickettsia and are the antigens recognized by
infected animals and human. Two antigens a-
bout 110Kd and 56Kd protein {24, 26, 27]
have strain-variable molecular weights, contain
strain-specific epitopes, and are possibly in-
volved in the strain-specific [12] protective im-
mune response.

Recently, application of polymerase chain
reaction (PCR) [13] to the diagnosis of in-
fectious diseases has been reported. This
method is very effective in case of difficulty
of immunological technique and isolation of
the causative agent. Here, we describe the pro-
pagation of R. tsutsugamushi in human em-

bryonic lung cells and the use of nested PCR
for identification of rickettsial serotypes. The
primers used for PCR were designed on the
basis of the DNA sequence of the gene en-
coding the 56Kd antigen, and serotype-specific
primers were used in the second PCR am-
plification.

MATERIALS AND METHODS
Rickettsial seeds and cell culture

The rickettsiac employed were R. tsut-
sugamushi Karp strain, with a history of 56 pas-
sages in embryonated eggs (56EP) and Gilliam
strain, with a history of 169 passages in em-
bryonated eggs (169EP). All rickettsiae were cul-
tured in LuMA cells. LuMA cells were obtained
from Mogam Biotechnology Research Institute
(MBRI). These cells were cultured in DMEM
(Gibco, USA) containing 10% fetal bovine serum
(FBS). After inoculation of R. tsutsugamushi,
maintenance medium containing 2% FBS was
used. LuMA cells were propagated as monolayer
cultures at 37C in a humidified atmosphere of
5% CO, in air. Rickettsial suspensions was added
to each monolayer after the growth medium had
been removed. The flasks were held at room tem-
perature for 1 hour, with frequent rocking to dis-

Table 1. The sequences of oligonucleotide primers used for Ist PCR

Oligonucleotide Region of
. Sequence .
primer nucleotide sequence
RTI 5’ CTTACACCACCTCAGCCTACT3 ’ Karp 396-416
Gilliam 399-419
Karp 777-797
RT2 5 ' GTCACTTAATACTTTGACAGG3 ’ ap

Gilliam 753-773

Table 2. The sequences of the oligonucleotide primers used for nested PCR

Oligonucleotide Region of
. Sequence .
primer nucleotide sequence
OLIGO KT1 5" ATTCCTAACCAGACCTCAGCA3' 459-479
OLIGO KT2 5 AACCATAGGCCCATTAGGATCS' 588-608
OLIGO RTI 5" CTTACACCACCTCAGCCTACT3’ 399-419
OLIGO GT2 5" ATTTTGCCGAGGTCTAGGCTG3’ 648-668
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~449 GA TTT ATG TAG GGC TTA ATT ATT AGC TTA AAA AAC TGT TGC TAT TTT AGC
“MSAG -T- --G CTT -AT -AT TAG C-- GAA AA- CTG TTG CTA -TT --G C-A -AA

-39 TAA AAA TAA AAG TTT GGG CAA GAA AAA TTA TTA ATA ATT GAA GGT AGT TG
B3P AT- - -TT T-- GCA A-A A-- ATT -TT AAT AAT TG- -GG T-G TTG TTG C-

-349 T TGC GTA AAA AGC TGT GTT ATG CTA TCT AAG GTT AAA TGT AGC AAG ATG C
-349 - AAA AAG TGG T-T -A- -C- --C TA- GG- T-A C-G T-- CAA T-T GCT AAT A

-299 TA ATA GAT AAT TAA TGT ATT TTC GAA CGT GTC TTT AAG CTA TAT ATA AGA
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-249 GCA GTA TTC TAT TGA ATA TTG TTT CTA AGT ATA TAA AAA ATA AAA ATA CA
-249 TGT TCT A-T G-A --T TGT C-T -AA G-T -TA TAT A-- --- TA- --- TA- AT

-199 T TTT ACA ATT GAT AAA ACG CTT TGA GCA CAT TTT TAA CAC AGT GTTTTA T
-19 - --A CA- TGG ATA --- CGC T-- GA- -CG ATA --- -T- ACA CAG TG- --T A

-149 AG ATT GTT TAA ATT ATT TTA CAA GTA CTA TTA AAT ATT AGT ATA CTA AAT

-149 TA GA- TG- -T- -A- TA- --T_AC- AGT ACT A-T --A TA- TAG TAT ACT --G
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o — - ——— -——— -_—— —— ———
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50 A TTT TCA GCT AGT GCA ATA GAA TTG GGG GAA GAA GGA TTA GAG TGT GGT C
B0G ~=- e s eee eem oo o T -G -=- GGA - --- S - -

100 CT TAT GCT AAA GTT GGA GTT GTT GGA GGA ATG ATT ACT GGC GTA GAA TCT
103 -- --C G- ~== === == AC ~m o= —me st eoe oo T G e o

180 GCT CGC TTG GAT CCA GCT GAT GCT GAA GGC AAA AAA CAC TTG TCA TTA AC
183 A-= === == =eo To- A= —o- T-- -G cA -om -ee =T es —em —em -

200 A AAT GGG CTG CCA TTT GGT GGA ACG TTG GCT GCA GGT ATG ACA ATC GCT C
203- -C- A == -s- o oo o T A -cA A - =G == --- =T  --A -

250 CA GGA TTT AGA GCA GAG ATA GGT GTT ATG TAC CTT ACA AAT ATA ACT GCT
BB -m mmm cmm st ot e e e een aee el el G oo oo GC -

300 CAG GTT GAA GAA GGT AAA GTT AAG GCA GAT TCT GTA GGT GAG ACA AAG GC
303G-- -=- === G-A == === -GC == T --= == AA- --- == -T- - -

Fig. 1.
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550 AT TGT GCT GGT ATT GAC TAT AGG GTA AAA AAC CCT AAT GAT CCT AAT GGG

547 == -A- --- -== -—= -== -— T- -C CC- G-T --- C-G A-- CC- AAT
600 CCT ATG GTT ATA AAT CCG ATA TTG TTA AAT ATT CCA CAG GGT AAC CCT AA
594 G-- -GA --- -—- -—= --T G-- --~ -=- -=- --- A-T --A --GCCA -~ -

650 T CCT GTT GGA AAT CCA CCG CAG CGA GCA AAT CCG CCT GCA GGT TTT GCG A
644 - GTA CAG CCT -GA --T -G- --A AA- C-- -AC -

700 TA CAT AAC CAT GAG CAA TGG AGG CAT TTG GTA GTT GGG CTT GCT GCA TTA
676 - -T- G-- ~-- -GT -G === --A === --- --= -== --T G-- A-—- --— -G

750 TCA AAT GCT AAT AAA CCT AGC GCT TCT CCT GIC AAA GTA TTA AGT GAT AA
726 --- C-- - -- i S SO ==z ==C -~

806 A ATT ACT CAG ATA TAT AGT GAT ATA AAG CAT TTG GCT GAT ATA GCT GGT A
L T o N G

850 TT GAT GTT CCT GAT ACT AGT TTG CCT AAT AGT GCA TCT GTC GAA CAG ATA

R ¢

900 CAG AAT AAA ATG CAA GAA TTA AAC GAT CTA TTG GAA GAG CTC AGA GAA TC
816 -~~~ G- == == === == =ee mee eoe Gem —=n == =€ -em == =T -

950 T TTT GAT GGG TAT CTT GGT GGT AAT GCT TTT GCT AAT CAG ATA CAG TTG A
96 - --- --= == -—= A-G --- e e e e mee e e ee-

1000 AT TTT GTC ATG CCG CAG CAA GCA CAG CAG CAG GGG CAA GGG CAG CAA CAG
973 - - - - - e - CAG --- --- Sem e emm e

1050 CAA GCT CAA GCT ACA GCG CAA GAA GCA GTA GCA GCA GCA GCT GTT AGG CT
1026 -== === mmm mem mmmmmm mmm el e o I

1100 T TTA AAT GGC AAT GAT CAG ATT GCG CAG TTA TAT AAA GAT CTT GTT AAA T
1076 - == --- -- - e

1150 TG CAG CGT CAT GCA GGA ATT AAG AAA GCG ATG GAA AAA TTA GCT GCC CAA
I c R R ---

1200 CAA GAA GAA GAT GCA AAG AAT CAA GGT GAA GGT GAC TGC AAG CAG CAA CA
I --

1300 AT CTG AGT ATG ATT GTC GGC CAA GTT AAA CTC TAT GCT GAC GTA ATG ATA
1276 -= —== === === === =T === eme —o= o= —o= —== == === T-- T-T -C-

Fig. 1.
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Karp 1350 ACT GAA TCA GTC TCA ATA TAT GCT GGT GTT GGT GCA GGG TTA GCT TAT AC 1399
Gilliam 1326 -== --~ --=  To- -e= se- oo oo e S R |
Karp 1400 T TCT GGA AAA ATA GAT AAT AAG GAT ATT AAA GGG CAT ACA GGC ATG GTT G 149
Gilliam 1376 - -A- -== == <m= == Gee= == mme —mm mmm e aes oo e e 1405
Karp 1450 CA TCA GGA GCA CTT GGT GTA GCA ATT AAT GCT GCT GAA GGT GTG TAT GTG 1499
Gilliam 1426 -- --= == === === sem me —em e e oo o oG me —cA —o- —o- 4TS
Karp 1500 GAC ATA GAA GGT AGT TAT ATG TAC TCA TTC AGT AAA ATA GAA GAG AAG TA 159
Gilliam 1476 --- T-- --- --- T S o T -1
Karp 1600 TT TTT CTT TAA AAT TAT AAA AAA AGC AGC TAA AAG TTC TTT ACA GGG TTT 1649
Giliam 1576 -- --C T-- A-- -T- ATA --- --- -AG CAG CT- --AG-TC-- TAC A-- G- 1625
Karp 1650 TTA GCT GCT TTT TCA GAG TTT TTT TAT AAT AAT AAA AAT AAC TTT ATT CT 1699
Giliam 1626 --T AGC TGC --- -TC AGA G-- --- -TAT-AT-A T-A -—-A TTA AC- TTAT- 1675
Karp 1700 T TGC TAT TTA ATT AGC TTG AAG CTT 1724
Gilliam 1676 C -TT GC- A-T TAA TTA GCT T-A AGC TT 1702

Fig. 1. The nucleotide sequences of the R. tsutsugamushi Karp sta56 gene and Gilliam tsg56 gene including
their flanking reions. The first base of the presumed sza56 gene and tsg56 gene initiation codons are numbered
0. The presumed initiation codon for the sta56 protein and £5g56 protein are denoted by a rightward arrow (5'
to 3"). Sequence resembling the consensus sequences for ribosomal binding sites (RBS) and promoter -10 and -
35 regions are underlined. (From Stover, C.K. et al., (1990), Infect Immun. 58, 2076-2084 and Ohashi N. et al.,

[1990], Gene. 91, 119-122).

tribute the inocula. The infected monolayers were
washed twice with Earle's balanced salt solution,
growth medium was added and the flasks were
incubated at 347C. The infected cells were har-
vested after 9-11 days.

Plaque formation

Rickettsial stocks were assayed using this
method and the results were expressed as the titer
in plaque forming units (PFU)/ml. The plaque as-
say procedure used in this study was the same as
that described in more detail in an earlier report
[34]. The infected monolayers were then covered
with an overlay of maintenance medium con-
taining agarosc at a final concentration of 0.5%.
All of the infected monolayers were incubated at
347T. A Second overlay was placed over the in-
itial overlay after 7 days, and incubating at 34°C
was continued for an additional 10 days. Plaques
were stained by an overlay containing 1% neutral
red.

Preparation of template DNAs

Monolayers of infected cells in 150cm’ plastic
tissue culture flasks (Costar, Cambridge, MA)
were homogenized with a Dounce homogenizer
in 5 ml of 10 mM Tris-HCl buffer (pH 8.0) con-
taining 0.1 mM EDTA (TE buffer), and the
DNA was extracted from homogenate su-
pemnatants obtained after centrifugation at 300g
for 10 minutes. To extract DNA preparation, rick-
ettsial suspensions were mixed with 1/10 volume
of 10% sodium dodecyl sulfate (SDS) (final con-
centration of SDS, 1%) and incubated at 47C for
16 hours. After the addition of 1/10 volume of
10-fold-concentrated TE buffer, the mixture was
further incubated with 3x crystallized chicken egg
white lysozyme (Sigma Chemical Co., St. Louis,
MO.) at a final concentration of 2 mg/ml for 30
minutes in an ice bath and then with proteinase
K at a final concentration of 0.2 mg/ml for 1
hour at 557C. The DNA in this lysate was pu-
rified by three extractions with an equal volume
of a phenol-chloroform (1:1) mixture, after the ad-
dition of 1/10 volume of 3 M sodium acetate and
followed by precipitation with 2.5 volumes of ab-
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Fig. 2. Rickettsia tsutsugamushi plaques in LuMA
cell culture. (A) Karp strain; (B) Gilliam strain.
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Fig. 3. Multiplication curves in LuMA cell cul-
ture infected with R. fsutsugamushi propagated in
embryonated egg yolk sac after different incubation
periods.

solute ethanol and resuspension in 50pl of TE
buffer.

Oligonucleotide primers for PCR

Oligonucleotide primers for PCR were pro-
vided by Korea biotech. Inc. (Table 1). The
primers used for 1st PCR were designed from
the DNA sequence of the gene encoding the
56Kd antigen [30] of the Karp and Gilliam
strains (Fig. 1).

Oligonucleotide primers for nested PCR

Oligonucleotide primers for nested PCR were
obtained from Korea biotech. Inc. (Table 2).

PCR

The reaction mixtures (50pl) were 1.5mM
MgCl,; 50mM KCI;, 10mM Trs-HCl, pH 8.3;
200pM each deoxynucleotide triphosphate, and
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Fig. 4. Cytopathic changes in LuMA cell culture
infcted with varying quantities of Karp strain of R.
tsutsugamushi propagated in embryonated egg yolk
sac.
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Fig. 5. Cytopatich changes in LuMA cell culture
infected with varying quantities of Gilliam strain of
R. tsutsugamushi propagated in embryonated egg
yolk sac.

contained 0.2uM of primer RT1 and RT2, tem-
plate DNA (2pl), and Amplitag polymerase as in-
dicated. The reactions were carried out for 40 cy-
cles using a DNA thermal cycler (Perkin-Elmer
Cetus, Norwalk, CT). Each cycle included a heat
denaturation step at 94°C for 1 min, followed by
annealing of the primers to the template DNA at
407 for 2 min, and DNA chain extension with
Amplitaq polymerase for 2 min at 72C.

For the second PCR amplification, the first-
PCR product (Spl) was amplified using oli-
gonucleotide primers of KT1 and KT2, RT1 and
GT2. The PCR amplification products were elec-
trophoresed in a 1.2% agarose gel, and were stain-
ed with ethidium bromide.
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Fig. 6. Agarose gel electrophoresis of genomic
DNAs of the Karp and Gilliam strains of R. fsut-
sugamushi. Lane 1, 1-kb DNA ladder as size mark-
er: Lane 2, Karp strain; Lane 3, Gilliam strain.

RESULTS
Multiplication curves in LuMA cultures

Plaques formed by R. tsutsugamushi in
LuMA cells after the 18th day of infection are
shown in Fig. 2. The plaques were about 1-2
mm in diameter with relatively little size vari-
ation. Fig. 3. presents results obtained by in-
fecting LuMA cells with R. tsutsugamushi pro-
pagated in embryonated egg yolk sac after dif-
ferent incubation time. At day 7, R. tsut-
sugamushi Karp strain PFU per ml was 10*®
and Gilliam strain PFU per ml was 107.1. The
PFU titer in Gilliam strain was lower than the
PFU titer in Karp strain.

Cytopathic changes

The host cells were infected with R. fsut-
sugamushi, showed progressive cytopathic
changes (Fig. 4 and 5). The rate and extent of
cytopathic changes depended on the rickettsial
concentration and the type of Rickettsiae.

PCR amplification of purified DNA

PCR was used to detect rickettsial DNA
(Fig. 6) by using the gene encoding the S6Kd

506 ey
396 2

Fig. 7. Agarose gel electrophoresis of PCR am-
plification products. Lane 1, 1 kb DNA ladder as
size marker ; Lane 2, Karp strain ; Lane 3, Gilliam
strain. The numbers beside the panels are sizes in
base pairs.

Fig. 8. Agarose gel electrophoresis of PCR am-
plification products by nested-PCR with serotype-
specific primers for Karp (Lane 2, Lane 5) and Gil-
liam strains (Lane 3, Lane 4). The DNA marker
used was a 1-kb DNA ladder.

antigen as a target. Using this PCR, purified
rickettsial DNAs from Karp and Gilliam
strains of R. tsutsugamushi were analyzed.
The predicted 408-bp DNA fragments were
identified by agarose gel electrophoresis with
template DNAs from Karp strains of R. tsuz-
sugamushi, and 381-bp DNA fragments from
Gilliam strains of R. tsutsugamushi (Fig. 7).

Nested PCR

After the first PCR with primers RT1 and
RT2, PCR amplification products were used as
templates in the second PCR with strain-spec-
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ific primers. The Karp and Gilliam sirains
were amplified by nested PCR with primer
pairs KT1 and KT2, RT1 and GT2. PCR with
Gilliam-specific primers was expected to yield
270-bp DNA fragment. PCR with Karp-spec-
ific primers was expected to yield 150-bp
DNA fragment. With Gilliam-specific primers,
the predicted 270-bp DNA fragment was iden-
tified as a band by agarose gel electrophoresis
with template DNA from the Gilliam strain.
However, no PCR amplified band was de-
tected when DNAs from the Karp strain was
used. Also, after PCR with strain Karp-spec-
ific primers, the predicted 150-bp DNA frag-
ment was identified as band when template
DNA from only the respective strain was used
(Fig. 8). These results indicate that PCR am-
plification with the primers is specific for each
R. tsutsugamushi strain.

DISCUSSION

As one of the attempts to select the adequate
cell line to be used for propagation and plaquing
of R tsusugamushi, multiplication of the rick-
ettsiac was followed up in LuMA cell [18].
Plaque formation was also achieved with both L-
929 cells and chicken embryo (CE) cells [33,34].
Plaques in 1-929 cells had its technical dif-
ficulties. Although chicken embryo cell cultures
have been used for plaque titrations of rickettsiae,
maintaimng of a sterile intact monolayer for the
incubation period required by the scrub typhus
group has been very difficult. This study has
clearly demonstrated that R. tsusugamushi  will
form plaques in LuMA cells [15] that are par-
ticularly suitable for the syudy of specialized as-
pects of rickettsial biology. Successful plaquing
in LuMA cells is an important observation for fu-
ture studies in vaccine development.

The nested PCR described here amplified
the rickettsial DNA, and the serotypes were
determined. Nested PCR [14] is a very rapid
and sensitive means of detecting R. tsut-
sugamushi DNA. Application of this method

to clinical specimens from acute-phase patients
suggests its usefulness for diagnosis of tsut-
sugamushi serotypes.

SUMMARY

We selected the adequate cell line to be
used for propagation and plaquing of R. tsut-
sugamushi in laboratory and identified R. fsut-
sugamushi serotype cultured in LuMA cells by
nested PCR. As in this study, we concluded
that.

1. LuMA cell was suitable for the study of
the biology of rickettsiae-host cell interaction.

2. The plaque-forming unit (PFU) per ml of
R. tsutsugamushi Karp strain propagated in
embryonated egg yolk sacs was 10** and the
PFU/ml of Gilliam strain was 10™.

3. The rate and extent of cytopathic changes de-
pended on the PFU titer of R. tsutsugamushi.

4, PCR with nested primer pairs was useful
for identification of R. tsutsugamushi serotype
cultured in human embryonic lung cells.
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