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2.1. A FavilkagE cRa

REBRIH 7 BEERMILI TR RBATEAND A T 37 (Ginkgo biloba L.) DR 5
FHLANVABEY ObOT, WRKFERFB B GRE R AR R B AL
FHRFEE THAAHERE L T %0

HEACER T B RAAE, S00ml =M 7 9 2 2% A CHEERE 5 853 (150rpm, 26.5C, K
BT 24107z =M 7 7 AT 7 I 0.lmg/l, 41/ b= 100mg/l, ¥a—27H—2A
30g/1, 2,4-D0.5mg/l, # 1 % F > 0.4mg/l % & ¢ Linsmaier & Skoog® tZE5:4 (pH 5.8-6.0)
90ml % A, FIHIHIAEEE A 20.0mg/ml & 7% 5 X 912 3B EIZHAL &kt L7z,

PR - [IEEERICIEAERE (B 0 18mm, & 1 150mm) (X 2 HEIRE ) ¥4 (300rpm,
26.5C, BEHT) & HW72. K14 H H OMAE % 50mg/ml DWEEEIC 7 5 & 9 ISk AE L & [/ LR
WTHHEL7zd &, HBREICSml OB L7z, 55480 H HIC MVA A£G BRI ER 0 2 ~
N7 F v, MVA AR HER] O chaetomellic acid 7 MU 7 A5 IZy =~ A >,
A7 TV EGRMEROY T ITY U, £ MVA BLOZOR#WTHL f-2 PATH—
VERMLZ. 5HH, 10HBIZREBEEROMBoERER, FMOSERLHELL, 512K
AL % %9 200mg 3™ OREFE L CT-80 CTRAFL, A7 u— Vvaillgfly» 7 e Lz,

2.2, BEEFHORAR

Ty (Z48 W) LD 1, ArREFERRICT 2 b o BEIoLEY R T AL L TERE
LTV, V=B~ 1Y (BIOMOL) 13 DMSO IZEf# S8 Th 5kEH (1.0 x 10-3M)
%5 72, chaetomellic acid + + 1) 7 245 (BIOMOL) (37K (5 X 1053M) 8L 72,
Y5 TV VER(SIGMA) & pHT7.5 D) YRS 1) 7 LR % FIVCT 0.4 X 103M A R L 72,

B-Y PATFU—VIETE N VIEPLTAX I02MICHE L2 MVAIZ AT/ 527 F U %
FEBRKI AR S & CRIER E [FARIC MVA KR Z R L 720 TN TORBREIE 7 ) — v R0 F
NTHESMEL, 4CTHRELL.

23. AEELEEROAE

Ml ER R e RN T — FTAH@E L, A IS 7oAl 2 0 TR 1ml & 7-
D OEEE T HE L THIEOMER L L7z, KA 0EES % Twin Cond B-173 (9135 H#
e 2 FHWTHDE L, BB OHLY) AA 2R L7z,

24. B-YPRAFO-ILDEE

Mgt o 2 70— Lo, Bligh & Dyer® 12X 2 5 EESEIC L7, Bl (EEE
#1200mg) 12A% /=) 2ml, Z7OuFRNVA Iml, 7K0.62ml Z 70 GHAZHIZ137K2590% & F
NBEMEL, &L LTAY =) zaafRih 1k=2:1:08%%5% 9121k, LT
Wi L7ze 70BARVAZSHIZ1FR (Im) WML CTHEETL L2 2RV ELZO LR
LEIZR L, 2,000pm (700 X g) TI1045ME.GHBELC, ZuakvakgzmiilL, #A7
u<x b7774— (GC) HMHY YT L7,

B2 70— )V oBIZ T 0@ ) 1T o 720 A AmL A F T > 2ml 02 T
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WZENX L, KT v 7 AT30 %, 2,000rpm TH 10 7353 03 8E L TAFH 28 1 ml 2 [
WL, GCHMTAY>»TNE Lz,

T INVICHELEOT N R, F=O Bis (trimethylsilyl) trifluoroacetamide (H LTk
%) ZHWTTMSALL, GCHMT 21T o720 MEMIL -3 b AT 0 — Uiz W TER L7z,
Mg f-2 AT —VEIIEERESH ) OFERETRD 2. GCOFRMZITITIRL 7,

T - GC-14A (BEEEERT)

Wit @ FID (H, 0.6kg/em?,  Air 0.5kg/cm?2)

7 & @ Capillary TC-1 (0.25mm X 30m ) (¥ — T = 2 Ak eth)

Fx ) THA N, (1.5kg/em?) (A7) v bH1:24)

BT ARE (FR7E774) 0 150C to300C (10T /min)

300 constant (10min)
300C to315C (15C /min)
315C constant (5Smin)
WHEALEE £ 315C

I.EREEE

3.1. AN FUMEBEBHAICHT A0 (MVA), B-> FAFO—JLDEE

Y87 F Uik MVA BREEOHEBEFE CH % 3-hydroxy-3-methylglutaryl (HMG) -CoA
reductase (HMGR) Dt ERWIHEHRT) Th b, Wil T 237 F 2 % Fv 72 EEBROR 5
oA T a THIERERICBVWTAT U= VA MVARHTERSNG Z EAVRESN/228, 38
FIOWMEEI DB ORMDH - 720 BIEE 3, 6 HEIWCY ¥ 7Y v ZF&2iTo720, Thid s
PHIHMIATIES D& b RE Do 7z, 40, MoORERMERICEHLETY > 7Y v 7 HEE (5,
10HH) L@migrEz2 2 bS8 S OICF A T — % 2155 72O ICHEREIT- 72,

IV F U ORMEEZFRE L7224, 7.0 X 1005M O & X IZHIBEATER L 22 WAREEIC
WA THET 52 LD a o7 MEF DR F O — b I v 87 F 2 EHIE TR A5k 2R
ENz (F=FREFK) . SO V37 F VML LT3.0 X 104M O MVA Z iR L 72 &
Z A MR (Fig1A), BHKSORY A& (Fig.AB), Mgtk o -+ M A 57w —)vi (Fig.2)
DFTRTCUIBWCHEEMA RSN, TEMEIIFERTE L o720 00 3 237 F VAL
&5 A F a oEREMBOMIERE X MVA OFRIMC & ) BEEDZ Re5, 2% ) MVA #Y
DSHNEBIEIE I ZHTH A Z & DSHIERR SN2,

WA V87 F BT 2 f-Y P AT E—VOEBIZOWTTHAD, T2 NTF
VLM AT LT 1.6 X 10AM DEET f-3 NATH—VERMLE 2 A, e R
Mipasgss (Fig.3A), B oBy 24 (FiglB) HICEEIIZE A EALNLZ D> T2,

DL ofER2 S MVA BEEICBIT 2RO HR T f- 2 FATE—IVOADPREIZE D> T
LI TIE RV EPFEER SN,

3.2. YZ=H<A >, chaetomellic acid > kU LAIEDOEE
ATFa—=VPAo Ao CEREE LT, )3y vsEE T 7 vk v b s o
JERBRIFHLIENTENTEL, v=h~vAv Yy (Figd) &, 770 inveny) VEgERPS
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Fig. 1. Effects of MVA addition on growth of compactin- treated cells.

A: fresh weight. B: conductivity of supernatant of cultivation mixture.
1: control

2: 7x10->M compactin

3:3x104M MVA

4: 7x10-°M compactin + 3x104M MVA
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Fig. 2. Effects of MVA addition on S -sitosterol contents in compactin- treated cells.

1: control
2: 7x10-M compactin
3: 7x10->M compactin + 3x10"*M MVA

N-ZJas Wby V0 B a BT 55 V7 EN-7) A VTV A7 2T —EOHEH]
ELTHY LwvbhTwb, %72 chactomellic acid + + 1) 7 43 (Fig5) &7 7 VALK
Oy VEEPS T 7R ILS VX B EAR SN ABICEHBE T LV NI VAT o
I —ECORRIEEXTH 59,

ANT Y ERIREEIC B A AT 0 — VPO OB L WD 720124 F 3 7 B Y
ZAYA VY, HDH\idchaetomellic acid F ~ 1) 7 A¥EE FNFN4 X 105M, 2 X 104M D
FECTHRML 720 25 OAEARAER O L ) MlgowiEs HE S 7z (Figo). 2HZ &
A S MG IZ A T a0 — VDS A3 VR S B o Twb 2 LSRR S L7z,

LZATIO 2 FEOMHER TR L 7= g o A 7 0 — VLB I ZBBRER W E T AT S 1
720 Fig7 V2V = <A ¥ Y IRMOFERE/R LD, 32 ba— LV CllME L2 Sk h -
TR DO AT I~ AT a— VS, EETELRWVIIER SN2 ETHD, 512, FAERICT
YEE— VTR ILMETH o 2T o f- 2 M ATFa—Vhs, b0 2 FEOHER CHLE
LR Clda y ba— L L CE i s/ (7= 7 £5H5) . TILUEIMVARKICE
J2 A7 8= VUSNORBWOAGEER T HE L 72720, 232 Pa—LVERBLTEINS LD
TP IVARYNVERY YD AT O =V OEEBREANTN 20 EEZ SN D,

33. Y5O UBMEBHEEICHT S -2 FXATO—-ILDE

oIV UM (Fig8) AT H— VOREMETH LA T Ly HEGHT 5 A7 T L v SR
FOMEHE LTH EELNTNE 10 0 a2 80 F i3 A7 0 — VSRR TIZIERIC -
MOMERTHALZ L, AIMTHWAT Y I RV F 7 0—L4P450 £/ +F 75 F—+E
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Fig. 3. Effects of [ -sitosterol addition o

n growth of compactin- treated cells.

A: fresh weight. B: conductivity of supernatant of cultivation mixture.

1: control

2:7.0x10"5M compactin

3: 1.6x104M p -sitosterol

4:7.0x10-5M compactin+1.6x104M f -sitosterol
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Fig. 4. Structure of tunicamycin
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Fig. 5. Structure of chaetomellic acid sodium salt.
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IHAET 5 8 K F RGO ERZ BT E VbR TWE D ZEens, 270— kT 5
FRAHER & LTI TV U R IR L 72,
REERROHBIZ24 X 10M OEETH S IV VEEFEHTICINZ 5 &, MM I3
AT L 2 WERREIZHIZ bz SOZENH AT T L ¥ OEABRHEISHIL OB % FHE S
BZEDDODBEA2X10MD f-3 P ATFO— )V TIZMIBOBEIEIZIZIT L A EHER LW E
ZREFAL 72 LT, 2.4 X 10°0M OEFETH S TV VB Z D L CHERBEETE % [HE L - B8
12X 10%M® B-¥ M AT E— VI, MBEEICEEI R 2089 2N 222
10 H B OBl E4E 5258 L7ze MBERIEIEE W LV CRIE L Ad7: (Fig9)o 79, 4%, b
YEOA DY, ¥4 ARG EIICBWTO AT VOEEREHETLT7 VI F—Lb L
CIEZFOBBAERNIC & o THE S MBI LS, FED AT 2 — VOIS & ) s2&2miE
THIEPHESN TS 12, FRICA F 2 7ERABICBWT -3 b A7 10— LA R
ICHETHAHZ DR SINT,

72, MilghoxTu— VvEE AL E, WIITTUVMEMZIZBOTIE, 3 ¥ ba—)Lb e xR
TZOEMPHL DA% (Fig10), EEGRPHESN TR LD0b05b, £7/2, f-T FAT
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Fig. 6. Effect of addition of tunicamycin or chaetomellic acid sodium salt on cell growth.

1: control
2: 4x1075M tunicamycin
3: 2x10-4M chaetomellic acid sodium salt

T—VERMLZDOTIEMBETO - PATFE— VERI Y b= LERRTOLWHLRICE
Vo I IV VRN B- 2 FATO— L EMZAZLOTY, ARy ro—L X
NHZED -3 FATO— VPR ENTZZDOZ ERPLEMLT f-3 b AFa— VAsilliah
WKLo EBDAFNTVWEZ EPMHRTE 2 LAL, f-TY PATO=VDOAENMZ 7
falkaryro— Uil s 2 KL CA B L, Mlgho - b ATu— eI S 2 RENDD
OO (Fig9A) (BB 2RI bk, $7-, BHoEEE (Fig9B) #It
NHE B-V MATEH—VERMLIZHFRE Rl R L. AU M OB E IR H
DF DEHBE GO ARSTENE VD T EEFBEERT L, K7 IEEMETIEA T 0 — V25l
BEOREEEZL S, BHESOWM Y AR ZEESETHE I EAURBE N1 1 Fay
TEHERDLBETVALNT. HDHVIE, WY ARPEL o720 TR, ATU—VENZS
Z L TRMEGOMBANOI Y AHR LD b, T ORSOEPA~OBEDIZ ) HIEIIC
ol EbEZONL, SO LI L CIEEROZLMELR &V OPOER DB D - T L
720, Bk dBEA%*%ET 5,

A F a EEMBICBIT A ATFa— VOBEICOWTIZE b b v, A7 0 — LSkl
BB THL O LW LSRR 572 72, —FEEHINT L, TR ERLELZ W
ZEbFHEINn,

Dhkageowzs, 4753 vEEMRICESGHRBERE LTFIITI VB, a0 37F %2R
M35 eIz k )i HESN, Mlgho -2 M ATu—veEdEd L, 7T



A7 2 THIEE RSB 5 A 70— )V LT (2) — A0 SRR OB — 53

X

stigmasterol
B-sitosterol

B-sitosterol

stigmasterol
campesterol campesterol

!l Ll

etention time (min.)

Fig. 7. GC profiles of trimethylsilylated cell extracts after cultivation for 4 days.
A: control. B: tunicamycin addition.
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Fig. 8. Structure of zaragozic acid

FRALERAENLIC -2 P AT H—VERINT 5 &, MEOMIESEE L7z, £/, 2237 F 4L
BRI Ao O BRI L 72 & 2 S MR ORHIZRIE T 2 HmE A7z, — T 8y F ML
FHIIGIC B- 2 PAT U= VERRIMLZ L M ICEBIA SN h o7z, T2, V=
#< 4>, chaetomellic acid 7 b ) 7 AXEIZ X - THMBBIHIIHE I N2 SNHEDZ LD
SAFaviEEMiaox o BRI oOhTAT O — VIGHEEEICB I 2 EELFFO—
DTIEDH DN, Mo A0 A S MG 5 %H 2 H - Tn b 2 b o iz,
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Fig. 9. Effects of B-sitosterol addition on growth of zaragozic acid-treated cells after cultivation for 10
days.
A: fresh weight. B: conductivity of supernatant of cultivation mixture.

1: control
2:2.4x10-°M zaragozic acid
3:1.2x104M f -sitosterol

4:2.4%x10°M zaragozic acid+1.2x 10-4M B -sitosterol
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Fig. 10. Effects of B-sitosterol addition on f -sitosterol contents in zaragozic acid-treated cells after
cultivation for 10 days.
1: control
2:2.4x10°°M zaragozic acid
3: 1.2x10*M f -sitosterol
4:2.4x10°°M zaragozic acid+1.2x 104M B -sitosterol
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Summary

The relationships between metabolites formed by the mevalonic acid pathway and cell growth
in suspension cell cultures of Ginkgo biloba were investigated to clarify the roles of phytosterols.

The addition to the culture of zaragozic acid, which is one of the specific sterol synthesis
inhibitors, resulted in a reduction of cell growth and f -sitosterol production. When f -sitosterol
was added to the culture, the negative effect due to the zaragozic acid was, to some extent,
reversed.

The addition of to the culture of compactin, which is a specific inhibitor of mevalonic acid
synthesis, brought about decreases in cell growth and f -sitosterol production. The addition of

mevalonic acid to compactin-treated cells induced cell growth, although that of f -sitosterol did
not.

Reduction of cell growth was observed when tunicamycin or chaetomellic acid sodium salt was
added to the culture. Both of these are inhibitors of the synthesis of modification proteins.
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The results obtained indicate that f -sitosterol is one of the indispensable factors for cell
growth, while other metabolites such as modification proteins formed by the mevalonic acid
pathway might participate in cell growth.

Key words: Cell cultures of Ginkgo biloba, Sterol, Biosynthesis inhibitor, Cell growth,
Mevalonic acid metabolites





