Kor. J. Appl. Microbiol. Biotechnol.
Vol. 24, No.1, 59-66 (1996)

Virginiamycin 4470l #0{3l= Virginiae Butanolide
C(VB-C) % Receptor2] Ar&aH|

B4 - BiX|S - RO
AHoHstw Afointaichat MEsin;

The Relationship between Virginiae Butanolide C(VB-C) and Receptor in Virginiamycin Production.
Hyun-Soo Kim, Ji-Sook Hyun and Tae-Shick Yu. Department of Biology. College of Natural Science, Keimyung
University, Taegu 704-701, Korea — Virginiae butanolide C(VB-C) is one of the butyrolactone autoregulators,
which triggers the production of virginiamycin in Streptomyces virginiae. To further understand the mechanism
of virginiamycin induction, we isolated three mutants from S. virginiae by N-methyl-N'-nitro-N-nitrosoguanidine
(NTG) treatment. The characteristics of the three mutants were confirmed as follows: the mutant No.1 delayed
the production of the VB-C, receptor and antibiotics; the mutant No.3 hyperproduced receptor; the mutant No.4
failed to produce the VB-C. The addition of synthetic VB-C couldn’t induce the production of antibiotics in
the mutant No.1 due to delayed production of receptor, could provoke the production of larger amount of antibio-
tics than parental wild type strain in the mutant No.3 due to the presence of large amount of receptor, and
could induce production of very small amount of antibiotics in the mutant No.4 due to the absence of VB-C.
Antimicrobial spectrum and HPLC analysis of the mutant No.1 and No.3 suggested that the VB-C might have
a specific ability to induce the production of virginiamycin M and S. These results imply that the VB-C has

an ability to trigger the production of virginiamycin under receptor existence in S. virginige.
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Z] 1/%} bacto-casitone 7.5 g(Difco Co.), yeast extract
75g, glycerol 15g, NaCl 25g pH655 A}8-3kch
VM A4 A A7 2o 2 A+ Bacillus subtilis PCI 2198 A}
2-3)9] o, AT PSR Z 4= polypeptone 0.5%
(Difco Co.), meat extract 0.3%(Difco Co.), agar 1.5%
A A4ste] Abgatdcth FAA 2 Wl 5] Aok
oat meal R[4 28T, 7~1047F ABSA)Z co-
lony 2 €] A 2% spore 445 BYGN ulx] 25 mid|
] AJeH(=5X10° spores) AE3te] 28C, 120 rpmel] A
36~48417F v kgt FAE —70Co| A BEs|e] Hul
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S. virginige Z2¥-¥} 7+ WHolF-2] ¥+ Hopwood 5
(18)2] wiel| o=} 3sldv}. &, S. virginiae spore
29 1 mlE YAE2](12,000X g, 103 3 FA ) 0.05
M Tris-malate buffer(pH 9.0) 1 miE 7|3} FHehgl
LMol N-methyl-N'-nitro-N-nitrosoguanidine(NTG) 5
mge A7} SA1A AoAM 122 H=sid e} o
AAlR-2lste] AEdS A AL 20% glycerol 1 miE
Hrksked 10°8]74A] 3143 oh-5 oat meal 3wl 2| Atell
10 WA =73te] 28Coll A 547t v sl A= co-
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VB-C ¥ VB-C receptor®| Z=H|

B Age A" 3 VB-Ce 7 5(9)] 2AF
VB-Co(2%] &4 &4 67H, ethanole] §3f)& AH&-3}
Ao, parentF N Z4F WHelFrp Aitste HAY
VBH & # 5(18)9] wol we} =43tk &, BYGN
8] =] 25 miol} Al FFE 3% FE s} 28T, 120 rpmell
A kgt &z oAtk gE w20 miE
A3 (pH 2~3)ol| 4] 2vlEke] ethylacetate® 333}
o} Na,SO.&2 23 #-35F ¥ BYGN ulA| 1 miell
L8 x)AH Hedd VB-C &Aoo 2 x&3¢th

VB-C receptori= 7 5(10)9] ub el wa} 24 shdch
%, Z Wi FA]7bol] ulbe} v kgt A ok 1gS 0.5M KC|,
5mM dithiothreitole] &% 0.05M triethanolamine-
HCI buffer(TEA buffer, pH 7.0) 20 m/o] &=}3le] soni-
catorZ 287} & AAE-2](12,000X g, 203t L
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VB-CS VM S& 4 53
VB-C#] VMAIAFEA15-2 7 598 whg& W33t
g3kt &, S virginiae 2 ol AujeK—70T
HE)VFS 27% BYGN wiA = AH3 F 2 mi(ol6X

165 mm test tube A}4-), -2 25 m/(100 m/ Erlenmeyer
flask A}-&) BYGN wjz]e] 3% =Al AZ3}ld 120 rpm,
28Tl A i ekslsich. VB-C2] A7l=, 34 VB-C A%
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471 A1 ¥ receptor protein protein assay kit(Bio-
rad Co)& Aste] 100 pge] WA Lo 05M
KCl 9 5mM dithiothreitole] 3% 0.05M TEA buf-
ferg H7lsle] 100 W2 2AHF o, HFEFE 0125
mM@ W HA7DEIA cold VB-C(non-labeled)E A7} ¥
ulA7kete] Aol A 2087 vHEAI R ool FHEE
X7} 69.6 nM2 w A h=EA PHIVB-C/(54.6 Ci/mmole)
< Hrlete] 5d A A wbeAIA oS, 80% E3}
(NHy)2SO, €94 900 /5 o] 20871 Aol w3,
15,000 X goll A} 1027 AAEe)sksdc) ofw A7 AA
(protein-ligand complex)-& F X318 1 m/2 13} AF
3}3L 100 we) H00) 431 A1# 10 m/ 9] toluene &-4[to-
luene 100 g/l, Triton X-100(polyethylene glycol mono-
p-isooctylphenyl ether, Nakarai Co.) 500 g//, Omnifluor
(Dupont Co.) 4g/l]9) #7}3}ed scintillation counting
(Beckman LS 7500)3Fsich [PHIVB-C;of g Eo)A
ol 3L cold VB-CS #7} 2 wldrste} xfol2y 4t
Zshodr).
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oF mutant No.3; 2247 uwehe] wjekas 247 5
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dzu LC-10AD, Shimadzu Shimpak column, CH3;CN : H;
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Y& 7 E3 ) Table 1914 ®.ql uje} Zro] 24 2 ml
2 25ml wjA]o] s F33le] VB-CE £uld 5
A7 Ao A7Ige 2 S #algh AIH0AZ A
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2ml uieFe) S Euiek 16X VM A4lo] F 25
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Table 1. Inducing activity of the VB-C on 2 m/ and 25 m/
culture system from Streptomyces virginiae

Incubation 2 ml culture 25 m/ culture
howy  —VB—C +VB—C —VB-C +VB—C
Inhibitory zone (¢, mm)
6 po — — —_
8 - - - 10
10 - — - 11
12 - - - 12
14 - - 10 15
16 - 14 14 16
18 - 14 15 15
20 14 15 17 17

37c Az}, UV A2], acrydine orange 2], ethidium
bromide 2], NTG Al(pH8.0) 5& F3}d Helx
WolFx A2 EA=E ) wepa] E d el A= pH 9.0
3ol A NTG A& 3t A= colonyZ cfr9 &
AEA A WHolgrt RelHEglo dF WY f=
59 AZ7F FAEA Yiolnz FAEA AL Hol
FEME FE259Y HE/ Erbssidch aEBE ¥
A2 PAS-E 253 colonyE WAL RE 3l HE
dldon 2 A 559 AL, receptord] WAL
VB-C A& WolF % 3FE 353t Adad 5L
8 v EA A dS gl € Al A3t

S. virginiae(parent) W tHO0|F2| virginiamycin A&t

$lollA dF3 ulel zre] NTG Aej(pH 9.0)F ofju]
AY-E 53 (H T v AA) £l 3714 WelF ¥ pa-
rent7-S SR 25 Mg AREEE HA] oA wik
8AIZH-E] 482171712 8] FAEA QA& AT
Table 20]|4] H+= v}o} o] parentzeo] Eulf 1247}
743 F5-¢ VM& Q4ksh= 27 v]Zdte] mutant No.3
& parentd#F FARRE MARA]7]E Hel wbd, No.l9)
7Agel= AAA7171 4417E Nodve 22417 AE R
A= AFE ehigich

Parent: U tH0|Fe| VB-C A4t

7} 59, 10)2 S. virginiae®] 70 mi(500 m/ Erlenmeyer
flsk AF8) vl kol A} receptor, VB-C, VM A ALY =0,
doj )y B y3lgdc) wlebx] 25 ml wiekel 4 parent
F9} ¥-2]3 mutants®] VB-C 4ts-& A7 44,
2ujeF BAIZHY-E]l 34A17H7EA] ef g e FH o 2 RE]
7tzbe]l A dd VB-CE A7hEE Azt 24 Alxd
%9 VB-C &4 575 &<13l7] $i8) 52171 £l A2
S. virginiaedll ©1& A3 VB-C 500 W= H7}sle] 8
AIZE wjekgt = VM A4k #2218 8913 Z 3, Table 3
oAl H<l ule} zre] parenti- AAWEA A Hal

Table 2. Time course of the virginiamycin production in S.
virginiae (parent) and mutants

Virginiamycin production time (hour)

Strains

8 10 12 14 16 20 26 32 34 36 48

Inhibitory zone (¢, mm)

Parent - — 10 13 16 16 16 16 16 16 16
Mutant
No.1 - — — — 10 13 13 13 13 15 16
No.3 - 9 10 12 13 13 15 15 13 12 12
No.4 - - - - - - - = 9 10 10

Cultivation was performed on a reciprocating shaker (120
strokes per min) at 28C. 100 ng/m/ of synthetic VB-C (1
mg/ml-EtOH) was added at cultivation time of 5 hours.

Cultivation was performed with a 25 m/ portion of medium
in a 100 m/ Erlenmeyer flask on a reciprocating shaker (120
strokes per min) at 28TC.
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Table 3. Time course of the VB-C production in S. virginiae
(parent) and mutants

VB-C production time (hour)

Strains

8 10 12 14 16 18 20 24 28 34
Parent -+ + + + + + + +
Mutant
No.1 - = - = 4+ + + + +
No.3 - * 4+ + + + + + +
No4 - - - = = - = - - -

Natural VB-C was prepared from 20 mJ of each culture broth
as described in Materials and Methods. 500 p of prepared
VB-C was added at cultivation time of 5 hours and the pro-
duction of antibiotics was detected at cutivation time of 8
hours. Culture conditions were almost identical as described
in Table 2.

a4 diameter of inhibitory zone is above 12 mm.

) oF 104) 74 58] VB-C AJ4te] el gl e, o]& Ya-
nagimoto 5(17)2] 70 m/ wj ¥l 4] 12217k %5 VB-C
£ QJAgche Bare) vE] YA 77} 2217 He whE
okAN-S B odth ¥ mutant®] 7§ No.l 3 NoldF+=
Zvzt 16417), 10A17H4-8]1 VB-CE AAtshsl 2w, Nod
FE AR AAE A e AFHESE VB-C &
Wo|F 2 A FgIch =3 Table 298] FAYEH APAHA]
719} vlagt o], VB-C Ak F VM AAbe] 7§ A== pa-
rent32] A3NY, 17)9}= 22 mutant No.1, 3& VB-C7}
VM3 A 9] v]5e3qt Al7]oll A4t=Em, Node] 79+ VB-
C Agdl 28] FAEA Ao 7 @ gakr]7) ¢
xjede] et Atz E ok

ParentZE % 20|32 receptor A4t

VB-C9] Alz Aol Fdgra o] A==(9, 10) rece-
ptore] AALSTZ wix] 25 mio A et FAE A
3}ed tritium labeldr [PHIVB-CA9)=4] #<ls}gict. Fig.
Lol 4] 12l ule} 7o) wjFA|Zbe]| w}E receptore] A
Abe parent#9] A% 7 599 B} o] wik 10
A7} o) R BE] u]|2ke] receptorr} AT ALRE Y
©ow mutant No.l, 4= QAA| 7|7} olF =& w16
A|Zb 7 zpalel AwFe) receptor7t HAEE 7] *l“—h‘f}‘iil,
No.39] 7%, parentzol| Bl3] receptor PAHA|7l= H]
s=3pz|ut 26 o)Ay @& % receptor’t HAMEE A
& Jelysich

VB-Coll gt Ho|Ro| BMEW RES
VB-C#] 7]5-& VMAl4kol 27 FHed sk 7])%50] obd,
VM AAE Edse fE15E sHdn 2EE®
ATHIT). Wk $18 ATelA 2 WolFe] SHo
23E VM A2 Bodske ARE FHeA7) A
2e) WolFe] VB-Col ol #4EA FE5e AEst

Table 4. Induction of virginiamycin production by synthetic
VB-C in various mutants

A: Mutant No.l

VB-C addition  Virginiamycin production time (hour)
(100 ng/mJ) 12 16 20 24 28 36 48

Inhibitory zone (¢, mm)
+ - - - — -+

- - % 13 12 13 15 16

I+

B: Mutant No.3
VB-C

addition Virginiamycin production time (hour)
(100 8 10 12 14 16 18 20 22 24 36
ng/mi)

Inhibitory zone (¢, mm)
+ 14 16 14 13 12 11 11 11 11 11
12 12 12 13 13 13 15 12

C: Mutant No4
VB-C
addition

(100 26 28 30 32 34 36 40 42 44 46 48
ng/ml)

Virginiamycin production time (hour)

Inhibitory zone (¢, mm)
+ -+ 101 10 0 — — — — -—
— - — — — * 10 11 11 10 10 10

VB-C was added at cultivation time of 6 hours (A and B)
and 24 hours (C).

sdt}. VB-C 37} A7), mutant No.l, 352 7% VB-
Crt AA=7] Al EuljoF 64174 o) §4 VB-C(100
ng/ml)E A7}stgl o, parentdol ¥l receptor AAt
A1717} =L celld} VB-C7} QA= A] 94+= mutant No.4
2} 7% receptor7} A= 7] Al 12417 o] Aol
34 VB-C H71A) VM AAe] Mas|n2 (A7 =|AA)
receptor7} AJALEl 24217 R0l 718l Table 40 4
vehd wie} o], VB-C 44HA]719} VB-C receptor A
ALX) 717} parent#} fAH} mutant No.39 734, VM
AAol 4A17} ZAEow, frE 27|¢ JYEALS
oo} parent7(Table 1 ZZx)¥r} o7t Z7|jE 71 A
ArEl receptor®] <Fo] parentz®rl W& AT} A}
259}k VB-CY VM A4k FA7]53 Fadsted, cell
WellA VB-C 44t Aso] o FAER JAiksfe] w
gfolw] AAFA 717} )¢ =ovKTable2, 3) Euj 24
A|ZHs VB-C A7loll o8] 34EA AAle] 23218 mu-
tant No.42] ZA3KTable 4)¢}, VB-C AAHA]7]7} H& =
Z 3453 AQAle] x191% mutant No.19] Z3KTable 2,
32 EBE] VB-Cx= VM AAHg-Feol= sl VM A
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Fig. 1. [*HIVB-C, binding activity of cell-free extract from
S. virginiae (parent) and mutants

Each cell (1 g wet mycelia) was disrupted by sonicator for
1 min 2 times at 4C, and the crude protein solution prepared
by 30~50% saturation of solid ammonium sulfate was used.
Each 100 g of the crude protein was assayed for [*H]VB-
C:; binding activity described in Materials and Methods.
@: parent strain, V: mutant No.l, ¥: mutant No.3, [J: mu-
tant No4.

A4g Z718h trigger24] AH8-3cba AbR = o) g4,
receptor?] 7]%-3% #=5}e], mutant No.19] 7%, rece-
ptor7} A4E7] A VB-C #H7lol o3 FAEA A4t
FESE HolA ¥ 23 A4 AMHE Holow,
0]+ Yanagimoto 5(17)0] R.& wlokzr](Hul ok 44]
7b o]A) VB-C #H7[A] VM A4le] A= B
A=)kt =3 o] 22 E¥= receptor7} A4rE 7] A
(Fig. 1 3=x) VB-C ©t52o2 & FAEH AAbe)
dAlse AH%E FA=HA Nodd] 754 % recep-
tor A Aol BufoF 12X|7F o] "ol VB-C H7A]| &
AEA Aate]l dA" AINATG wAAE RS
™, o}& ZAF}el|A B o S. virginiges) )14 VM At
Z71e| VB-C7} d5AHoly VB-CY AlzAdde] of
VM QA 2212 receptore] ERsledl 4] dejrdetn F
A=At

VB-C 7t % a|&7il Q& REE USRS g
spectrum

Table 49] Z oA EujF 6A7H4 VB-Co H7HA]
mutant No.19] A-$ele VB-Coll 2§ fxso] g
o No.3¢| 7%l VB-Col| 2}3 f-=%°] parentd =}
A9 -§-AFeteich. 7hebA] parentd# mutant No.1 ¥ No.
3 FF7) A FAEAY FAMES AES] S8
Gram(+), Gram(—), % 59 FAdE o2 37

spectrumS ZA}sgAch Table 48] AFZHE FAE
Ho] ks A Zkchell v fAHS S 1 m/4 sampling3}
o A 7+ A RE9 &F spectrum Table 50 +}
ghuiglct. Parent#e] 7%, VB-C 37} % wl37bA] v
5%k 3F spectrum® el 3, mutant No.12) 7
Sl & VB-C H7}A| A5 Yito] JA s o] Fu|a2
A EATS YArstgden VB-C v|H 7] parentd 3
SAbgE A3e Bolvt Candida albicans KCTC 19409
N FFH-S Jehlodek g9, No39 74 VB-C vl
#7}A] parentdFoll vl&} Psewdomonas sp.w+3+ Mycobac-
terium phlei KCTC 19329 3t s#3L ehlA] ¢
gkom No.lx}t 7o) Candida albicans KCTC 19409l
g §FHe Yehigla, VB-C A7l v 37iA e
2] 238 A= A% Jehisih w24 Virgie
$(20)°] HPLC ¥4-& E3od VB-C 37} & # 37 el
VM-M % Sute] AA A A4aFErf dojdri BaL
& ulel zrol parentdell alolAd VB-Cell 2§ f=v
VM-M % Sol| dis) Eo]Holatx AlgEglom, ol
o] viebt parentd##2] ¥ spectrum ZpolelA Z
w], mutant No.13} No.3& VB-C #Hrlel] 23t fx=7}
old wWole] 23 VM-M o S AJakeke] o] R o8
g EA-e Aate] FA=HG

SHUEAIS HPLC 4

Table 594 v}eld 37 spectrum®] xpo]ZH-E] pa-
rent7 2 BolF No.l3} No3F7t AAatshs AEAL
patterng ZAFs}7] $#] VB-C v|A7HA] Aibksle &
RBEAS HPLCE Fsle #4431tk Fig 204 ®.al
u}e} o] parentdo] AAHEH VM-M3} S peak®] reten-
tion time-¢- Zt7t 64 min ¥ 11.1 minth el 4] vielytoH,
2 HA-n)-§-e 27t 4% A= (Shimadzu chromatopak in-
tegrator A, A3} vlAA)Y] ko= A=t §HA,
mutant No.19] 2% VM-M2} A41e 6.4 mindjel] B]x
3t 4%y e 2 AZ2Et VM-S 11.1 mindol] 53] 7]
240.6%)°] AAr=E et =3 No3e A$ VM-M2 64
mint o] 35% HE A& VM-S& 11.1 minth ]
2u] o] 4H7.8%)°] ZHEEHt) olE VM-MSe| Aibes
2! HPLC patterne] o2 Aol fraction'qd 2 ¥3 3}
B. subtilis PCI 2195 x}4-3) 3#4-& ZHEZ A7, Ta-
ble 6] 4] H.ql u}e} zFe] parentw#9] - VM-M 9
S, & fraction No.2 B 5ol 4]ute] S Jehfgic)
Mutant No.12] 7% VM-M-2 Z 33}l fraction No.2,
3, 4ol = sFEe Hed o} VM-S &H(fraction No.5)
o A+ dEE el A] 992, mutant No.3- pa-
rent7 3 7to] VM-M 2 S(fraction No.2, 5) ¥-, 28] 3
fraction No4 oA 73 FFHE Hch we=hA
HPLC patterne] zpo] % #22] Ao]24-E) mutant
No.13} No.39 7% NTG Ajgle| 2sf VM-M,S A4t
gko]l Wizl o VM f54 22 o FYEAY AQale]



owny Burdutes , (W GZ 9AOGR 4 + + + + W QF~(F : 4+ + + 4+ ‘Ung 61~91 ‘++4 4+ WwWw GI~g] {4+ wWwW ZT 4 ‘uondupord oN ) 0z
ATORqQUyur Jo 19j9WeIp (-~ ‘4, 7 SIgR] Ul POGLIDSIP S [EOUAPI JSOWE 319M SUDHIPUOD SINYNY) SINCY g JOo Swi} UOHBAIND JB pappe sem (A Jo pu/Bu ooy

+1

+H

€004 OLOM

SUDULIDIOIU SNIIOI0IGRLY)

0v61 DLDH
SuUvRq DPIPUDT
1sESL

o S
4+ +

++ 4+

A+

+ 4+

++

+
+

++

o+

Fhbt

44

++

o+

+4

++

++ +++

+H

+ -

0e61 D.LO3

DSOULTRABE SOUOUWOPRIS,]

Licigenie)]

SUPISBLONT] SDUOMOPTIST

0612 DLON
SIUdT04D 421IDQOAIIIT
€261 3104
202 DIYINAYOSH
T0EE0 Odl 21—
YOI TIYIUYIST
(—)ywelr)

++

++

St

-+

++

++

++

++4

+i

++

++

++

+t

I

b+

FHt

FH+
FH+ 4t
+H+ 4t
++ ++

e an IR ST

++

+o

et

+

ot

e

4+

+
+
+
‘+,

o+t

bt

++

+++

+4+++

F++

++

++

e+

+++

44+

+++

++

+H4++

+++

ot

4

++ R

Ftt+ +

++ ++ ~

+ 4+ +

+ 4+

+

++ -

+

2€61 10
121yd wrianqUISHy

2501 DIOM

SUDMTIUS WRIUIIDGOIEHY

€899 DOLV 617 104
SHugns snjjvg
LBIZT 041
STUAD 1YY SNODY
cIe6e 301
S11p220f $1990001424S
L00ZT OAl
Stjony $n200203¢a41S
4261 DO sneane
SRID000)AYGDIS
{ +)uein

91

14!

41

9 ¥l

al

14 144 8¥

¥

J—8A+

O—-8A-

J2—dAa+

D—-4A—-

43

ot

8 91 ol

J+HA+

J—dA~

CON uempy

T'ON JueIny

JuaIe g

sulenys 359y

€ON pue ['oN spuepnw ‘Quased) anugina - &q padnpord sagolqpue jo wndads [eIONURUY G IQEL



-

Virginiamycin 82A] Virginiae Butanolide %! Receptor2| &#ZLH 65

Absocbance at 305mm
{
[ ~ 8.415
.
’\—W 1.0
Absorbance at 305m

M S
2 ®
MR
) ‘M“ rn/"\/\ \'r\ K
o 2 4 6 8 1w 12 2 4 & & o 12 14

Retention time {min} Retention time (min)

¢ D

£

W

8 ¥

- w0

® 8

g M s

2 . g N
- © 1=

2 S s 2 M-
< 2 2 ps

: : :
,\Tn’\-’\:
T 4 & 8 10 12 A o 2 4 & 10 2 14

Retention time (min) Retention time (min)

Fig. 2. HPLC chromatograms of antibiotics produced by S.
virginiae (parent) and mutants

Culture conditions and analysis procedures are described
in Materials and Methods. The elution was done on an ODS
column (Shimadzu Shimpak, 4.6 X300 mm) with 60% CH,CN
containing 0.1% TFA as solvent at a flow rate of 0.8 m//min
and detected at 305 nm.

(A): standard virginiamycin M and S, (B): parent strain, (C):
mutant No.1, (D): mutant No.3.

Table 6. Antibacterial activity of HPLC fractions from Fig. 2

Antibacterial activity®

Strains
Fraction number®
1 2 3 4 5
Parent + + — + +
Mutant
No.l + + + -+ —
No.3 + + + + + +

 Antibacterial activity was detected as described in Materials
and Methods.

P Fraction number (retention time); 1: 2.0~6.0 (min), 2: 6.0~
7.5 (min), 3: 7.5~85 (min), 4: 85~10.8 (min), 5: 11.0~12.0
(min).

doldehn ApEs T
2 ¢

S. virginiaeol| X virginiamycin AJAtE o) Foidl=
B3EEA EA4 virginiae butanolide C(VB-C) % rece-

ptor® FE7]FE FH37] s, NTG Ao 23
e 3FF WHol|FE AMEEtY fEFe IAE A
E3tgdch #2]g 3717 WolF & No.l& VB-C, recep-
tor ¥ FAEA Qi 24, No.3> receptor tHFA AL,
No.4+ VB-C 24, receptor 2 FAEA A4rA] 7] 2]
9 54% Jehigck ol WelFy §A4 VB-C A
7t 93 frEFe EAL2, Nol9 7% receptor A
ARA) 7] R|do g Q1 SFAEA A o4, No3o 2+
t}eFo] receptor Ao ® Q¥ fFx 7] FAEAS
A Z717F vehgew, Node) 73 A3k 49 rece-
ptorE Aol wel AdAel FxFE 7HESel A
Ab=)l e} VB-C A2 2 Qg FAEA A 7ta
2 A7) A T BN A Jepich =7
o5 wWo|Fr} A FMEAHS I} spectrum %
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o] A3 Ao wE FAEA Frrt dojdoi Hwt
Hr} x£3F o2 VB-C*, receptor- @ VB-C, recep-
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