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Summary : A protoplast fusion between Gibberella fujikuroi IFO 9977 strain and G. fujikuroi
IFO 31251 strain was tried to form a fusant producing greater yields of gibberellins by the mic-
robial conversion of (-)-kaurene with higher biological activities. The maximum yield of protop-
lasts from G. fujikuroi IFO 9977 was obtained by a combination of 5% Novozym-234 and 1% chitinase.
On the other hand, the maxumum yield of protoplasts from G. fujikuroi IFO 31251 was obtained
by 5% Novozym-234. In the case of G.fujikuroi IFO 9977 strain, the optimum centrifugal force for
separation of the protoplasts from reaction mixture was 1000Xg. In th ecase of G. fujukuroi IFO
31251 strain, that of the protoplasts was 750Xg. It was found that magnesium sulfate was more
effective than mannitol as osmotic stabilizers.

Protoplasts from G. fujikuroi IFO 9977 and IFO 31251 were fused with polyethyleneglycol.
Strains which were grown on a minimal medium agar plate were transferred to a screening medium
containing kaurenoic acid, and 1l6fusants were obtained. Fusants obtained on the agar plate were
named as fusants 1 to 16 according to the order of increasing ability for formation of colony.

The amounts of gibberellins produced by the microbial conversion of (-)-kaurene with the
fusants 1,5 and 6 were larger than those of their parental strains. However, the amounts of gib-
berellins produced by the conversion with the other fusants were imtermediate values between those
of the parental strains or lower than those of the parental strains. The biological activities of the

gibberellins from (-)-kaurene with the Fusant 1 was higher than those of the parental strains.
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From the results obtained above, we found a fusant strain, Fusant 1 that produced larger amounts
of gibberellins with higher biological activity through microbial conversion than those of the parental

strains.

E 5 M0 Gibberella fujikuroi IFO 99778 & G. fujikuroi IFO 31251% & o i fid @& 12 &
D, BTV OMERERICLE IRV YOEEICHVWAE YNV YEERYE LEOEY AL
) VEN R ROMAE A ER T 5 2 L 2 RM 2, G fujikuroi IFO 997TH L D71 77 A+ D
FKUE (S B RIE R ) KA 1234 5% & FFF—¥ 1 %2 MAEbEGEIHBONT, T
G. fujikuroi IFO 31251 A5 D710 +7F A b DORAINEL /) FH A £234 5 %HEMTHNHEIC
Bont, 70 7T AN REET S OOREREMEORLING, G fujikuroi IFO 997TH D
£1000Xg TH Y, G. fujikuroi IFO 31251H DHAT0Xg TH oz, Tz, 70T T A MFREERIC
T = b VBT A VY A0 2 BEOBEERER 2 ER L2, = b-v XD bR~
TR LD ENRBEEREHITH 072,

G. fujikuroi IFO 9977H & IFO 31251 BA SN T M FSA M &R TF Ly 7Y a— )ikl &k
DHIRIRLA L7z, B/NEHTET L CEMARE I YLV VBERE OGRS ) — =V IR ETER S
7. ZOMAHED D bau=—BEEENOKE I CREERENR VL E R, a0 = —TKE
HOKERIBEIZIEORBMAR (MEH 1 ~16L BT 2157

VR S N7-RETHE 1, 5, 6 WA L Y OMEWERICE W ERS WYL Y EIZTE
BROFNS L) bEh o728, MMOBMEE OB ITEKO PRI REIZH 2V IZENL L) RN
ETHo7, BEHE 1 ZHCMERWERIZE ) ARSIV Y OEYEER, WHKOTH
LEDLBWMERRLDS, BIAHE S5, 6 DFNSEWHEEOZNL OFBWLEEZRLZ, Thb
DEBRNS, “FD G. fujikuroi BOMBRAIZ XY, WAL D O IRL Y VIEEFEL LELD Y
NV VEERDOBCEBARE AR T2 I LW TH L Z LBTD 272,

1. #

il

IRV VIO ERERE A S M0 CHEES Wt RV E v o— B CTHEIRER R, FIERE
Ve, MBREEOHER, KRITH, MASHEZEORIGECEOEBERLET 2", BELHEDY
RLYyBHSERTWEY, Lal, BEEE(FHERTWEDEIYNLY ¥—As (GA3) DA
Thb, FRUHNDIRLY VIZDonTH, HIRICERT 200XV Y2 AFT500H LW
7z, FRSOFHICOWTIHIEERZE S Tnian?,

oY I3 AF (Cryptomeria japonica) DEIZEIN TV A—HOBRKY 7 VRV RIKE, 7Y
Ly OWMAEWMERIZEY, ZEOVNLY) UFEERTAZ L EHRET S LI, ERLATINLVY Y
2 GAs LD D BICHBVAEMEEZ2E TSI LERLE, ELT NMMAUT 75—l AT L
Y OBEWMBERICE B YRV YOEBICOWTRET L2, 512, 108D G. fujikuroi B % v
THEMERIZE B VRV VEEROBVEDRA 2 ) ==V FEITW», INLY VEERPEL L
PLHINLY ViEMERTE L LT, G. fujikuroi IFO 977H % RV 72E L7 Ly LADS, &
DY ERCIRETRENE VS, ERGERSETTLREDRS>72Y TOREEEET ST
W, B TRYNLY VAEEROEVCEEESENT, 22— Y FIX )RR 2 EOH,



G. fujikuroi B TFO 9977H & IFO 30337 W& D70 F 75 A MREIZ L 2RAH OEH 2 KA 720
ZTORR, MBHRLY DB INRLY VAERELET 2 BOMAE2EHTE 225, Z0RZAWV
TR BRI L D EFE S N2 IRV Y OEYIEREZ, BRROZFNS L) b EL h ol #2T,
KEFFETIX, YNV VEERE2E LEOB YNV VigH%2ED 6. fujikuroi B BERT 2 —8
ELT, YNV VEERDOE 2D G. fujikuroi W, IFO 9977F & IFO 31251 e n 7 r 7
TAMNMEEITo720 FLT, BONZRMAREDOA T L Y OBEWERIZ L 50XV v EERE D
WCEIUCE D ER L2V RLV Y YOS 2 R,

2. ® B’

2.1 EE, hyLooBg?

EREGFE (BREAILTH) PICHERENTVEAFOENSIES Y oFEIC L) BEEL 72,
AFXFDFE (EEE10.6kg) & n-~FH 2 CEHE L CRONLMMEY (260.09g) 23U H 5NV
HILZOAI T T T4 =P, n-~FH U THBELZ, BHEE%Z TLC TE=F— L5,
WO VYOFETAHTII 7 arv2EOTREL, AT LryI75 73y (26.76g) #1572, H
IV IS varvkAY =V T—F)=1:1(v/v) TEEL, HE&ESE (11.03g), mp
46-48C %87z, (= :0.10%, xI4ER) (lit. mp 45-47C) Y HEEL =~ L 2 id, BidR" CHigE
LichoLye@afRrzuax b 7774 -2, RFERP—HT 5 2 LB CIRBAERICL -
T, ALy THHT LaMERL,

2.2 Gibberella fujikuroi B OIS

2.2.1 #HE

K7 byarzu—AEHY L CTEET SE G. fujikuroi IFO 9977H R U IFO 31251H @ 2 %
AVAR

2.2.2 G.fujikuroi BEIDETEBIEDIER "

300ml D=7 5 Z212100ml ® ICI KD (N40%) % ANCTIIBURE®, 2 BoMREE 18
SHBE L7, SH2B5CTL~8 HETIRE 3 8% (150 rpm) L7z, O 1 HEIC10
m &b, 77F—u— b THHAL TERLEKOERERZHIE L,

2.2.3 HfkiEE

300ml D=7 5 Z212100ml O ICIEHSY (N40%) 29EL, +— F27L—7 (121C, 20%)
TRELAbDIL, 2.2. 1 TR 2EOMKEL 1 HEHF I OME L, 25C, 150rpm T2 ~ 3
HRERE 5 B& L7,

2.2.4 7OFTSZ OB
A. FHER

3EOEEE, )T —+¥ “ONOZUKA” R-10, / KH¥F A L& 234K *FF— ¥ ( Streptomyces

griseus %) #fEH L7z, £V 5 —+ “ONOZUKA” R-10 R/ FH A & 23413 %K 4 ¥ 7 v MK,
IRINVFAARINAFA VTR M) —WEIVBA L, FFFF XTI IANVARE
DEEALZ,

B. 7u b 77 A



70 N 75 A FORBIFIR OFECHEL THFo77, 2. 2. 3 DKEHT G. fujikuroi IFO
997713 2 HF, G. fujikuroi IFO 31251 & 3 HREMAEE L-RERE AHI L, BREL 8IS
720 K4 DOHEAE (1.0g) ZREEICHY, TmIRLHKkL RBERLMAGDEIER (B
FWA~T]) (5ml) 2z, BCTH5EMIEE S L7z (165rpm)o G. fujikuroi IFO 99778 D5
B, BEBRA~GRHA LY, BERA: /JEX¥FL6 (N) (2%) £¥FFF—+¥ (CH)

(0.2%) #%&10.6M MgSO4 A, MHEWB I NV (2%) LCH (0.5%) %&$0.6M MgSO4 &
W, BEEWC NV (2%) ¥CH (1.0%) % &0.6M MgSO« A, BEZWD I NV (5 %) &CH

(1.0%) %#&t:0.6M MgSO4 A, BERIE NV (2%) &CH (1.0%) #&40.6M ¥~ = h—
VB, BREWF NV (10%) &CH (1.0%) %&$0.6M MgSO« &, BHRMWG 1NV (5 %)
LtV F—+¥ (CE) (1.0%) #%&$0.6M MgSO4 o G.fujikuroi IFO 31251 W DIGE 1%, BER
WA~E, H~J %M L7z, BEEBH NV (5%) %&80.6M MgSO4A. BERW I I NV

(5%) LCH (0.5%) %&10.6M MgSO4¥&. BERW ] NV (5 %) 2&L0.6M v =k —
VB, TSk, HIRXA T4V —2BOTHREIAEL, RRENF 2 BRW-%&, Sz EL
SHE (298, 1000Xg, 100°F) LT, 7O b 7SR M2k EsE, LEREZETRE, 0.6M
MgSO4 F72130.6M ¥ > = b= VKBHZMACTHEL, 70 b7 IR MNEREBEH, ERLL
a7 A MUIIMEREHEZR I L D EHIIL 72,

2.2.5 #HEpama®

B LIS L TiTo72. 2.2 . 4 THB-2BOBEO 7O 75 A MEEE (1 X10°M#/ml1) (1
ml) ZEESL, THI0%E)ZFL 7)) a—) (PEG) #&t7 ) Y UEi [0.IM 277 ¥ Vi
# (pHS8.5) H11230% ® PEG &50mM CaClz % &te] 2ml 2%, 30°C T30 M#E L 72, £ D,
0.6M MgSOs % & 7Y ¥ V& (pHS8.5) 2ml ZINZ, # LM (FiR, 1000Xg, 1077H) L7z,
AW AE T, LBA0.6M MgSO4 A (5ml) B L7z, ZOMEE (1ml) ZAIHW"
R LB R FoR/NEIICE &, 25CTREEL A, EFLT&7/2an=—13, Tablel IIIRL7Z
A VVEBEELAS ) Sy FERICB L, KEhau=— %2R T 2 BEEEREIEVEE
Z, 160a0=—%FWL, 20=—0D
KEVLDONBIEIC 1 A H160FFED
F72. BoN-BAHELI~1613& 4 KT Chemicals Concentration (%)
Mooy u— APEEREH LeEE

Table1 Composition of screening medium

44 - . h 1.0
K7, ATV hE L’C@}ﬂlﬁﬁui'@ Saccharose
Ka i id 0.1
0°C’C“17rf<ﬁl,7’:o Xﬁl) —:—Vﬁﬂii%f& urenoicC acli
o b — Tween 80 0.54
DFRL % Table 2 1Z/R L7z,
Agar 1.0

2.3 HYLOWMENTH

2.3.1 G.fujikuroi DEILZE"

A. 300mlD=HT 5 A21260ml O ICT B (N40%) # ANTHEL-d DI, EELT 1HEH
TR L, 25CT3 HMRE 5 BEEL 7,

B. ATHEER,S0.6ml 2 EEMICL D, WE L7230ml @ ICI & (N40%) DA -72300
mlD=ZHT T AR ZOR, ERIHA%0.5mg ML, 25C T3 HEIRE HREE L,
HEIIHFNE [4- (1'-piperidinecarbamoxy) -5-isopropyl-2-methyltrimethyl-ammonium chloride] (i



fn% AMO-1618) %\ 7z,
C. BTR/EERERNICEEL, HETSBEL:,

2.3.2 G.fujikuroi DAIEZE"
2.3.10CTRAEAEEZ50m @ ICI B (N0%) DA-72300ml D=7 5 AR 72,
CHIZEBEDH YL 50mg & AMO-1618 (0.5mg) Z¥RiIL, 25CT7 HREEE HBEL 7=,

2.4 RKREMOHE, S

2.4.1 KHEHOHH

2.3.2CT7THEIRE ) FEEL-EER> OREL IR L, FRELZZEEAKT L CBEELZ, BRI
BIAREEKEF + U 7 KBRS ml 2002, 75ml OFEEET )L C 2 [\ L7z, R IZEfALR
KT, T TRIELZ, 20k, BTN L Tty (PR 21870, Big, KBIdE#gT
pH2.5& L, 75ml OFEERTF )V C 3 Ol L 7z, HIHRISEFIEIRK THER, ML,
FO%, WMETIEML CHIBY @R 2872, 512, BEHIESE TLC BB ; EtOAc
: CHCl3 : CH3COOH=20:8:1 (v/v)] 2#hi¥72, TLC ETYNLY v EEY 2RTES %5
Er0, BEBRIFVCTHEHLT, YRV Y (GAs) 7527 v arvziiis
2.4.2 KBEMOIA

2.4.1THEEIRLY Y (GAs) 7927 a>¥ (1mg) KU GAs (0.5mg) & GAs (0.5mg)
&L 1M DI TS AY YOI —F )IVIEHREMZ, 0 CT—MREEL TAFIVELE, 20, &
MAEEL, BESBESET GAS-AFIVIAFI, GAs-AFIVIAFI, GAe-AFIVIAF )V
2B, TNH5DXAFIVITAFIVIZ N,O -Bis-Trimethylsilylacetoamide (BSA) (18 #1), kY X F
Vruanysy (9 pul), EUJy (18ul) M2 T TMS 1L 2470, HL£DXFLIAFIL b
JAFNVY YNV IE—F)V (ME-TMS Z—7)V) 287, SO ETROFHETHAIu< 57
(GLC) 2#hF 7z, B BHED 20, GA1, GAs, GA7, GA9®D Me-TMS L—7 Vb GLC (Z#h
3726 GLC & : 794 ; FvE¥F ) —H 524 OV-101 (0.25mmX25m), Z#HFiREE : 200C T 1
min f£4%, 2007 52907C F T5C /min THIR, 290°C T10min Pr¥EF, EALIREE © 250C, MHERIRE
1 250C, ¥ ¥ YUY —AHRA;He:3kg/c, Air:1.1kg/cnf, Hz : 1.3kg/cif, 271 v MM 11,730,

2.5 RKREMHOEWEERR"

MR, 5948353 2 v 5 Nishijima & Katsura® OFECTEWERE LA, BEYEOET
%0.5% DRFIEFEEE T b U v LKEWT 5 5 HRRE L7k, KL, 20ppm 7 =3+ — VIS
24BFRHIRTE L7 (30T, BEERT). ARk L7214, AKEKIZEL T, 30COBATICH 2 HEWTHENF S
Wi FEWEIK 2mBU72HZ, 1 %ERZESIamOEITTANLELY Y (EE3cem) 25
TOMZ, 0COBFTICE V2, 62 FEDEMIE 1SS 2 mlFU72RZ, FIEEE2E
OB A 270 ) v ITL pul OB EHET L7z, 3 HES 2 FEBORS 2HIE L7z, HERHE
1, BEOBECTHELEZIRLY Y7527 arD0.1pg/ 1], 1pg/ pl OREDS0%T & b ¥ IKER
L7, 5B, B9, GAs, GA4Dlng/ #1, 10ng/ #1 50%7 & ~ Y KEWOEH L 72,
F/arvbua—LELT, 50% 7t b KBEBEOREHTZ,



3. BRRUZEE

3.1 G.fujikuroi IFO 9977@ & IFO 312518 & Dffilapt&

3.1.1 G.fujikuroi BIDHEFERNER

BIERT L ARk, ARFETY, SAEZHICRDERLFEEEPIPOREARZHEH L, HAL
72 2FD G. fujikuroi DYEFEMAR % Fig. 1 1R L7ze TORIIRT & H1E, G. fujikuroi IFO 9977H
Tk 2 HEZS, G.fujikuroi IFO 31251Cld 3 H B A EIEFHEIAFIMIHL T2 L E X bz, €D
%, AREFFETI, G.fujikuroi IFO 9977 T3 2 HMH, G. fujikuroi IFO 31251 W Tl 3 H M AES
EL-BEREEZ 70 b 75 A MREBICHV

150

100 |

50 |

Weight of dry mycelium (mg)

Incubatin time (day)

Notes : —A : G.fujikuroi IFO 9977 ;
—{J= : G.fujikuroi IFO 31251.

Fig. 1 Growth curves of Gibberella fujikuroi strains.
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Notes :'—A— : 6. fujikuroi IF09977 : Novozym 5%— Chitinase 1% in
0.6MMgsOs; —[— : 6. fujikuroi IFO 31251 : Novozym 5% -
Chitinase 1% in 0.6MMgSOy .

Fig. 2 Effect of entrifugal force on separation of protoplasts from reaction mixture.

\& G. fujikuroi IFO 312512° 6 DZHIZHA, HOHPRWEETOIERBE L2 ehs, 7T T
A MBROEEDVET IFO 9977060 EN LD bEVW D LEEZ b/, LEXY, REfFETHT
O b7 A NOREIZIE, G. fujikuroi IFO 9977 DA, H RO [BEREIZ1000 X g (2 HH24§ B EAT,
G. fujikuroi IFO 312510354, HOMED EHEREBUIT50X g (AL T A2 EFRBEEL EZ 5N, 22T
BONIRERDIS, DERo 7O 79 A NOREOBIZIZINS DM E#HE L7,
3.1.3 BRORE

G. fujikuroi W3 FEHEEICE LY, 20oMBEERICEIFF UV 2H5ATVREY, 20710,
G. fujikuroi ® 70+ 7 F A MREOBI IR 2 T 2 SHE A R CEABEIINATH T
F—EbH@H Lz, AT, 2.2.41RLAZEVT—F, JF IS LRIFFF—¥D 3D
BED) L 2HMOBREMABELELERR (A~]) 2MHLZ. 2 HE® 2\t 3 HEWEARE
LCELEL2DEPLOBEAMERIC2 . 2 4 IR LZBRREZMZ TUEL, 70 b 7T A M 2fFl,
BEOMAGDLELER SN -TO M T T A MOKER% Fig. 31K LA, ZORIIRT LHIT,
G. fujikuroi TFO 9977 W CIIBEMW (A~D) 1B AFFF—EORMEAIHEMT 212065, &
KEND 7O T TAMNEDENARD Sz, LeL, BERE CEFFF—EORM=dBRR
DERILTHAICHHSTHERLZTE T A MU, BEEBRD CRELABAEOH1/5THo
2o TR, JERYFAL LORMENEL Botzlzdh, EEKIIED S XFF—E¥OH &M 89124 %
A polzlzb#EZ SN2, G.fujikuroi IFO 7TH DA, BERWD [/ A4 4 (NV) (5 %)



L¥F+—+¥ (CH) (1%) #&T0.6M MgSO4#E] TRELIZGEVHRDEDTTNTF AL

(62.5X10° /g EHE) »BLN7z, Lo L, BEEHRF [NV (5%) VI —¥ (CE) (1%)
%&100.6M MgSO4 A BEWG [NV (5%) &CH (1%) 2&80.6M ¥ = b — V]
DA, ERENTO T IA MIIA %L, BRBEDDOHEDEAH13/10, 1/10TH o7,

G. fujikuroi IFO 31251 B D& 13, BEERHOMAREDLETROELOTIFTFT A+ (54.9X10
“ME/g EWE) pMEONT, $72, ¥FF—EREUBERA~E, [TRELZGAIGOALT
079 A MUIEEFHRH CLE L 2880/ 6 /10~ 1/20CH > 726 G. fujikuroi IFO 9977 DIFE
EBEROTPIZEINE X T F—EOEAFHENT 2BERENZ 7O 77 A MOS0 72,
L L, G.fujikuroi IFO 31251 DA RFFF—EE &L L /) AP A 4 (BERH) 0ADHE X
DHERENSE TO T IR MEBD Lz, ThUE 6. fijikuroi TFO 9977 LIFO 131251 DAlfLEE &
BT A2EEEE ST VLB, BXOENZEVY DL 20 LHESNT,

Bruckner 5% 13, Trichoderma harzianum HED LI — 2 EUCHEIMBERL AV L) D
H{LEEE 2 F\ T, Gibberella fujikuroi (Saw) WR.H25 70 77 A MDfAREITo 72, 2D
B, AR SN7-70 7T A MRIES.75X10° ~252 X 10° Ml /g EHE L i L T b, RBFETHW
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Notes: NV: Novozym 234; CH: Chitinase; CE: Cellulase "ONOZUKA"R-10.
A. NV 2% + CH 0.2% in 0.6MMgSO4; B. NV 2% + CH 0.5% in 0.6M MgSOx;
C. NV 2% + CH 1% in 0.6MMgSO4; D. NV 5% + CH 1% in 0.6M MgSO4;
E. NV 10% + CH 1% in 0. 6MMgSO4; F. NV 5% + CE 1% in 0. 6M MgSOs;
G. NV 5% + CH 1% in 0.6M Mannitol; H. NV 5% in 0.6M MgSO4;
I.NV5%+CHO.5% in 0.6MMgSO4; J. NV 5% in 0.6MMannitol.

Fig. 3 Effect of combination of enzymes on production of
protoplasts from Gibberella fujikuroi strains.
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Table2 Comparison of the amounts of gibberellins produced by the microbial conversion
of (-)-kaurene with parent strains and its fusant fungi.

Strain Amount of gibberellins in acidic fraction
(%, of (-)-kaurene)

G. fujikuroi IFO 9977 10.5
G. fujikuroi IFO 31251 9.7
Fusant fungus 1 11.2
2 4.1

3 7.3

4 8.9

5 13.7

6 11.0

7 5.1

8 4.0

9 5.1

10 43

11 8.9

12 1.6

13 10.5

14 10.2

15 44

16 6.7

Fig. 4 Comparison of biological activity of gibberellins produced by microbial conversion
of (-)-kaurene with parent and fusant strains.
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Fig. 5 GLC chromatogram of the gibberellins produced by the microbial conversion
of (-)-kaurene with parent strains and the fusant fungus 1.
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