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=Abstract=

Sequence Analysis of Rubella Viruses Isolated in Korea and
Expression of Rubella Specific Gene

Jin-Won Song', Tae Hwan Kim?, Jong Hun Kim', Kwang Sook Park’,
Yong-Ju Lee', Luck Ju Baek'! and Ki-Joon Song'

"Department of Microbiology, College of Medicine, Institute for Viral Diseases,
’Korea University Graduate School, Korea University, Seoul 136-705, Korea

During the recent epidemic period (1995~1996), seven strains of rubella virus were isolated
in Korea. To analyze phylogenetic relationship between seven Korean strains and rubella virus
strains from other different geographical areas, structural genes (E1, E2 and C) of Korean strains
were enzymatically amplified and automatically sequenced. The sequence similarities of the E1,
E2 and C genes of the cosmopolitan types were 95.8~98.1%, 92.6~99.2% and 96.4~99.3%
based on 1,441, 122 and 139 nucleotides and 96.9~98.5%, 90~100% and 97.8~100% based
on 480, 40 and 46 amino acids compared to the sequences of strain RA27/3, respectively. In
contrast, the sequence similarities of the E1, E2 and C genes of the Asian types were 91.5~92.1%,
83.6~88.5% and 91.4% based on nucleotides and 96.9~97.7%, 85.5% and 97.8% based on amino
acids compared to the sequences of strain RA27/3, respectively. However, immunodominent
epitopes of the E1 gene of the cosmopolitan and Asian types were well conserved, and the growth
patterns in cell culture and immunofluorescent antibody titers in cross-reaction test showed no
differences between two different types. In phylogenetic analysis based on nucleotide sequences
of each gene regions, the cosmopolitan and Asian types formed two distinct phylogenetic lineages.
These data showed two distinct genotypes of rubella viruses cocirculated in Korea, but no significant
differences in the antigenicity of two different rubella virus strains were found.
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A|ZFBEE A 204) o] & 7t 7] A EH F
A, FnTHA, WA o] 277A)
3ol A thFatA FHo) Rl
SR ve) H 2 Togaviridaes} 2] Rubivirus o
2 EF5 0, lipid envelope 2t 60~70 nme)
T3 ulo]g] A= [8,13] virion core: capsid protein
21 C proteinoll E#] <] single-stranded, positive po-
larity 40S RNA genome-2 2+1 1t} [12). 3749] vt
o] P} A F-ZEH.S 24S subgenomic mRNA®) <) 3}
5-C-E2-E1-3 ¢2 2 Y3 3l5o] glon C protein
Q1 A+3lH 33 kd @} © 2 virion core FAAE
#4938 o}, Envelopeo] i transmembrane
glycoprotein®l E13} B2 ¥ £59] 2¥goz 7
38 6~8 nm Z7]9] spike7t EEFH o] glon o
F o 48171 9] ofn[Ato 2 A E E12 Y
A7 BH o2 xEFo] glo] MY 2 FUA
o % Q% epitope2 EF3tm ¢} [11,17,18].
Fxvtolgi 27} 19623 AT Y-S S AL
el 58 olef [14,19] ¥l 2 d =AM 2
TherienZ [4,5], M33% [2], HPV772 [20], RA27/3%
[9], Judith== [16] F-oll T3 FrixGo] N &3
2 Hayso] Fxvpelg] xo] Uit FHgH g
EAYESH A77t 7t&3E ok 2y $2
kel A Fzlutele o] e 2 Baaey
ATE 199699l A BuEHAow (1] 0 &
g FAwolH AT YAFES TS cos-
mopolitan type3} o] ¢}= 7.0~9.7% A =2] & 71X
d73e] Ao] & Hol & Asian type?] 27F4] {1 F
o2 FEHJT A B d7dM e 2714 #
APo g FRH: I EFE Wigtd 2
A A Aol & At LA 2 FLA
% 831 epitopeS £33l Y& ERvto)g A~ El
FHA E vlolyx FERIA-E coding 3= E2,
C F24 B9 B4 S B3l Iy &
gl FRutolgaFo) §AEH B4 3 A
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=
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AHgata gl WA F o) vm g Al Y
Aot
Mz U gy
1. Z2FIHo|2{ A Bt 2l BX

RA27/3% (ATCC VRI359)E EZF 52 A&
sdom T B F2E 19959 2 19963 F3
el 7ol £e| 739 £elF (Anam95, Anam
96-1, Anam96-2, Anam96-3, Anam96-4, Anam96-5
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2 Anam96-6)Z AF&-5+9] T}

wpolel 2 4Bl Be FAPEe) MY
ol 10' PFU/mMIZ 24 & 2} vtolgi s BEA S
Aeagon HRIBLAYE oS3 EE
F7 2 2elFae wepe ol g BHIHR
4 FEAL ZETT L FEFY MFESY
2 ICR miceo] E el AzSR 0 obeh} 2
o] P BIAF L AN P3ATh Y Eetol=
£ 1082 A QRN GL, ANSFAL5
(pH 7.4)2 29 A3 EHH S 7} wellol 7}t
I 37TNA 3087 WA A ARG SF
2 33 A3 Az & o]x3A| Q) FITC-conju-
gated anti-mouse IgG& £gto]| = 2} wellol] 25 pl
A& 7beta 37TNA 3082 WA F oA
JAAAZAdeod s/HF2 A, dx £ 93
& n| 7 (Axioscop, Zeiss, Germerny) &}ollA] 400u)
o &2 EolFHH S FAIHY

2. Zxidjo|a{A RNA & % RT-PCR

A Zuj ek AFZ o 150 plol} Ultraspec™ sol. 850
ple} chloroform 200 W& 713} 15% &< vortex
2 EFE F 4T 583 WA AT 4TAA
12,000 x g2 158-7F A 825l 4L FEHd
200 pl isopropanol®} 20 pl RNA Tack™ Resing 3
7Vate] 3027k vorex2 &35t a 187 A EY
ANAY AR EL 75% ethanolZ 23] Ao g
ZA1Z] & DEPC-ddH,0 20 W=Z |&FAIAA -70C
of B#stsict

cDNA 84S 93] 239 20 plo] RNA 8 pl,
0.1 uM primer, 20 unit RNase inhibitor, Superscript
II (GIBCO BRL, Gaithersburg, MD) 5 unit, 50 mM
Tris-HCI (pH 8.3), 75 mM KCl, 3 mM MgCl,, 1
mM DTT, 250 pM dNTPsE % I mineral oil& 3
7b&E F 95Tl A 383, 40Tl A 5083t ¥-E
Al G 4ol 2o

PCR ¥+ 50 plo) cDNA AHE- 5 ul, 50 nM 13}
primer -, 10 mM Tris-HCI (pH 8.8), 50 mM KCl,
0.1% Triton X-100, 2.5 mM MgCL, 200 pM dNTPs,
0.02 unit DynaZyme (Finnzyme OY, Finland)E {12
mineral 0il-2 % 7}3 % SingleBlock thermal cycler
(Perkin-Elmer Cetus)ol| 4] 353] F7]2 FZ314 ).
FEZ AHEE Frle AMA F71= 95T SE,
55C 1% 30%, 72T 3%, SE& 95C 1%
302, 55C 1% 30%, 72C 282 2 353 vtE3)
i, vpA g FI2E 95T 18, 55T 18, 12T
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Table 1. List of primers used in this study

Table 2. Rubella virus strains compared in this study

Name Sequence
E1 gene
R1761 5'-GGTGAAAGCCTCCTCGCCATAG-3'

F1789
F2376
R2187
R2606

5-GCTTTCACCTACCTCTGCAC-3'
5'-CACCGGCAATCAGCAGTCCC-3'
5-GTAGCTAGCRAGGGCGAACA-3'

5-CCCGGGTCACTTGCGCGCCTGA-
GAGCCT-3'

5-AGTGGGCTAGTGCGGGTTTC-3'
5'-ATGCAGCAACAGGTGCGGGAA-3'

R3225
R3249
E2 gene
R1322 5-GGCCCGCACCCAGACAAGAAGC-3'
C gene

F678 5'-CTACGCCGAGCAGGATTTC-3'

*The number in the primer name coresponds to the
nucleotide numbers of rubella virus structural protein
gene.

“Alphabet F and R mean forward and reverse, respec-
tively.

108E o} &3t B
Table 1o]] FA)&}s3 ).

Ao 14 primers &

3. 3Tdloj2 A HI|IML 2AT} deduced of
oM el 2y

ABI PRISM™ Dye Terminator Cycle Sequencing
Ready Reaction KitE A}-g-3lo] w89 20 ulg Ter-
minator Ready Reaction Mix 8 pl, 1 UM primer 3.2
ule} 30~100 ng template-2- 3 7}3} 3 mineral o0il S
7}8teq thermal cycler2 253] Z7)2 Z %y} =
ZFofl AFEG F7)= 96T 302, 50T 15%, 60T
4%-0] 5 AW 7] 96T 501908 4% po-
lyacrylamide sequencing geloll A 3000 V2 A=
3} ABI PRISM™377 DNA Sequencer= 7] 44
23 E B3

LaserGene program (DNASTAR, Madison, W<
AH8-8to] FRnto] B 25 9) cDNA G714 A}
deduced o}r| =AM E & 7] &0l Feizl WAlE B
ol X 228 wlol2j AF52] (Table 2) & 7] 4
9 % deduced obr| AL G} ¥l EA G2 A%

=]

4 & APstgoh
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Strain Place of origin ggﬁ:ﬁgi
RA27/3 USA 1964
Therien USA 1964
Judith UK 1962
Thomas UK 1966
To-336 Japan 1967
TCRB19 Japan 1967
Matsuura Japan 1969
Al ~ Japan 1976
A2 Japan 1977
A3 Japan 1987
A4 Japan 1987
AS Japan 1990
A6 Japan 1990
M Japan 1987
CcT Japan 1987
YT Japan 1987
HS Japan 1987
NC Japan 1990
WK Japan 1991
SM Japan 1991
BRD2 China 1980
379 Hong Kong 1980
C3130 Hong Kong 1985
Anam95-1 Korea 1995
Anam96-1 Korea 1996
Anam96-2 Korea 1996
Anam96-3 Korea 1996
Anam96-4 Korea 1996
Anam96-5 Korea 1996
Anam96-6 Korea 1996

4. ZZldloj{ Ao R &y

El gene sequenceol] 4] 1787~3225 91X <) &A=}
F-$12 22 EcoRI, Notl #1384 Q148971 g
= 19| primerg AH4-3t9 FZ3 3 T4 DNA
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ligase (Promega, Madison, WI)& A} &3} pT7
blue T vector (Novagen, Madison, WD)} A4 3l31
DHS5o. (Promega, Madison, WI) ti -3 3o 843
3A171 %, EcoRL Notl A|3+&E A2 E1 -§34 419
S FA5sh o] <A colonyoll A E1 &
AAE dEFoz d& &, g wE pGEX-5X-3
(Pharmacia, Uppsala, Sweden)o] thA] €438} 11, DH
Soc FAR G Aoz Aol ged
A Z% DNAE 23 &3 BL21(DE3)pLysS=
ol FARHAI L, PTCE HAEFE 1 mMol
NS Prbste] 347 B A YA e &
E3tHch 2d " 9eiA e gluthathione-sepharose
4B (Sigma, ST. Louis, MO) affinity column® 2 %
YA g Z 10% SDS-PAGE geloj] A 23 -2 #9)
3tk o] 10% SDS-PAGE gelite] dhulal2 Xeell
HTM Mini-Cell (Novex, San Diego, CA) transfer mo-
dulec]] A 150 mAZ 3A] 7+ =<t nitrocellulose (NC)
membrane (Schleicher & Schuell, Keene, NH)el &
7l ¥, 5% skim milk (DIFCO, Detroit, MI)=Z )}
blocking 3} %1 ©}. Blocking® NC membraneE hu-
man anti-rubella Ab 1:320 3] 8oz (A7
¢+ W& A Z1 &, washing buffer (TBST; 50 mM
Tris (pH 8.0), 250 mM NaCl, 0.05% Tween-20)&
33] MojF ., peroxidase labelled anti-human Ab
(Sigma, ST. Louis, MO) 1:10000 3}A g o 7 30
Z Mg A AT Bee] Bl e BOL kit (Amers-
ham, Cleveland, Ohio)S A}§-31% 2™, 7149 ECL
|4 17 28 FF 4L ¥, NC membraneS 1
£ Z MM cassetteol] 2 o] CP-blue film (AGFA, Be-
Igum)el HAIZE w2 A7) T, Aol BT
Q.
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1. 3THoA A~ et U S

FvtelE 2 4wk vl mA AN 10° PFU/
ml®] FUE vrelgf A 4L HEFy BY 22
o A 4L 7t M g7 T BAF nlo|H A FAAE
cosmopolitan typeo]] <3} RA27/3% 9} Anam
96-5F+= Z+7Z} 2x10* PFU/mi 2 0.9 % 10° PFU/ml
019121 Asian typee] 43}l Anam96-13%= 12X
10° PFU/mlo| Qic}h. wha}a) 2 £2]29) Anam
96-179} Anam96-5F+= 72}7] O & 13 o] 43
b SAF T 2ol & Gehilx ke whd ¥
FTFY RA2TBFE 22 FAY ] 3 B3
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2. 22|LtElolA )
Heyel 54
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ZTdtolH A9 AT

El #-A A& coding £-9 ARl 1443 bpE, E2
FARE 5 AARS 122bpE, C HAAE I T
@59 140 bpE AT S et ¥3x3)
E A8 A Gr1MEY 3L 4 fAA
2ol #A glo] cosmopolitan P Asian type®] 27 C
2 TEHJen Fy £ F a3l El, E2
2 C FAR T A 91.5~99.6%, 83.6~100%
2 89.2~100%9] }54< Jer At $-8l et
oA ExubAN o g 7} go] AFEH 3 Ye
cosmopolitan type2}] RA27/359} vl mA] =+ ¥
2] % cosmopolitan type ©. 2 ¥ ¥ Anam96-2,
Anam96-3, Anam96-5 2 Anam96-65-% zt §-4 At
oA 95.9~96.3%, 92.6% L 96.4~97.1%2}
AEA4E B9 A Asian type 2 B4 E Anam
95-1, Anam96-1 2 Anam96-45= z}Z} 91.5~91.7%,
88.5~87.7% 2 91.4%2] Aoz ¥ FEA
= YRl 3 B SN TdE = Ho)
£ Y E-Eo] transition©]) 21 3 codon 9] =} A} ol A
A el Wol7} 2 B84 o1 deletiono] 1}
insertion 2] frame-shift o] &= W2 X Lgir)
Asian type¥} cosmopolitan typeZtol] X}o}l & Ho|&=
5ol ¥lol5e 7} {A A FjolA 2370, 117]
2 10747} #FH R 2™ 5L T Asian typed} cos-
mopolitan type Wl M= S} B2 59 o5 £
FZtol) Apo] & Kol Wo| 7t Asian typetol &
24 7b539E Bl 4204 29014 13747}, cos-
mopolitan typeZtoll &= 2t F-A A} F- ol 24z} 47
o] F&A= Q). Asian type @ cosmopolitan type
o g0 Aol ) BAFAN T B E
D&% o)7L BL Y C 4 29014 22t 1)
4 Sol3A BAH AL

3. f2LiRlolM 22IF EZstol2Ag ofn|
ARG S

E
=T

SFEivtetel A Eeld Fzntelg 2 E1, E2 &
C HAAY 471 E8E& EXf 2 deduced o}r] At
MNE-S EMEHT El g e ARE ¥ihele
481 amino acidZ, E2 -2 amino-termial ¥-9} 40
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amino acidE-

b
amino acidE &

A3 D3l E o} (Figure 1). $-2)v et cosmopolitan type®] T-¥-o] 7}581H 21t capsid &

C §RAAE caboxy-terminal %-9) 45 < E1 2 E2 9y o] 7 9o Asian type 2
o £Xshe Fute] 2 on = dME e {3 #o) C @ e} 3¢l = Qu e Ajo)rt B

Majority EEAFTYL(TQPGCATQTPVPVRLAGVRFESKIVDGG(FAPNDLEATGACICEIPTDVS(EGLGAKVPTAPCARIWNGTQRR(TFWAVNAYSSGGYAQLASYFNPGGSVVKQYHPTRCEVEP

RA27/3CUSA)
Therien(USA)
HPYZ7(UK)
Thomas(UK)
Al

AL
A

Matsuba
Watsuura
NC

SM
Takahashi
TCRB19
To366

Anon96-3,5,6
€3130(HK)
379(HK)
BRD2(China) B
Anaw96-1(Asian) .
Anam96-4,95(Asian)

Majority AFGHSDAA(WGFPTDTVMSVFALASVVQHPHKTVRVKFHTETRTVWQLSVAGVS(NVTTEMPFCNTPHGQLEVQVPPDPGDLVEYIMNVTGNQQSRWGLGSPN(NGPDWASPVCQRHSPDC

RA27/3CUSA)
Therien(USA)
HPVZ7(UK)
Thomas(UK)
Al

Matsuba
Matsuura
NC

M

Takohashi
TCRB19
To366

WK

v
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<€3130CHK)
379(HK)
BRD2(China) .
Anan96-1(Asian)
Anam96-4 95(Asian)

Majority SRLVGATPERPRLRLYDADDPLLRTAPGPGEVWVTPVIGSQARKCGLHIRAGPY GHATY EMPEWTHANTTSDPWHPPGPLGLKFKTVRPVALPRALAPPRNVRVTGCYQCGTPALYEGLAP

RAZ773CUsA) ..., V... . R
Therien{USA)
HPVZ7CUK)
Thomas(UK)
Al

Matsuba
Matsuura
NC

M

Takshashi
TCRB19

To366

WK

v

Anan96-2
Anon96-3,5,6
<3130(HK)
379(HK)
BRD2(China)
Anam96-1(Asian)
Anam96-4 95(Asian)

Figure 1.
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Majority

RA27/3(USA)
Therien(USA)
HPVZ7{UK)
Thomas(UK)
A1

Matsuba
Matsuura
NC

SM
Takahashi
TCRB19

Anam96-2
Anan96-3,5,6
<€3130CHK)
379(HK)
BRD2{China)
Anam96-1(Asian) ..
Anaw96-4 ,95CAsian) ............

B

Majority GLQPRADMAAPPAPPQPPRAHGQHY GHHHHQLPFLGHDGHQ

RA27/3(E2)  ............ L N 121
HPY77CE2)  ............ Moo 121
Therien(E2) TL. 121
DeO156(E2) 121
X05259(E2) 121
96-2(E2) 121
96-5(E2) .- i
96-6(E2) . .- 121
95-1,96-4CE2) ... LA 121
96-1(E2)  ....... I....... ALG..Koooooool 121

Majority

RA27/3(0)
HPY77(C)

The
Xes
96-
96-

96-6

95-

APLPPHTTERIETRSARMPHRIRFGAPQAFLAGLLLAAVAVGTARA

rien(()
259(C)
2(0)
5¢C)
) ..
1,96-1,3,4(0) ....

Figure 1. Amino acid sequence alignments of E1 (A), E2 (B), and C (C) genes of rubella viruses from the

different geographical areas

A kst obm AN GG A T Bl F A
B3F9) EL E2 3 C &) 299 FFHL 979~

99.8%, 85.0~100% % 97.8~100%°) o, T =
T5< RA27/35 9} ¥wA] ) 23] F F cos-
mopolitan typeF= 2} @ F-9j ol A 97.9~98.1%,
90.0% % 100%] }E4& B ¥FA Asian type
F 47 96.9%, 85.0% L 97.8%2] AEA S v}
Bl 91t} Asian type¥} cosmopolitan typeZlell xb
ol & Holx Bolg Wo|EL zF ¢yl Koo
170, 470 2 UR7F BEHA o0 Y Asian
type™} cosmopolitan type W ol X = ) ¥ F
o} 95 F7F3te o] & Kol Wo)7) Asian
typeZtoll e ¥4 7t E1 @8 -9 o)A
571 7}, cosmopolitan typeztoll &= E1 2 E2 Tl o
Ae U 2 207 328 vbd ¢ B BN
= o2 g Wolst TEE R ggir).

FAddel F3 El 9 ofn =X d &
47)¢] 1% 2 epitope )= Asian type¥} cosmo-
politan type®] FEglo] 25 & HA o] glle
™ E1 o] 3319 L2 EA o 4 % alpha-helix o}
beta-sheet] 7] A3 W3into] Tats gl on Ant
Al gl Ao oud F2 9 54

=4

v‘i—
L

> 4 | =y
A o

R

il
o~
T
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o}

E3igsy

o 9¥e F& T2 Hde BFHA
(data not shown).

4. Fxldto[2{ A2 AHlETA

FAntol2{ 2~ El, B2 B C f33te] 471ME S
EZ AEEAE AP 25 (Figure 2) 1995~
1996 d ol F-Elvheto A f3Pg FRlutelg 2=
Asian type¥} cosmopolitan type2] ¥ A ETOE
YelA PEHQUT. ol o 2o TAF A< o
ANA F FR Fnole| 2t FEI}E TS
2FAQAAN B8 F FAutolg 2FAM =
Faged o $2 FaFse 3 paF
o ABEAAAA 74 DAY QBRI L ek
2Ach E1, E2 2 C 2uo] ot E & ET R
A2 g AlB-RA oA = E2 B ol ATt Asian type
3} cosmopolitan type 5 A BT TEo| #AE
o™ El 2 C o] A &= Asian type3} cosmo-
politan typeo] E£}3}= St o = REagc).

5. Zxuto|{A E1 fAXle| Wl

FXutol B 2 Al FEH

= I3 FERute)2] A~ 9] El 29 & GST fusion

oA Asian typeol] &3}
o
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Ad(Japan)

A2(Japan)
A3(Japan)
Al(Japan)
©3130(HK)
Anamgé-2

Therien{(USA)

TCRB19(Japan)
Thomas(UK)
Matsuura(Japan)

To366(Japan)

RA27/3(USA)
AS5(Japan)

‘ AB(Japan)

Anamg6-1
_____l_:?;nam964,Anam95-1
379(HK)

‘—————— BRD2(China)

7.7

T T T 1

6 4 2 0

SM(Japan)
YT(Japan)
HS(Japan)
CT(Japan)
IM{Japan)
WK(Japan)

NC{Japan)

Anamg6-3, -5, -6

Matsuba(Japan)
Takahashi(Japan)
HPV77(UK)

B RA27/3(USA)
__I:l— Therien(USA)
D00156
l Anam96-2

Anamgé-5
Anamg6-6
HPV77(USA)
i X05258
—

Anamg5-1,Anam96-4

Anam96-1
9.8

o

HPV77(USA}
X05259
RA27/3(USA)

Therien(USA)

Anam96-2
Anam96-5

l Anam96-6

Anam85-1,Anam96-1,Anam86-4

6.9

I T T 1

6 4 2 0

Figure 2. Phylogenetic trees based on E1 (A), E2 (B), and C (C) gene nucleotide sequences

Figure 3. Analysis of prokaryotically expressed par-
tial E1 protein. Lysates either before (lane 2) or after
(lane 3) induction with IPTG were fractionated Coo-
massie blue (Panel A) and transferred to nitrocellu-
lose, reacted with goat anti-rubella serum (Panel B).
M: molecular weight marker, lane 1: negative con-
trol (vector only)
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94 08 e pGEX5X-39) cloning 3% 11, &3
BL21(DE3)pLysSell 4] GST-E1 fusion TH 2 &
AA A Hd A& GST-affinity chromatogra-
phy= 7| 3he] SDS-PAGEAo] A wujze] 77|
=9} o 3= = 81 kDa2] BAHE gelsiy o
2 oA antigeno 249 AEGH 75
&l gel 2lof A western blotting2 A] 3 3+ A1}
anti-rubella Ab9} Eo)lH o7 ul2 a8 stolaly
o} (Figure 3).
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FAlvtol el 2t Ao o) 19620 3

&+ FEHYR oY O2F F2 0|2, g F, i
A FRmte) 29 1A gl @ wast Y3

[o]
dEE

HAx FHZof| Ao A €] gk ofao}x) o 9]
Tutol2 2 G7IA G Ui A7 Aot i w
ol Fntel 2] T FAYo] XA HA
o [3,7] FElveEtl A Beld Fhulelg A =
cosmopolitan typeo] £3}= EZulo]lHYAFEL
vgeolvt FEoA B Tl AFE R
e 42 3 EFoA 228 cosmopolitan type
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3} 5} 9 S ABAE Hol T Utk ol HF A
G¥go] Be FAvleld 255 SHE e
A7 AT E Uehtz Jom 196995 o) &
g B ol Fo] TS FasA B

EEHS ol A = 9 ¥ YBA
1960 o] 228 FAHlo| 255D 1 o) %
o $IE FsAsFEE AU 2] 5

—=TTE=
AsTez 2d99 19708 o3 Bag

%11 vl AFEq AT 1970 o) 9} 19901 o) o))
TEJEI FHulo] Y AFEL X9 wa) Z}r) o

EATTLE UFolAE 54 BAY. £
‘4“1}"1]*1*?: 1995 of| X o} v?l“]’q 2 2-0] F¥7}
o] FolA Axe] ME W3 & F glevt cos-
mopolitan type2] 7 $- 7}71-& LB 3} v wA] 1960
Aol £2j8 Futely 2FE Hike 19809
o 2 19909 o] $2)Y EAulolg ArED B
o 2 Ao A

2 1995~19961d FA thfa Al o) F2 uto]
22 WMol o) o A U39 s
ol AZ1E ¥t ARt FAutolYg A WMol T
317:]5]; @t 747 AT H oz Aol B

ol F o9 FRutolglazt BAl) FHF A}
ol #H¥H7IE st o B AT Axjo A g
Ad upel Zo] HFPo] 2 FAulolg2E
HE A gttt gAYl F 83 E1 #A129
71448 £ olA} Asian type?} cosmopolitan type
bol oF 8%2] ol &o] BAHY o} opu| At
1%”01]/‘1\_ e 2% o] Atojgto] HAHY

3, HYstE o 2 g%l epitopeEol F B AL o
9\15\’1 ™, E1 ©¥ 9] 33}9] 7R M ofn|
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