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The integrins avB1, avp3, avf6, and avB8 are known to be the natural receptors of
foot-and-mouth disease virus (FMDV). Among them, integrin avp6 is considered a
major receptor for FMDV. We performed protein expression of full-length bovine
integrins av, B3, and B6 and confirmed the high efficiency of bovine avp6 as the
FMDV receptor in FMDV non-permissive SW 480 cells. Next, we established the
black goat kidney (BGK) cell line, stably expressing bovine integrin B6 (BGK-p6-4).
We observed that BGK-B6-4 cells had significantly enhanced sensitivity to FMDV
compared with that of BGK cells (/40.05). In addition, BGK-B6-4 cells had equal
or higher sensitivity to several serotypes of FMDV compared with that of other
FMDV permissive cell lines, such as BHK-21 and IBRS-2. In conclusion, we
established a promising novel goat cell line, BGK-B6-4, which can be used to
isolate or culture FMDV. Furthermore, the BGK-B6-4 cell line may serve as a
promising tool for studying integrin avp6 receptor functions.
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INTRODUCTION

T (Foot-and-mouth disease)2 4, =iZ|, &5 Z&et A7 s20 ZdE== A
Of& 7 OfR 2 21H0|CH (1), 2QAUX|Q1 A SHI0|2{ A (Foot-and-mouth disease
virus) = O, A, Asial, South African Territories 1, 2, and 3 (SAT1, SAT2, and SAT3)
o 7712 EHFE TIAD UL, ZF AYHLER CIFSt BIO|HA F(strain) 7t ZAHE
Ct (2). #AIF o240 VP1 |UA 2&29| G-H loope +EA|2 Halst= 2ItE
(ligand)2AMQ| A&S 5111, A Hol{AE MES| QIE|QZ(Integrin) heterodimer
F8At AgstA ECt (3, 4). 7Y Biol2{A0 2| X H{ZO| AHEE= BTY
(primary bovine thyroid) MIZF= Q8|21 avp67t, IBRS-2 (swine kidney) MZEF&=
ol a2l awvB87t, BHK-21(baby hamster kidney) MEF= QE|O2! o581, avp1,
avB37t +BAHZ ARl A2 YA QUCt (5-8). 0| S0IM e avB67t 4,
(et 22 AT A4 A0 ALEE= £BAZ YA n, A HIO|HAL|
NI Z Aoz QE|02l avB6eOl CHe == Sl&=7F RIE B QUCt (9, 10). ¢t
OtLl2t, QIE|2! avB6 & BHK-21 =& LFBK (porcine kidney) MIZESO| gHsisto]
A BIO|2 A0 Ciet ME Z4e4dE =0l H77F ENEQIC (10-12). R2l= ol
off EE(of AT Tt ZH2l A 72| BKG (black goat kidney) M|ZLOIA 4|
o Hio|g{A ZFO| 7tsES =QIst BE AUCH (13). A2 4H REfe| FAS 24

d HZEZMO 72|17} oLt A Hio|2{20] tist Z4d0| =A| 20t UH=S
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=0|7] 2|5t RX|7} LRSIACt 0] HRO|A= A QIE|02l(bovine integrin) av, B3, B62| A SM2E 22450 Yaistn
A< Hio[HAL| f~BAHZAM AetS AHSIQCE #TF otL2t, &~ QE|02l pe Ld Z2tR0|EE 08510 BGK-P6 MEFE
M 2ot LAY Hio|qA0] CiSh 244 S Hlwsty 7ty 45 MERE HYUSIRICE 0|8 Soff T+AIY Hio[2{A00 Cish 24
go| 245t AHhity MERE S22 A Hio|2{AL 22|Qt Y| E2H 22 AtEot} SfRACt EFt & A 0l
B2l BeE H|ZS FAY HiO|2{A9| 842t 2|7t=(ligand) &0l EEE CHHAS stEeo=4 oY He| ECHE OFA

St} SHACEH

MATERIALS AND METHODS
MZ 2 Hjo|HqA

SW480 (Human colon carcinoma) MZEZR= o2 MER 238H(Seoul, Republic of Korea)ollA] £2F 2ot RPMI 1640 HHZ|
(Thermo Fisher Scientific, Waltham, MA, USA)E Ar25t0 SA| L HIFSIRCE BHK-21 (Baby hamster kidney-21), IBRS-2
(swine kidney) MIZ=+= Dulbecco’s modified Eagle’s (D-MEM) BiZ|(Thermo Fisher Scientific, Waltham, MA, USA)E A5}t
0] A L HiYSHRACE BGK (black goat kidney) MET= CHIRI= A2HMAOIA Felist MEFZEN SEEMEAEZE(Republic
of Korea)OllAd E&I5t¥ 10, D-MEM HiZ|E AMR3510] S2] 2 HIYSIFCH (13). 2= HiZ|= 10% FBS (Fetal bovine serum, pH
7.4, Thermo Fisher Scientific, Waltham, MA, USA)Z Z7I5t¥.20, 37°C, 5% CO, RZH0|A M HYLSIICH A0 AR
TAHY Hio|2{A O/SKR/2002 (GenBank Accession Number AH012984), O/Andong/SKR/2010 (GenBank Accession
Number KC503937), A/SKR/Pocheon/2010 (GenBank Accession Number KC588943)2 sZMASHEL|M £2|5tUCt
TAHY HO[2{A Asial/MOG/05 (GenBank Accession Number EF614458)2 2=2Y4-0|A 14 (the State Central Veterinary
Laboratory, Mongolia)OllA] OIRIAIZE Z=Q5I0 SAAAEEHOIM E2|5tH1, A22/IRQ 24/64 (GenBank Accession
Number AY593763), Asia 1 Shamir (GenBank Accession Number JF739177), C3/Resende (GenBank Accession Number
AY593807), SAT2/ZIM 5/81 (GenBank Accession Number EF134951), SAT3/ZIM 4/81 (GenBank Accession Number
KX375417)2 OIE/FAO 7MY B2AHRAQI F= HEZI0|E M4 (Pirbright Institute, Woking, UK)OIlA] £QISICt O] A3
O AtEEl FA|Y Hio|AL| ALY 0|42 Table 12+ 220, HO[2AL| HIH= Reed and Muench 2HE 0|50 TCIDs2
ZHFIACt (14). ZE A HIO|HA HEAIFS SUSAAAEH0| MBotH3S5F (Bio-safety level 3) A|MOIA Jl=|RACE

Table 1. Passage history of FMDV strains used in this study

FMDV strain Passage history

O/SKR/2002 1 BHK21, 7 IBRS-2

A22/IRQ 24/64 2 BTY, 2 BHK-21, 1 BTY, 1IBRS-2
A/Pocheon/SKR/2010 11BRS-2, 4 BHK-21

Asia 1/MOG/05 2 BHK-21, 2 IBRS-2

C3/ Resende 2 BTY, 2 IBRS-2

SAT2/ZIM 5/81 3 BTY, 3 BHK-21

SAT3/ZIM 4/81 3IBRS-2, 4 BHK-21

4 Qa2 av, B3, 62l 22Y

Signal peptide sequenceE ZE&5t= A QIE|2l(bovine integrin) av® cDNAE GenBanke| XA E (Accession Number
NM_174367)€ 7|gte2 Rzt g§dE 2|2|5t0] (Bioneer Corporation, Daejeon, Republic of Korea) €20, pEF5/
FRT/V5/D-TOPO vector (Thermo Fisher Scientific, Waltham, MA, USA)0| 225t1 pEF-av2 Z|ISHACH A QIE|2! B3t
B6 KAt HAUZE0|A 2E bovine primary epithelial cellolA K2E 2£3510 reverse transcriptase-polymerase chain
reaction (RT-PCR)GH= &2 2 QiCt RNeasy Mini Kit (Qiagen, Hilden, Germany)Z& AF23I0] total RNAS 2Z311,
oligo-(dT) g Z2}0|0, Superscript Il reverse transcriptase (Thermo Fisher Scientific, Waltham, MA, USA)E Y0 <DNA £ A
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2t5F &| Phusion High-Fidelity DNA polymerase (Thermo Fisher Scientific, Waltham, MA, USA)E 0|&5t0] PCRE AA|SHSCE.
PCRO| AFREl Z2I0|0&= E£coR | (sense primer)2t XAo | (antisense primer)& Zg5td O, A QIE|Q2I B32} 62| signal
peptideZt ZSHE|0| SEL| =2 CR}QISH0] A|2te| 2|5t CHBioneer Corporation, Daejeon, Republic of Korea). A2t 20|

£9| YI|ME2 Table 22} ZC} PCR productd Tag polymeraseS EO{ 72COIM 1027 BFZ2AIAH A tail@ 2718t &
pcDNA3.1/CT-GFP-Topo vector (Thermo Fisher Scientific, Waltham, MA, USA)0|| E2d5t12, pcDNA-B32} pcDNA-B6E X2
StUCE pcDNA-B32F pcDNA-BEL| E2HE |2 HI7|IMEEME E6H0 ERISHHCHMACROGEN, Seoul, Republic of
Korea).

Table 2. Primer sequences used for PCR

Primer name Primer sequence (5’ to 3°)

B3 sense CTAGCCTTTGAATTCATGCGAGCGCGGCGGCTCTGGGCAGC
B3 antisense AGTTGCATCTCGAGCTAAGTGCCCCTGTAGGTGATGTTG

6 sense CTAGCCTTTGAATTCATGGGGATTGAACTGCTTTGCCTGT

B6 antisense AGTTGCATCTCGAGCTATCCATCCGTGGAAAGATCAACC

Bold letters represent restriction enzyme sites (EcoRl site in sense primers and Xho | site in antisense primers)
le|2gl av, B3, p6 HEHAO| ES =0l

A QEO2 avZt E2YE Z2tR0|E(pEF-av)Qt & QHOZl B3 E£= B/t E2HE E2t20|E(pcDNA-B3, pcDNA-BE)E
Lipofectamine™ LTX and PLUS™ reagents (Thermo Fisher, Waltham, MA, USA)Z At235t0] SW-480 MIZO|| transfection 5}
ACt 96 well Z2|0|E0] well & 4x10*7H2] SW-480 MZZE Hof HiQFSt & CHSY 200 ng| pEF-av@t 200 ng2 pcDNA-B3
= pcDNA-B6S co-transfectionStRCH IFA (Indirect immunofluorescence assay) WHOZ TS 3101517 ¢
Transfection 48A1ZF & 70% (v/v) OFMIE(Sigma-Aldrich, St. Louis, MO, USA)22 2027t MEE 1t & 2087+
PBS2 MZZS M5t 1:100022 SA{sH 12} Sk 37°C OflA 1AIZH S BHEAIZICE & QB2 avp6S 2ol
12t @A 2 mouse anti-human integrin p6 monoclonal antibody (CSB6, Merck Millipore, Darmstadt, Germany)ZE At
avB3E &RIst7| {5t 121 &2 mouse anti-human integrin avB3 monoclonal antibody (LM609, Merck Millipore, Darmstadt,
Germany)E AHESIICE 1xF A BS0| Ett & MZEZ PBSZE MGt 1:20022 5|Ast 22+ SHE O] 37°COIA TA|Z
SOt BESAIFLE 22 @4l 1:20022 5|A St secondary fluorescent-conjugated goat IgG fraction antibody against mouse
lgG (MP Biomedicals, Santa Ana, CA, USA)E ArE5tRICH S20|0|Z|= Olympus IX70 inverted microscope (Olympus Life
Science, Tokyo, Japan)2t Olympus U-TVO. 5xC-3 Z}8|2HOlympus, Tokyo, Japan)E& O|&6t0 Ztakstn &HstALCt.

ne

=

t71 2

SHR,

[
Ho0 ok ok

ol
ot

0f0
Q

A QH O avp62t avB3E HHAIZI SWAB0 MIZEO|AM FAFHIO[2{A SA] Hln

96 well Z2|0[E0]| well & 4x10°7H2| |2 H0|2{A0] Z4A0| gi= MIEQI(non-permissive cell) SW-480 MEES E1
12A|12t O|4 BQ¥FSE =, 150 ng2| pEF-avet 150 ng2l pcDNA-B3 E£= pcDNA-B6S co-transfectionstLt. transfection 24A|
2t & MO 10°° TCIDso/mlQ] A HlO[2{A O/SKR/2002, Asia 1/MOG/05, A22/IRQ24/645 well & 100 ul¥ HZ3t3
Ct. HiO[2{A H=E 8YU & Ar=oME 22510 viral RNAS & ¥ real-time RT-PCRE AAISIRICE Viral RNAE the MagNA
Pure 96 automation system (Roche, Basel, Switzerland)2t MagNA Pure 96 DNA and Viral NA Small Volume Kit (Roche, Basel,
Switzerland)E O|23I0{ £&35t% 1, real-time RT-PCR 0| A9 gHHS [MRACt (15).

4 Q12 BeE ERSH BGK MZEF A2
96 well Z20[E0]| well & 3x10"742] BGK MEE '20f BIY5ID, CISY RatE MZIt 70% 7t =48 T 25 ng?
pcDNA-B6 & transfectionst¥ Lt 5 mg/mli2e| Geneticin, G418 antibiotics (Sigma-Aldrich, St. Louis, MO, USA)S E2 HiA|

2 ARSI A QIE|OZl BE ERSH MZOtE MEHSIFICE MEHEl MEZ 5 mg/mle Geneticin, G418 antibiotics & &t HY
A2 1081 EHA S|MSHA 1702 MEE 22, CHAl SAAA 2 4712 MEFE &S5
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BGKZ A9 BIO|2{ A0 Ciet Z4d Al

MerEl 4709 BGKMEF(BGK-B6-1, BGK-B6-2 BGK-B6-3, BGK-B6-4)E SAIA|Z|12, BGK, IBRS-2 MEE &H &H|StRUCE
96 well Z2{|0|E0f well & 3x10°712] MZES Hof HQ¥StL, CHSY A HIO|ZHA O/SRK/20022F C3 ResendeE 108
CASIM & FEstn 72412t = 2ZF MERO|MS| HIHE H|wotRACH BGK-p6-4 MEFS| A Hio|2{A0| Cfst Z4-dE &
Ot=7| 2I5t0 BGK-B6-4, BGK, BHK-21,IBRS-2 M ZE FH|5tRACt. FA|Y HHO[2{A A22/IRQ 24/64, A/Pocheon/SKR/2010,
Asia 1/MOG/05, SAT2/ZIM 5/81, SAT3/ZIM 4/81& AFEst0] AO|M Q1Zoh HIQE SUSHA 2h M ER0|M2| HIHE HlW St
Ct. 971= Reed and Muench &#2 02510 TCIDse2 £F5IUCH (14).

(1

_|

=

Ofm
X
el
A
i

>

EASH 2MZ 2/5t0 GraphPad InStat software (version 3.05; GraphPad Software, La Jolla, CA, USA)E A5G Unpaired
t-testE A AISIICE Pvalues?t 0.05 O|2HY Tf EAEHe= Ro|H0| UCID ZHRSIACEH

2UE QIE| 2 CHHZIo| YHHS &016t7| 28l SW4AB0 MIEOA plasmidE transfectiondt & IFA AEES AAISIALCE (Fig.
-transfectiondt M2} pEF-av2t pcDNA-B6S co-transfectiondt M|ZO|A HZO| ZH2Z|Of, A

B0 peet B3 MO UHES HQISIRACE EFH QB heterodimero PHS3he QBT avB3 FHE AFEEHEZMN
QIE| 02 qv TS| ol SAI0f 2SIt (Fig. 1b).
Anti-B6 Anti-avp3
avpe avp3

Figure 1. Detection of bovine integrins avf3 and avf6 heterodimer expression in SW480 cells using indirect immunofluorescence
assay (IFA). SW-480 cells were co-transfected with vectors expressing bovine av and p6 (a) or B3 (b) subunits. Protein
expression was detected by IFA after 48 h of transfection using an anti-human p6 Mab (2076Z7) (a) or an anti-human integrin
avB3 Mab (LM609) (b). Untransfected cells treated with the same primary and secondary antibodies were used as negative
controls (c and d).

2 QE|OZ avB32t avfe o MZEO|MSl A Bj0|2{A0] et ZF=E Bl

A Hio[2 A0 TS Z4/d0] s MIEQl SW480 MIZOIAM A QB2 ovB32 avpet YEHTIE=ZE pEF-avel pcDNA-B3
&= pcDNA-B6E co-transfectionstd] w14 HiO|2A 2 &8 H|WSIUCHFig. 2). O 23 F+A|Y Hiol2{A O/SKR/ZOOZ,
A22/IRQ 24/64, Asia/MOG/05 250 A QIE|O2 avB3 &ol MEMMECH A QEOZ avpe U MM == HiO[2A
copy 7t HRE|ACHAO0.05). BHH A HIO[HA A22/IRQ 24/64, Asia/MOG/058 HBAIZI 20le 4 Q&2 avp3

38 Copyright © 2020 Journal of Bacteriology and Virology



Goat cell line expressing integrin-p6 S-M Kim, et al.

MIZOAM A Hio|2{A SA0] HHEAYSL), A2 BI0|2{20/SKR/20028 ALSt HR0l= HiO|2{A SA/0] &
IACH.

ﬂP" i

EEL)
2]

o'-||0 |-o||

[ Cell control
[ Integrin avp3
Il Integrin avp6

69 *k

]
=

Viral copy numbers/mi(log4o)
*

O/SKR/2002  A22IRQ 24/64  Asia/MOG/05
FMDV strains

Figure 2. Comparison of viral infection efficiency in the cells expressing bovine avB3 and avf6 integrins. SW480 cells were
co-transfected with vectors expressing bovine av and B6 or B3 subunits. Twenty-four hours after transfection, the cells were
infected with 10*° TCIDso of FMDV O/SKR/2002, Asia 1/MOG/05, or A22/IRQ 24/64 viral suspenisions. The supernatant was
collected at 8 days after the infections, and viral RNA was extracted. FMDV quantification was performed using real-time RT
PCR. An unpaired t-test was performed for statistical analysis by GraphPad InStat software ("£< 0.05, "P< 0.01, " P<
0.001). Error bars indicate standard deviations from the mean.

A B0l A0 Bigt g0l =2 BGK-B6 MEFL MY

2 QE|02 BEE 2R 4719 BGK MIZEZe} BGK M|IE, IBRS-2 MIEO|AQ] TA|S BIO|2AQ| HATIE B|WSI0] 712 Z4=M0|
245t BGK-B6 MEFE MASHACHFig. 3). A BHO|2{A O/SKR/20020] CHSH H7HE Blu5HRAE O, BGK-B6-4 MEFO]
Z4/g0| LIHZ| 3742 BGK-B6 MZFQ BGK MEECH 245t 10(&X0.01), IBRS-2 MZELt 555 £+F0(ACt, LAY Hio|2
A (3 Resende0f CHst H7t2 H|W5tYS W, BGK-P6-42F BGK-B6-3 MIEZO| Zk=A0| LIHZ| 2709 BGK-B6 MEZE, BGK
MZZ, IBRS-2 MEZECE 2435tATHAXO0.05).

A O/SKR/2002 B C3 Resende
*
4n ** 5- * o
dok
= = = < 4 I .
> L] 3
o o
= =
E E 3
8 8
Q 2 Q
3] oyl
[ - 2
1 T 14
a2 A a2 ) > N 2
\\‘" 1A\" p\" 1A\*’ ggf’ & W W W
O Y oo § S BT g
Cell lines Cell lines

Figure 3. Comparative virus titration in BGK-p6 stable cell lines. Four stable BGK cell lines, expressing bovine integrin p6
(BGK-B6-1, BGK-B6-2, BGK-B6-3, and BGK-B6-4), in addition to BGK and IBRS-2 cell lines were used for titrating FMDV
O/SKR/2002 or C3 Resende. Virus titration was measured 72 h post FMDV infection. TCIDso was calculated by Reed and
Muench method (14). An unpaired t-test was performed for statistical analysis by GraphPad InStat software ("*£< 0.05, ™ P<
0.01). Error bars indicate standard deviations from the mean.
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BGK-B6-4 M|ZLF9| Ciefol JHHO| A|Y BjO[2{L0f et 2EE

TA|S HiO[2{A O/SKR/2002, C3 Resended| Cis 712 &2 UAEZ HQl BGK-B6-4 MEFS CHAsH 62%53 | A H}O|
HA A7 Yo A ESIUCHFig. 4). BGK-B6-4MER= Fig. 49| T4 HIO[2{A SAT2/ZIM 4/81& A|Qlot MM ALEE
ZE Hio[2 A0 ChsHM BGK MEFECH G &2 UZZE 7 r |2 AUACHAX0.05). A22/IRQ 24/642% A/Pocheon/SKR/201001|
tishM= BHK-21, IBRS-2 MEFet HWSHHE Wol: w2 UZEE SQISIAUCHA0.05). E5H FA|Y HIO|ZA Asial/MOG
/052 SAT2/ZIM 5/81HK-212| 2712 ZH3IYS Mol IBRS-29F BHK-21 MERECH £HLH(X0.05) S58H(statistically
not significant) <7t 2% Z1E SQISIYICE 2iLt SAT3/ZIM 4/81 HIO|2{AQ| FLR RE MEZOIM ZZE Hio[2{A 47t
210l SAEH R2/40| UACHA0.05).

—-_

[J BHK-21
[ IBRS-2
O BGK
’ Il BGK-6-4
Bl i)
" x >
5 dok * * xl
> T
g
E | *
e = - T
(=]
(&)
'- ‘—M u
T e
\ o N ® ®
@°¢h e**& \\“‘06 ,@“‘" \1>‘c
?}‘1} ,(\000\ o e,é o
&
o

FMDV strains

Figure 4. Comparative titration of various strains of FMIDV in BGK-p6-4, BGK, IBRS-2, and BHK-21 cell lines. BGK-p6-4, BGK,
IBRS-2, and BHK-21 cell lines were used for titrating FMDV A22/IRQ 24/64, A/Pocheon/SKR/2010, Asial/MOG/05,
SAT2/Z2IM 5/81, and SAT3/ZIM 4/81. Virus titration was measured 72 h post FMDV infection. TCIDso was calculated by Reed
and Muench method (14). An unpaired t-test was performed for statistical analysis by GraphPad InStat software (*~< 0.05,
“"P<0.01). Error bars indicate standard deviations from the mean.

DISCUSSION

TAY Hio|2{AL| £EBAHZ MAHoZ ABE|= MZA LHEA2 Q|02 heterodimer®! avB1, avB3, avp6, avp8E e
A QUCE (16). O|Z0IM QUE|OR avpore SO|H2Z HI| ZA0M g2 £F22 UHL|0] A HIO|2A0] ZF SA0f
o2 ste 7oz HEIE 0] QICH (17). E5F o]Ael HIO|AM SW 4800|Lt CHO (Chinese hamster ovary) MIZE2}

Z2HZol o

Z2 A Hio|2{ A0 Z4M0] gle MEOAM QE|ITR avps E= avB % EE5t0] LA Hio|2A ZHAES AMAIGH bt
U, FAHY Hio|2{A ZHUAML| avp6l S2HE T HFEACH (9, 19). O] HPOME FAHS Hio|q A0 742 212t

ot M|ZQI BTY (primary bovine thyroid) MEOM 71 =2 &&2=2 %i o= 840 A Qg2 avB6E LY %EH M=
o olgste2M A HIO|2HA0 Cist Mol BIZE=S =0|1, & Rl AIROMM FAHY Hiol24A 22| Ao § &2 =8

2 7ltg &+ A=ZF SHACH (20).

QIE|IT2 av, B6, p3E XS HHAS AV| 2l signal sequenceE ZETH A FUANE ALESIUC HHHA FHol Ao
2 QIE|OI0 THEt 4EA7E SAISHRl QA7 W20 AtE B2 SHE CiASHo] ARSI, oMo Ao g
el 20| 25 48 YAle & AUE2 20l MEiotR| goF oz Ho| YEAIY0| BLSAUL (10). P2l FRAH2=2 274

40 Copyright © 2020 Journal of Bacteriology and Virology



Goat cell line expressing integrin-B6 S-M Kim, et al.

9| subunit?t SEAE 0|F= EHE 125t conformational epitopes QIX|St= LAHE 0|&5I0] IFA Sz HHAS
ISRt (Fig. 1).

QIE|IO2! avB6l2t avB3E SW 480 MZEO| transfectionst & 7| H HIO|2{AE HEEC2M |26t HEZ0| 7|15He2 &
2tS5He2| 0I5HFICH(Fig. 2). 0|9 B9t 20| O, A, Asia 1 3o LAY Hio|2{A RFOA QUE|T22l avp6eo CigH M
SOt QIE|O avp30l| CiSt MEE 2ot =UoLt, O J== HRo|ZADICH CH2X| LIEFGCH (9). SW480 MZE= Ao
2440 ¢l7] W20 (non-permissive) HIO|2A HE & HIHE | ASIL 3Y O|Lfol| ZUHE EA3MS FF +AHY vy
2 copy numberZt A|LR|AH G L0 QIE|OR Zte] &8 H|wIt O{2AUCH et FAY HiojHA FE & A2ds
oz &1 8Y7t HiYsto] ZUE A ZIUCE

BGK MIZE= CHStRl= ZH2HAMLOA RSt ME2A TSt S2F2 MERE 0|8 ﬁh_lf & o 8517 StLt, T A
o SAME NZEECH Z4d0| Y2 B B2 avp6?t

o
252 MERE AHRS5HYCH HA BGK MZEO| hygromycinit Genetlcm(G418)9l 2712 SHAE
PcDNA-BEE 25 2Rt MERE MEHstZ} Aot Lt 2712 SHAHIE HEsH) HIE =1 = P
0|%F BGK MIZ0| pcDNA-B6EHS transfectionstl G418 SHIAE ORI MEFE A26i¢n, 1

ERCt (13). O] AFOME BO]2{A UZE=TE Y2 BGK HZOf 2
AtE3t0] pEF-avet

= 0| (AU
. U= Y E MEF

E7f SME 242 BGK MIZEQ| AF QIE|

BGK-p6-45 =HEStRUC £ Qe[ peol L2 A HiO|HA0 CHEt 212
2 av7t A QE|IOR peet FHH2Z heterodimerE O|R0 fEHZMO| AEES §F 2422 OAEICE 0|-| ATFOAM At
2ol Qe|02l av subunitt 20| QIE|TZ B3 subunite EE2| 0|2 EO0|7|= ofR|2t Y22 heterodimerE O|F= 240

BE HE 9len (21), M2 CFE Z {249 Q&2 av subunit@t p6 subunite| heterodimer FAE 24|gI0] Loy Ze
2 Ol ¢sict SA7ER| Q| OZ avet oS EA MIZO| UHAIZ|= Yoz MERO| UIZEE =0l AIF ENE HP Qe
Lt (10-12). O] 170N QIE|O2I p6o| ZRUTICZ2E QIH IR avpe SEHE FHAAH ULUZE SAZ = AUCE

2712 - A Y HIO|HAE 0|80 AIIE é%@ ZUZ BGK-p6-4 MERE UZEIt 7t 248 MER2 2ot
ACHFig. 3). Fig. 31} Fig. 40| A ZH2IZ|%0| BGK-B6-3, BGK, BHK-210{|AQ} Zt0| MEZHZ CiFst LA BHO|2{A0] CHSt
QIZ=TF CHEA| LEtRE], O|AE 7A|Y Ho|{AQ] %‘-%ﬁ%ﬂ MZACH 0|, SE30| CHst M5 S Hio[2{A EMo| 2
2t0|2 siMEICt (9). ™= 276t1, BGK-p6-4 MERE CHFSH 7|9 HiO|2{AOICH 2t0|& I A £0|Z]
LS 20FUCHFig. 4). T2t LA HEO[HA SAT 3/ZIM 4/81= MEEZ I} 20|E EO|A| U/UACH SAT

_,_

MZE ASEl PHY Hio|2{ATt 2S5k Heparan sulphate 8% 29 A0ME
(data not shovvn), MEFO| SS22 ZAs= M28 +84| &S0 st 20| ofdl Hto[2{A2] NF
EIC (22). BGK-pE-4E OF2| 7| HiO[2 20| 22|Al0f 28517| 2ot et Cidt ofe| Al=0f| Ciet
o= Mzt

8% 212 wgoos
E

be

O] g0 & Qe TS UHAH LedE =0 M2 MAMIE BGK-p6-48 HESIUCH 227 &
MNZ= Chst A|F Hio|2{A0] 2t} HiQF dedof AtSE 4 o0, 0k ofL2t Qe =8 1|01| oiet Aol A
328 £ 9IS Hoz J|ChEict

=2o=2

i
=
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