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=Abstract=

Infectivity of Orientia tsutsugamushi to Various Eukaryotic Cells and
Their Cellular Invasion Mechanism

Kyung-Soo Ihn, Seung-Hoon Han, Hang-Rae Kim, Seung-Yong Seong,
Ik-Sang Kim and Myung-Sik Choi*

Department of Microbiology, Seoul National University College of Medicine,
110-799, Korea

Orientia tsutsugamushi is obligate intracellular bacterium that grows within the cytoplasm of
the eukaryotic host cells. Therefore capability of the attachment, entry into the host cell and
intracellular survival should be critical process for oriential infection. In this study we investigated
the cellular invasion mechanism of Orientia tsutsugamushi and the role of transmembrane
heparan sulfate proteoglycan, which binds diverse components at the cellular microenvironment
and is implicated as host cell receptors for a variety of microbial pathogens. First of all Orientia
tsutsugamushi can invade a wide range of nonprofessional phagocytic cells including fibroblast,
epithelial cells and endothelial cells of various host species, including B and T lymphocytes.
Thus, it was postulated that the attachment of O. tsutsugamushi requires the recognition of
ubiquitous surface structures of many kinds of host cells. Treatments with heparan sulfate and
heparin inhibited the infection of Orientia tsutsugamushi in dose-dependent manner for L cell,
mouse fibroblast, whereas other glycosaminoglycans such as chondroitin sulfate had no effect.
Collectively, these findings provide strong evidence that initial interaction with heparan sulfate
proteoglycan is required for the oriential invasion into host cells.
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Figure 1. O. tsutsugamushi infectivity through in-
cubation time. Infectivity was the percent infectivity
(relative value of maximum).

2 NTCC 1469 M EF+ Z+7}; 46.2%9) 46.7%=
Zhd &M= E Aol E Bolx gston, HH
Yol ZFQ CAPE A £ 573%9) ZE&S
Ho] & Xo]l & Rolx| gioprh vbd AZ7AY
NEFZ B EZT AY V653 2 RPMI 8226 Al
EF9 T HZF AQ9Q El4 2 TIB4S HEF
BN E 22%04 69%2 *e 7rd &S v}
eyt

R A EG FFolAe 1929 Alxe] 7
T 8 oFe 33 dovh gBRIgAEFQ
CAPESA 46712 <7t w%on, =+ AL
FoXE 2370 0A L5718 ket BAH &
o] A& T A &gkl (Table 1).

3 A E A E£3< CHO-K1 ¥ MDBK A &3
AA 60% F =] #& FEE&S JeEleon &
A X391 Sarcoma 80¢]1} RAG A £ F A B
SA xS WElgH FHo BARl 65% o]
9 £ #AEE&S JeRAT 53] AAAH 2
3h}Ql glioblastoma A Q1 U327MG Al X o] A
= 741%2] #& 79 &S JeEh A (Table 2).

3. 4%0| e £ U AE u|R

L1929 A F7} &3 HAfolH XA A EF9
A whgx gl A EFO L929 A E 3o H] )
AV S MEZFQ W38 A 3o AL 74 g
L 66.7%R2o, ZAAELDE AlFTFE 1002 B
F st 0w fgxE fd A EFQ BHK-21

Table 1. Orientia tsutsugamushi infectivity to different cell type and origin

Kind of cell line Name of cell Host No. of Infected/ No.+ SD of
line (ATCC No.) originated No. of Count (%) orientia”
Fibroblast L929 (CCL 1) Mouse 224/401 (55.9%) 33+3.03
BHK-21 (CCL 10) Hamster 138/686 (20.1%) 2.5+1.77
WI-38 (CCL 75) Human 246/369 (66.7%) 10.0+8.08
Epithelial Hela (CCL 2) Human 416/900 (46.2%) 2.7+1.64
NTCC1469 (CCL 9.1) Mouse 353/756 (46.7%) 2.5+1.74
Endothelial CPAE (CCl 209) Bovine 344/600 (57.‘3%) 4.6+3.86
Lymphocyte V653 (B cell) Mouse 43/900 (4.8%) 2.1x2.09
RPMI8226 (CCL 155) Human 20/900 (2.2%) 23+1.62
EL 4 (T cell) Mouse 62/900 (6.9%) 15+1.16
TIB48 (T cell) Mouse 50/900 (5.6%) 2.0+1.67

*Mean number and standard deviation of Orientia tsutsugamushi per infeced cell
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Table 2. Orientia tsutsugamushi infectivity to different cell type and origin

Kind of cell line Name of cell No. of Infected/ No.+ SD of
line (ATCC No.) originated No. of Count (%) orientia®
Fibroblast L929 (CCL 1) Mouse 536/900 (59.6) 2.8+2.6
Epithelial CHO-K1 (CCL61) Hamster 534/900 (59.3) 24+19
MDCK (CCL34) Canine 245/900 (27.3) 1.9+13
MDBK (CCL22) Bovine 557/900 (61.9) 2.8+2.1
Epithelial-like PK15 (CCL33) Porcine 488/900 (54.2) 2.0+1.4
Endothelial ECV304 (CCL-1998) Human 606/900 (67.3) 41135
Fibroblast-like Sarcoma 180 (CCLS8) Mouse 409/600 (68.2) 29+21
Epithelial LC540 (CCLA43) Rat, Testis 535/900 (59.4) 1.9£1.1
Glioblastoma U327MG Human 667/900 (74.1) 6.115.9
Adenocarcinoma RAG (CCL142) Mouse 589/900 (65.4) 25+1.6

"Mean number and standard deviation of Orientia tsutsugamushi per infeced cell

Table 3. Effects of trypsin treatment on Orientia tsutsugamushi infection

Cell line

No. of Infected /No. of Count (%)

No. = SD of orientia”

L cell 516/900 (57.3%)
213/900 (23.7%)

L cell treated with trypsin

22+15
1.7+11

*Mean number and standard deviation of Orientia tsutsugamushi per infected cell

ANEFo] Aol & 201% 2 AEAEZ
O. tsutsugamushi TA)FE 257/ 2 25 it}
(Table 1). ¥bA AF| Al £ A Z 2] A EF AL 7)
oA G E Al EFQ MDCK A EFE A9 etn
< AHL PR, BaH 2 A (Y A9AE A
B AEF BFolA 22 2 AEJ & dojye
A& BASHA.

3 WA E A5 AZFA 7 Algoly}
A i HIAME AF AMEF B5dqAM 22
L AT Z dojyd) aH Y FTF AE A
T3 Afolle Al € npfx fE FEF A
X3 B Fa 9 3gje] g A EF0 b

3 A Yot} (Table 1, 2).
4. ERIAXE|E MEFoMe Exteix MY

O. tsutsugamushi®] W ko] T& AEF 2 AlE
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Figure 2. Effects of various glycosaminoglycans
on infection of O. tsutsugamushi. CS, chondroitin
sulfate A; DS, Dermatan sulfate; KS, keratan sulfate;
HA, hyaluronic acid; CA, colomic acid. Infectivity
was determined by 'infected cell counting method'.
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Figure 3. Effects of heparin and heparan sulfate at
various concentrations. O. tsutsugamushi were prein-
cubated with increasing concentrations of heparin and
heparan sulfate, and added to 1929, and infectivity
was analyzed by 'infected cell counting method'.
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