The Korean Journal of Microbiology, Vol. 42, No. 3, September 2006, p. 210-215

Copyright ©2006, The Microbiological Society of Korea

Diplodia gossypina ATCC10936 =& 0|26t
e

(+)-Jasmonic acid®| HLH=7

oS -
E=s B

K

e

Diplodia gossypina ATCC 1093691 2] 3] A A== 7}o] & (+)-jasmonic acid (JA)= A ETH 22 717 FAl o] 2

el 2, A F A4 hormone & ZA] ¥4t ol 2} A2 2 2 jasmin 3F A Ake]] o] &

RN
L

F83 EAF shtolnt.
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Z7& A Y A sk S 2 = fructosed) glucose2 Tl F ] 27 244 2 2= NaNO,7t (+)-JAE A
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degradation, Beckman rearrangement, Kolbe-schmidt reaction 5
F7149 71RE o] F= seHkgo] mAES] tial AHEellA
gl wpe}, vES] ARTIFAS ol 87 NEE FTIER
= T 7FedE dolssith(). Sddle BaA &
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ox0-2-(2'-pentenyl)-cyclopentaneacetic acidyS & 4 U= AHoltt
®). JAT A& A% ZEJAEA, AEA A gt g 7]
T2 ZETH10). JAT HYY s, Y AL ey 8
v E2] ol o3t AEo] WojA|lzElo #Er|E o).
JAE BESAL
A AYAFET} Linoleic acid= lipoxygenase, allene oxide synthase
9} allene oxide cyclase®ll 2]3]A] 12-oxo-phytodienoic acid (12-
ox0-PDA)E HIH 1L, 12-0x0-PDAE B-9uk3-3} #3572 p-

linoleic acid”} octadecanoid pathwayS %3
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oxidation®l &J3|A JAZ} THEIZITKT, 10). AEAG ZHAZ
A JAE 206% 1057] 21EFe) oJste] dElE Zo= 4
ATHT, 10).

21=/447 Hormone® ZA] JAE T3 444 7HXE 7HA
aLgler, o F 7P &80 7hed oke viE A FE=
o] &golgtar T 5 Utk®). AAAY &F A FEE $16
billion®Z 71 F 10%$] $1.6 billion®] HAG A1Foz A
oAU}, 21AEe] Qg e 773l Tt AnlRke] TAle] 353
A AAA 71x]9] ®slol] w2 AH|Rke] HALA ] gig A
S 50] 7} W “Naturalness”ol] T3F FHAIE FolX|aL Q)
FAAF o+ Frslar o AR 39 Ag A
A2l Agte g st A& AAF FFol of# e =AIA
FEIANE TACE HA FE P59 FTFE % AEE 7]
=9 7ol HER}E 7FstaL ITHG, 8).

Zp2~® G = Jasminium grandiflorum®) 2}l B8] AW
2] oA F= FEd SEEA oW A 958 FE
2 ZpgE wolsit), Aparl 3R o] tiEAR] SRHERE Al
A2 (cis-jasmone) ¥} MY AT AKmethyl jasmonate, MI)©]
o, o]g2 AAANA AEHE 4T AF=3EH-2
(cyclopentenone) G E=A 241, 71 HAJHo] So]x] e 7tFHo R
gro] Bz wiiZel e thgh A7t AlgE o] SiTh2, 8).

JAE giF o2 AEA vt BAEE Aog deA AU
o}, 29 HEAE o3| A& BHAY dRME AdEE
A WASATHE, 5). 21E HAY T/l o5 1A AYito]
A o] F, TFHE o83 g B3l IAE AislEe A
E3] 71o]"E (+)-JA= AESHHOo 7 V)
o= methylationd} Al (+)-MJE
el ol&=lo] A A7k 2
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S7F3IATHG, 8).

ojel & == HA (H-M1 FEE fsked Fheld (-
IAS] BF QLS AT BH AN A ALe BE=,
Diplodia gossypina ATCC109362 ©|-83} (+)-JA A2HS- 913+
HAu g 20 A3,

T

AL ZF

JAS] AL B 3 3 el #EhE ATE 9lsko
American Type Culture Collection (ATCC, Manassas, USA)] 4]
212 WY FF7S D. gossypina ATCC10936S 431 JA
Aagoll #et Aol ARSI FYUE D. gossypina ATCC
109362 potato dextrose agar (PDA, Difco Laboratories Detroit,
USA) AbdufA]of] 28°CellA] 79 3F vjdate] 4°collA] Bt
o 713 D. gossyping A9 BI-S 9138} potato dextrose
broth (PDB, Difco)S ©]-8-5t] 28°Coll A 397t vjdsl &, ujok
H #AE BlenderZ #-33le] 2 mk¥ Euljelal J4 FA% &

-70°Coll A HakeiT).

HHX] 2 AlSF

B Aol ALE-3F (+)-JA mixture = Sigma Chemical Co. (St.
Louis, USA)o|4] G+43}4] Thin Layer Chromatography (TLC)
2 High Performance Liquid Chromatograph (HPLC)S] ¥FE3
Z ARSI 2 A3l AR BiAlE RETTE 213 PDA
£ E3ato, HlS 913 PDBE ARS8 o, dadow
Difcooll 4] T-d8ke] AR
3} T}, Sodium nitrate (NaNO,), potassium phosphate/monobasic
(KH,PO,), potassium phosphate/dibasic (K,HPO,)= Sigma®llA] =
A3 2™, magnesium sulfate (MgSO,-7H,0), potassium chloride
(KC), iron sulfate (FeSO,-7H,0)= ()8 31g(Korea) A&
Feke] AFBEILH, olsle] ZE Al 9 wpA] Aok Uit
AlFS ARSSIATE HIA] RIS 8 S YRk (tap water)2}

AHS-E Soy-peptone 2 malt extractes

Table 1. Components of culture medium (dissolved in deionized water)
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deionization A 083} & 0] &= ARREAT)

TFE Y =A

v A E] A, Aol =19 YFEe] 87l w}e} basal
minimal salt medium (b-MS, 6)°14 WM& E modified basal
minimal salts medium (BMS)S F40.2 F4A3%8-2] zlolof| u}
2 (N), \N2) 2 (N3)BMS$} salt medium (SM) (Table 1)E A}
L3510, JYRE potato dextrose malt yeast salts medium
(PDMYS, PDB 24 g/L, malt extract 5g/L, soytone 5 g/L, yeast
extract 10 g/L)S AHE3IATH E #A+ 25% NaOHES o83}
o] pH 6002 ZHE3 & 121°C, 20%-7F AHale] AMgaldch.
BETT AP A v TAE o) 8tAY, 4 B
H dARE o] 83tk JA ALk HF 270s A7) Sl)
BMS®] fructose, glucose, lactose, sucrose®} starch (stock
solution, 50% w/w solution)& #%F F=7} 30gLE FH7lstA
Ao mE JFS AFsIon, SMHIAIE o] 83t HAe
T, 3wk 2108 AT 1] AARS S5
A& 100 mIe] A viFAS- cheese clothE ©]-83f] HA&
23k ¥, heating oven (95°C)°llA 3UZt AX3 & SN

o},

Glucose 22| &8

WA glucose®] S 2787] flete] wigeds 19 714
SZ 10 ml ¥ EHE sh, Y4EE(5,000 x g, 20 min)dt
T ASHE It daE A5 110 2 3481,
YSI 2700 SELECT Biochemistry Analyzer (YSI Life Sciences,
Detroit, USA)E- ©|-8-3)] ¥ A] W glucose -2 A3}t

TLCE 0|88t JA2| 24

w5 797 wjFsted 25% H,S0, & °]83kY] pH 452 3¢
& 3, vl ethyl acetate (1:1, V/V)E ¥Wal E335F votex
G4 &, ethyl acetateZS EEI8t] A|EZ ARSI
} A|E+= silica gel TLC plate (Merck, Germany)oll 4] Z7]3}3

N oyE

Medium (g/L)

BMS (N)BMS (N2)BMS (N3)BMS b-MS SM
NaNO, 1.0 2.0 0.5 2.0 2.0 7.5
KH,PO, 2.0 1.5 2.0 2.0 1.33 2.0
K,HPO, 0.5 0.5 0.5 0.5 0.66
MgSO,-7H,0 2.0 2.0 2.0 0.5 0.5 0.6
KCl 0.5 0.5 02 0.5 0.5 0.3
FeSO,-7H,0 0.001 0.001 0.001 0.001 0.001 0.6
Yeast extract 0.5 0.5 0.5 0.5 - 1.0
Glucose 30 30 30 30 30 30
ZnSO,-TH,0 - - - - 0.01 0.3
MnSO,-7H,0 - - - - 0.001 0.003
CuSO,-7TH,0 - - - - 0.0015 0.003
Na,MoO,-2H,0 - - - - 0.001 0.003
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1, A8 A= TLC chamber (20x20x5 cm)ollA] =838 Th.
A7) &ne] FAS n-hexane : ethyl acetate : acetic acid = 50 :
50 : 0.5 viviv) o, 77} B TLC plate = AZAIZ] &,
WA A19HH,S0, : ethanol : vanillin = 40g : 10g : 0.5g)S ©]

83t A E Tt JA9] EAIE FRIET

HPLCS 0| &8l JAS| &4

GRS 10 ml A FFH3 &, AHEZ (5,000 x g 20
min) A WS BTk 3]E w025 um
PTFE syringe filter (Millipore, USA)S ©]-83] ¥sle] A|5=2
0]8-3}93l, HPLC #4928 A3 (+)JA 71F 522 methanolS
o]8-3}a] stock solution (100 mg/g)yS F=HIEH & -20°Co|A B
star, dQof we} d-H,05 o83t o] == 3]st A}
319tk AE 20 ple] AlEE HPLCO F943te] JAS] A=
248 2234 HPLC X]& P680 HPLC pump (Dionex
Inc, USA)$} Model UVD 170U/340U 7% 7](Dionex)S ©]-&3}
Atk 4 columne C, G4 column (5.0 um, 150x4.0 mm,
Bischoff, Germany)2- AFE-3}313L, column =% 35°CE 4|8}t
HA B89 AE719) uvel 33 200 nm, 210 nm, 220
nm, 230 nm¢] 7}7] t-& 9o g FAld A&t Sz
© 2= 0.1% TFAS T3t d-H,09} acetonitriles 6:4Z 41
0.8 ml/min &0 2 FR3PHA] B-A1819 T}

#nt 9 o

D. gossypina ATCC109360| 2| 8 JA A&

D. gossypina ATCC10936°] 23+ JAS] AJAHS- ERIsH7] $)3)
A, EjkelS 1Y 7HACR 1oml¥ EHE o], AR
$(7,000 x g, 20 min) FFHE 3|3t JA AARE TLC
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2 FRIBIATHALE HAA]). TLCE JAL] A4to] Felg ujjokel
2 JA9] S S8l HPLCE ©]83te] #43F3ith(Fig. 1).
ATCCONA U3t D, gossypina TAZ ATCCOlA AFH A=
HjeF WS ©]83te] PDBe MY A5 JAS A A &k
Tk JAS] AARS flate] ol wiA] Z3do] o] 8EH e, D.
gossypina®] JAAE 8L AR wjdel o] Mxo we} ALk
9] A3 20| Ko MET} whiteol A yellowd) 735 7H3
B2 JANAIS B o, blueol A dark black 7% JA A4k
go] A FolEeH, o] A= Kim (8)%] A7t 4A|
gict. w2 247 A[S vAEL] A% sl At A= @
Al BiEA o, HAAE Sz stz Qs
sporulationH-g-o FIAF HFo=w FAHI JAT D
gossypina] AW sporulationB - HAN7IA] HILE|R] ¢S
o} E3H JA AL PAEY TAET Bo] gle AR
lot=| i), $HH, D. gossypina2] Wi 5 wAAE2] w7}
pellet® S Ad 75 JAS] Ak @3] #3k=| AT, o]
= D. gossypina®] JA ABAHIE AE] A3 o] §l= 23}
tARHES] Ao AARW, D. gossypina©ll 21T JA A4
tirkg o] A7t 1= sttt

HiX] M20i w2 ol ME D JAS| Mk ZHA|

D. gossypina ATCC10936° 2J3] JAS AJaksh -, AIE A
Aol 71 ARFToE Akt JA A FSoisyt da
31t} D. gossypina A7l A3eE wix|e] Mela} A JAY A
2R 7 T = Qe HiRE AP 9lste] vl APk
(Table 1). PJAE 34-S 9J3te] FA] A} 4 FAHo=
BMSS o]&3fe] A% &, N-source 3 F-71¢19] Fxol s}
= = 7Y uiRel FFE 1% HESH ols 7dzt midst
At BMSHIAIE o8& A9 7FF 578 N-sourceS 4183}
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Fig. 1. HPLC analysis of the production of JA by D. gossypina ATCC10936. (A) (+)-JA standard (1,000 mg/L in d-H,0), (B) D. gossypina cell
culture broth. Cell culture was grown in SM medium at 28°C and 200 rpm for 7 days.
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71918 ThdsE N-sourceE Z47F8FA. 21 NaNO7} JA AJ2kel] 7}
7 233 N-sourceZ FRI%O] o Aol HE3ATHALE. 7]
AN, D. gpssypina ATCC10936S nitrate reductase®] BAS &
3 NO, & NH,'Z Z#3} N-sourceZ AMSSh= o2 34
Ht}. D. gossypina ATCC109362 WA 9] FH<}F BAIgle] vl
= AR 3 239 BRF FAH dAlES STH7IE B,
JA Akee sA|RFe] F7kek BAIgle] A&A o2 F7ATI=
Aoz Jelgth Joixel PDMYS HiAIo|A 797t wjekE
T3] AAZLS 368 gL 2.8 7PF Egkor) JA AL A
Z3et. diF R FU19s 40 g BMS iAol uf
& FAFE AFeE Aoy =& JATE A EATh(Fig.
2A and B). JA HEAE 918te] HPLCE ol&3to] #4824
2}, SM HiAA] 650 mg/Le] FEE B 7 B2 FeE
Bhgon, I tso® (NBMSZF 500 mg/LS YERASATH
(N2)BMSS] A9 4728 mg/LE 7}E @e AFAE AYTHFig.
2B). (N2)BMS®] 7% 8|7 24 A& T NaN0,9| o] )
2o W A= NaNOol| ogk pHe| Gl ot JA A
cHdo] @EFs e Ao g FPHETE v Ee] wEbA o] A
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Fig. 2. Relationships between cell growth and the production of JA by
D. gossypina ATCC10936 in different media. (A) Effect of culture
medium on mycelial growth and (B) Effect of culture medium on the
production of JA. All cell cultures was grown at 28°C and 200 rpm for
7days.

Diplodia gossypina | 213+ (+)-jasmonic acid A2k A3l 213

At 1AS] AR FAIZE EA] HlE Ao JR|eHA]
< ERIsIATKFig. 2). SHAIRF A= FThe} A wtAe] A
T2 yellowdll A dark black® 2 W3lEE Rog PEo] JA
et gAle] Ams BT Be] e Ao E AR ETh
olgfgt A= ol JAZ} D. gossypina®] 22+ dAREE F
AEAG, WS 4g3an JA A 9 7R Bds)
of 37} A7 Basit

20l At == 20l ME JE

(C N-source)oll P& REA|T TA9] Ax 2
iR ] X3E ot FU1EE] s v pleg 4
3L ATKG, 8). 53] HiA] W Fe" 9] Fo] @ Jeks W
= A2 IRIFATHAEEF PIAIA]). viR]e] A8 Eol 2]s}e]
TE uiRoA vl D. gossyping® TAITF L AAe] AEe
W37} ASEHATE B Sl AR ERshs o] 9%
JAS] ARt gk Jaks- dolry] 95|, YRk (tap water), 18
Q2] "©o]L4(12} deionized water), 7 MQ2] Bo]&I(2x}k
deionized water) 3572 7HR|aL TS wFsiYh. 2 Ay gyt
FollA wjEE D. gossypina|l A JAS] ABLko] dojubA] eFsk
o 18 Q9 ®"ol&g9 7 MQY Eol2FoMe Z4hZ
200 mg/Lo} 500 mg/L A=2] JAS AehE Ao Flxgle
o, YRS ALEE 79 A2 AT dark blackSE HHAE
7A%E BAth mEbA £ A@dMe 7 MQe] golE ARS-SE
o o] & F e IS Has. ol die E ol
EAEE Ao o]o] A S FXIN 7 vhE, JA AR
Aslele 910 A8k Aoz FAE

JA= EX3FAAE, linoleic acid”} octadecanoid pathwayS- 5
S|4 de novo synthesisE F3l] AitE= Aoz dEA A
(7). JA S A8} linoleic acidE 71 4% &4 A7l=Ee
FrapAle] Gl SJsted JA A B B E Ak, 1A AL
o] a3l FH] C-sourceS ZA3}7] €3t BMSOI fructose,
glucose, lactose, starch, sucrose® HF TE 30gLZ H75l
At A3 starch, fructose, lactose, glucose THE D. gossypina
ATCC10936 TAHFe] S7He EAHAE HIAA), JAS] A4t
2 fructoseS F713F vIAGIA] glucoseS H718F ARG 2 O
wo) Busl ACE Uehtth et 71 0 AAEA
Xego] $5517] wEol C-sourceZ EETFOE ARE3IA] JA
WEAS) Q72 AWk

JAS| MMSH ol [& st

D. gossypina ATCC109365 ©]-8-3F JA A2+ 49 ks
H8te] iAo} 2447 tlEo] B pH, PIE HlYEe} &
& 2o FFEF E A vAE A P23 (dispersed growth
vs. pellet growth)oll F&FS & F A= 3 g9 JFs
2R8Ik, BE HiR|9] 7] pHE 6.02F 25% NaOHE ©]



214 Inho Go et al
600

500 ¢

400
200
10
0 ) , )
24 25 27 28 30

Temperature (C)

JA Production (mg/L)

=1

Fig. 3. Effect of temperature on the production of JA by D. gossypina
ATCC10936. All cultures was grown in SM medium, and at 28°C and
200 rpm for 7 days.

|3lo] 2HF F uR)9) pH Wlol| W JA YAt W3l o
g ge BAEATh A3 dy, 77EK19] sjA|elA pHIF M2

2 HalEle As g0 5 Ao, 7] v wet uf
2] pHe 42 FolEH, I vlY 6¥S 7IHoE pHV} 56
Az o d5dhs A4S BIAT, 7784 wiA] 2kl pHol
Hale] w2 JA AL & AolE UERA] F3dT ESE JA
A2ke]] w2 pH WMsh= ZA YRR EUTHALE BIAA]). bl
P MAES ST JA At TS PXE AeE &
HA 210i(6), Hdl JA IS HAF= SM Rl A] JA A
2] HA 255 SASIAY. D. gossypina®] AL £5of 9
slo] dujF oz Ao JES wekon, JA AL Zhzt 24°C
ol 4 250 mg/L, 28°ColA 500 mg/L.$} 30°ColA] 400 mg/LE L}
Eht 28°C7F JA Aol 71 ARte 252 SRIEUTHFig. 3).
TAH AL T8 3714 vABE w49} 2ol aerationol]
2 85 A FFgS wron, WF w2 U] 7Fe g
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Fig. 4. Effect of agitation speed on the production of JA by D.
gossypina ATCC10936. Open bar( [ ); agitation at 200 rpm, closed
bar ( Il ); agitation at 150 rpm. All cultures was grown at 28°C.
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aerationol] W sheer pressuredl] AYE = Aoz dEA o],
sheer pressure’} 22 749 pellet Fe|S FAshH wwtr) &
STF pellete] Z7o] 718t Pellete] 270 7181 AL
9] 3 FE] 7Faste] ZHS pelleto] ] B TFAHIE FAJ3)
E ATl A aerationd} JA AJ2HFol T AAE 18] Y8}
o] agitation speedE 212} 1502 200 rpm = A3}t nj sk
A3} 200 rpmollA JA ArHFo] ST, TS pellet size
= ZolRE Ao w FRIEATFig. 4). D. gossypinadl I3 Ak
AE JA AFEE AL B HAHSE 9% agitation H
aeration®l] ]38} sheer pressured] FHBAIS E5}7] 95}
20-liter HF7]E o]- 83 A3o] FaP=| L Tt

Al &
o] =Ho i 25lyEln ERC ZALED]7|EATAE 9}
5

AlEgta et sl o 2005 9% At E57s e

A A AFL ] Aol ojsto] =
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ABSTRACT : Optimal Conditions for the Production of (+)-Jasmonic acid by Diplodia gossypina
ATCC10936
Inho Go, Kyoungju Kim and Yonghwi Kim* (Department of Food Science and Technology,
Sejong University, Seoul 143-747, Korea)

Diplodia gossypina ATCC10936 produced chiral specific (+)-jasmonic acid (JA) that is the most biologically
active form. (+)-JA is a plant growth hormone and also one of the most important aroma compounds responsible
for jasmin-like aroma note. In order to develop a commercial bioprocess for the production of (+)-JA, optimal
culture conditions for D. gossypina ATCC10936 were investigated. D. gossypina produced (+)-JA using either
fructose and glucose as a sole carbon source. As a nitrogen source, NaNO; gave relatively high (+)-JA pro-
duction. The optimal temperature for the production of (+)-JA by D. gossypina was 28°C, and optimal agitation
was found to be 200 rpm. D. gossypina produced (+)-JA upto 600 mg/L in SM medium, although the highest
level of biomass was obtained in PDMYS medium.



