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Diplodia gossypina ATCC10936 Z3& 0|28l
(+)-Jasmonic acide] MA=Z1 =X S}
D015 - 2T - ASH
MECHEID MAETsle AlZTsin)

Diplodia gossypina ATCC 109369]] 2] 8] A Ak¥] &= 7} 0] & (+)-jasmonic acid (JA):= A B84 0 2 714 §A o] -
el 2, A F 44 hormone & 2 A 25t ol]e} A A 0 2 jasmin F HAbo] o] 5= F 88 EAF srtol.
(+)-JAS] o 3 ARS8 ZA NEL 80, D. gossypina ATCC10936-L o] 831o] (+)-JA AL 98 Ao ujo
EAS AR A3 gAY 2 2% fructose )} glucoseZ #9120 A4 2 2= NaNO,7} (+)-JAS A
Abel] 714 A3t o (+)-JA At A =9 34 Wrbgi= 28°C3} 200 rpm &2 vt} FALA o] FA)
F-L PDMYS WA o)A Hg 2 F7}1819 2, (+)-JA AR SM WA o)A A 600 mg/L7} AALS $ic}
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THY A79dLe A v & (traditional fermentation)ol| Al
FE Hole 87 g AEFT T8 tfsizien, ol
2t plgEel ety B4 B R E tAlgrEe] #ejske &
29 713 B B0 B9 B A%E et AT A2e
AdEe] dAT tfARNEo] gt A7 E S8l Bayer-Villiger
reaction, Diels-Alder reaction, Bamberger rearrangement, Strecker

=

degradation, Beckman rearrangement, Kolbe-schmidt reaction -5
7149 71E-E ol FE 3EhEo] uAiE9) A} Fgol A
A ojet, PR AR1EAEE o83 NEd fr1ER
< AT F e 7FeAS GolEdth(). A WYl &
Foll tigh A77} Eelv 540 $HE Fol JPHUAT 2
olle HYA #FAA A=l F71E200 et a9 a7
7F S7KtAL Sle FA0IM(3), A2ole TR AR 4 7
Zhg o 88t A2 EAS AT 4= e whgdl Uid 47
Hh3kaL ATk,

WYE FRE 0183t 78 F71829 A 73] B3
A7 F, BAHE 3 e PHEHQ =2 jasmonic acid JA, 3-
0x0-2-(2"-pentenyl)-cyclopentaneacetic acidy & 4~ U= Ao|th
(8). JAT AE 4% ZHJIAZA, AEA A thFst el 7)
& ZETH0). JAE AL A, o] A Bele] 44
v ES] el 23t 259 WojAlxE o] Bo3lrIE FTH9).
JAT EXFA]4E, linoleic acid”} octadecanoid pathway S Z3
A} AT Linoleic acidi lipoxygenase, allene oxide synthase
9} allene oxide cyclase]l ]3] A 12-oxo-phytodienoic acid (12-
oxo-PDA)E H}H] 11, 12-0x0-PDAE BAuks3} A3 B-
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oxidation®l| 2J8}A] JAZ} TREOIHTKT, 10). ABHA XHA R
A JAT 2065 10592 A&l o3t FPsEE Ao 4
HTHT, 10).

&4 Hormone 24 JAE Thst A4d3Q) 7IX1E 71
I e, 1 F 7PE 880 7Hee Eoke ulE M due
o} Fgolgta 2§ Yoh®). AAAS F A FEE $16
billion® 2 1 F 10%%] $1.6 billiono] HAZF A Fez AA
AT} A G} A7l thdE Anixte] BAle) FET
A BAA 71x)2] Halol| whE Avlxbe] AL e A
Fx9] Z7 WE “Naturalness”oll #8F TATE Folx|3L Qi)
HAAe] o= F73kT ot A-AH TF9) Agy X7
A AlgreZ Qlate X&HA A FF0] oEYy FAHY
FEINE FHOE HI &7 989 THFE Y3 AEE 7]
=9 sl vkE 718l ik, 8).

k2R FHE Jasminium grandiforum©)2}n EElv A9
AEY oM & EEE SJFEEA 23 HY 953 g8
2 7S dolsitt, Apvl &89 g SEEEe Al
Ak " (cis-jasmone)Zt & RkA%14H(methyl jasmonate, MI)©]
oH, o5 AAANA AEHE dF9 ANF=HH L
(cyclopentenone) =X 24, 71 §HAdRo] &o]x] ke 7o g
ko] 7] W&ol FAdRol tigt A7) AldrEo] ok, 8).

JAE AP o g NEAAT APEE Aos daA U
v, B2 AERPE o3 A8 HYA dFNE AAEE
S LA ATH4, 5). AE BAAd TFO AT JA9 A4to)
FRIE o)F, AHE 083 Ha s 53 JAS HAelEE 9T
7 R3E v} QItk, 8). 53] 7hold (+)JAE BEEH o v}
F B0l =2 Fu 7, HZ= methylationdt A1A (+)-MIZ
AR 2 A, jasmin FF A4kl o) & o] A 7kA)7} ZA
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73Tk, 8).

olol & w=EoliE HA (M 4L Slstel Tl (4
JAY i ARSI AdE A 3 pRe BRE,
Diplodia gossypina ATCC10936S ©]-8-3l (+)-JA ALk 98
H2pF 208 2ARIA

Mz W A

A 2%

1A A4 B 8 B AL BAY A7E 9k
American Type Culture Collection (ATCC, Manassas, USA)ol 4]
A5 B 7572 D. gossypina ATCC10936S -3t JA
Aol B3 A ATk TFYUE D. gossypina ATCC
10936-> potato dextrose agar (PDA, Difco Laboratories Detroit,
USA) AFAEjA]o] 28°CollA] 7 2k i sle] 4ocoll A Basld
g, Z71Zt D. gossypina T 9] HAS 95l potato dextrose
broth (PDB, Difcoys ©]-83te] 28°CollA] 347 w3t 3, vl
¥ #AS Blender2 E445te] 2mi® Rujsla 34 £4% %
-70°Coll A B3

HHX] 2! Al2f

E A3 AL83F (1)-JA mixture = Sigma Chemical Co. (St.
Louis, USA)lA 3918} Thin Layer Chromatography (TLC)
9 High Performance Liquid Chromatograph (HPLC)®] EFE2
2 ARESITE £ AFe] AM8E HiAle BEFFE 93 PDA
£ x33te, AduidS $15 PDBS AN oH, dados
AHE-E soy-peptone 2 malt extracts  Difcodl| 4] 7t ARE
34t Sodium nitrate (NaNO,), potassium phosphate/monobasic
(KH,PO,), potassium phosphate/dibasic (K,HPO,)= Sigma®l|A] +*
U 2™, magnesium sulfate MgSO,-7TH,0), potassium chloride
(KCD, iron sulfate (FeSO,-7TH,O)E (F)HF3Hd(Korea) A ES
TA3kA AREEE AT, o]9e] BE AleF © HiR] AlkS dF
Aloke- AMGElTE HiA] FRIE 913k B2 Uubr(tap waten)@}t

Table 1. Components of culture medium (dissolved in deionized water)

Diplodia gossypina 9 2]t (+)-jasmonic acid YARZA A3} 211

deionization A& o] &3+ & o] 258 A18-3514}

=5 gk =

v A7, ik 2A3 JYEY 97t Wt basal
minimal salt medium (b-MS, 6)o14] W& H modified basal
minimal salts medium (BMS)2 4202 A% jolof o}
2} (N), (N2) 2 (N3)BMS2} salt medium (SM) (Table )& A}
B3l5or, FuR)E potato dextrose malt yeast salts medium
(PDMYS, PDB 24 g/L., malt extract 5 g/L., soytone 5 g/L, yeast
extract 10 g/LYE AHESIHT. 2E ¥IAE 25% NaOHE ©)&3}
o] pH 6.022 ZHF F 121°C, 2083t 2HF3le] AME-3iach
HAE T AFAuAA] viokE gAE o] &3tAY, B4 B
H dAE o] 83Tk JA Aike] HA 218 A 80
BMSOl fructose, glucose, lactose, sucrose$} starch (stock
solution, 50% w/w solutionys #% F%L7} 30gLE 37}t
BhAQlol] w2 FES APl on, SMEAE o] &3le] 22
=, 37 I 20 AR 370 AARe F4)
3l 100 mie] TA vlUYHAS cheese cloths ©])8-3ly] FAE
28 ¥, heating oven (95°C)llA 387t A% F =SA3IA
=3

Glucose gt &3

HIZR glucose?] MRS AAGSH7] A8l widl s 1Y 314
22 10m ¥ E£FE sk, 9HESG000 X g 20 min)dh
T ASRE et Fad AFYe 110 2 548k,
YSI 2700 SELECT Biochemistry Analyzer (YSI Life Sciences,
Detroit, USAYE- ©]-8-3] ¥l A] 1)} glucose T8 A H3}3Th

TLCE 0| &8t JAS| &4

o= 797 widskd 25% H,S0, & ©]83l pH 458 %
= &, v ethyl acetate (1:1, VIV)E ¥l 31 votex
9 AAEY &, ethyl acetateF S EE3t AJEE ARSI
Z} A8 silica gel TLC plate (Merck, Germany)o|A 27133

Medivm (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 20 2.0 1.33 2.0
KHPO, 0.5 0.5 05 0.5 0.66
MgSO,-7H,0 2.0 2.0 20 0.5 0.5 0.6
KCl1 05 0.5 0.2 0.5 0.5 0.3
FeSO,-7TH,0O 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,-7TH,0 - - - - 0.01 03
MnSO,-7H,0 - - - - 0.001 0.003
CuSO,-7H,0 - - - - 0.0015 0.003
Na,MoO,-2H,0 - - - - 0.001 0.003
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31, Alge] A= TLC chamber (20x20x5 ecm)oA) =38 8HT).
A7) &ulle] ZAJ2 nhexane : ethyl acetate : acetic acid = 50 :
50 : 0.5 viviv) olH, FAAZE Bt TLC plae & AEANZ F,
A 9KH,SO, : ethanol : vanillin = 40g : 10g : 0.5 gS ©]
g3t X E 53t JAL EAE Blslt)

HPLCE 0|88 JAS| &Y

HIGYS 10 ml & 23 &, AAELSNG,000 X g, 20
min) B{X] ElQA-S SEiHTh SlE YA 025um
PIFE syringe filter (Millipore, USA)YE ©]-8-3] ol A5 &2
0] 831, HPLC 48 93 (+)-JA 7)F EZL methanolS
]88} stock solution (100 mg/g)S FHIFH F 20°CoA B
3lal, Foo wel d-H,08 83t o7 =2 Fsle A}
£3l90. A3E 20 p19) A8 HPLCY] 335t JAS] A
45 423190 HPLC A= P680 HPLC pump (Dionex
Inc, USA)®} Model UVD 170U/340U 7AZ7](Dionex)E ©]&-3}
Aot B4 comne C; %4 column (5.0um, 150x4.0 mm,
Bischoff, Germany)= AME-3I1L, column £5+& 35°CE X8}
WA BAETh 72&719) uvel 348 200 nm, 210 nm, 220
nm, 230 nm®] Z}7] the o2 FAld| A&} SR
©2F 0.1% TFAE T3 d-H,09} acetonitrileS 6:4% 4]
0.8 ml/min 42 2 F-A3IHA A48}

dot W o

D. gossypina ATCC109360]| 2] 8 JA A&

D. gossypina ATCC1093691 213+ JAL] AARS- 815} 7] 5l
A, HGAE 1Y HEeE 10mE BFHE sl 9AES
$(7,000 X g, 20 min) FFFEE IG5l JA YAHFEE TLC
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2 FABATHAE FAA]). TLCE JAS) AJ4to] &g ujjokel
& JAY) AHEE 9319 HPLCE o) &3t 4319 thFig. 1).
ATCCoN A Y43t D. gossypina TAE ATCCOAM AFd M=
Hjek WHS o]8-3lo] PDBefl WY 9 JAE ABAFEIA] st
o} JAS] Aaks 98t it wlA] 2o o] &E e, D.
gossypina®] JARAY T8 & NI wigde] Az mel AJrkaF
9] A3 2o]E KBl ATt whitedl A yellowe] 7S 713
B JAYIE BYom, bluedll Al dark blackd 749 JA A4t
Aol dAsIA EELH, o] Aot Kim (8)9 Ao} YA
gk, BiA]) 28 FUgE r|YEe] Ax Hle] B3 A7 &
A BuEzl kot HAE ASEe odslz A%
sporulationdF-g-o] #HEH HYor FAHIL YA D
gossypina®] A2 sporulation® 32 HA7IA] BILE ] sk
ok R JA AAHIE VA ES] FAFE BHo] Qe Ao
set=| e}, §H8, D. gossypina] W% 5 VIS Wik e)s}
pelletB S A'd A5 JAY) AR A AU ©)
£ D. gossypina® JA AAAE Mol A #Eo] gle 23k
YARHEY EAHZE AHAY, D. gossypina®l 23 JA AAMHH
Atz o] |7t FU1E Hasit.

HiX] HEof 2 7ol ME I JAS| MLt ZHA|

D. gossypina ATCC1093691 &J3} JAE A4te 79, AX A
AFe Z718 HAPSFT O Adsl JA B4 ShE) 9
3t D. gossypina Aol HG3t wix|e] Heat §A jae] A
e E 7 dE HIAE A9t 98t vla A8siatt
(Table 1). PIAAE A4S 918t A FdllA]e} & SHo=
BMSE ©|&3te] 435 & N-source L F7189 Fxo ¥s}
g & 7Y A 2FE 1% AFIH o2 79Uzt wieks}
Atk BMSHIAIE o188 B¢ 71 9<%t N-source® &3}
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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} Thdgt N-source® 718121 NaNO7} JA AB4kel] 7}
%4 23 N-sourceZ FR1E|o] o] Aol A& hAIE 1)
RAA). D. gpssypina ATCC10936& nitrate reductase®] B3& &
8] NO,& NH,'2 H#3}H NsourceZ AMS3le Ao 334
Aok, D. gossypina ATCC109362 ¥ A2] ZF-2} BAIQlo] Hiek
S AR F 239 B FASA dAHE ST vk,
JA e FAFe) F7het ARl ALFHoE FTMTE
Aoz Vet gl PDMYS Bl RolA 747 vjkd
50 AXFE 368 gL 02 7P =koul, JA AL A
Z3l5t). ez B T4 3 BMS iR B
FE FAFE Ao Ao =& JA7l AAEATHEg.
2A and B). JA AFEAE 95} HPLCE ©]&3l] B3 3
3, SM A A 650 mg/Le] FEE B P & Hog
Egon, 2 thgog (N)BMS7F 500mg/l-e JERIKTH
(N2)BMSS| 7% 4728 mgLE 7F4 ©& A2 AArkFg.
2B). N2)BMS®] 79 ¥iA] 24 H& F NaNO,9} o] Ah
Zo® ¥e 792 NaNOol &3 pHY] F3kll o3t JA 4
Aol FEE W Ao P nAR wela 7o A

>

Biomass (g/100 ml)

BMS (N)BMS  (N2)BMS (N3)BMS  b-MS SM PDMYS
Media

o

JA Production (mg/L)

PDMYS

BMS  (N)BMS (N2)BMS (N3)BMS b-MS SM
Media

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 9 2J3t (+)-jasmonic acid AAEZ7 A= 213

A} 1AS] AETe] BAVE wieA) vlElH o s AXE)R] gk
& FRIsAThFg. 2). ST A F71e} A TAY A
2 yellowdlA dark black® 2 W3EE Aoz BAAE] JA
AT FA ] Axs dHS BHe] e Ao AlgErh
ol#gl Aule oWl JAZF D. gossypina® 23 AR E &
AEA, vBE AT JA A7) 2 7)) BEs
o 7} A57F Basi.

i kOl ALBE[ = S0 HE 8k

D. gossypina ATCC109369] 372 vjA| 34% 5 I44
H(CS} N-source)ll FEFE WA 7] A A JA AL
HiA W I3HE gt 2U18Ee] J3E e Ao A4y
I Ak, 8). E3] #iA J Fer 9] EEo] 2o Qe u
= Ao RIFHAJTHAE A, w =]l ARG-E Eof 2]3}
B wiRo M BFE D. gossypina®] TAF & TAH ] AEo

Wsp BEHTh B S0 AAHOE EAlsks oled] @

JAS] A4kl i FEkRS Yolr 7] Y3, Uut(tap water), 18
Q9 =o|24%(12} deionized water), 7 MQS] Eo]&4(23}
deionized water) 3552 7IX| 2 #& wjgksldct 2 A3} gyl
Foll A M3t D. gossypinadl e JAL) AAato] dojutr] gt
o 18 QO €olxFet 7 MQY ¥olgfoNe A
200 mg/LS}F 500 mg/l. FE2] JAS Aikshe Aoy Felge
H, dukes ARSE A #A9) AEE dark blackS 2 HHE
&S Bvh gy B APeNE 7 MQe] gol g AMSS)
o E0] & F v FEFS HAIH o3 dife & &
EABRE A% o&o] 7A A4S FZAT7IE ¥H, JA ALke
Asfsle 80102 A83l= Ao FHHE

Blaflo| HE

JAE X 3AME, linoleic acid’} octadecancid pathwayE 5
Al de novo synthesisE 53t AitElE Row LA Jo}
(). JA B4+& 98} linoleic acidE H71E 2% 4 FriEe
A2 ol 25t 1A A 2 B2 E AsNEK, JA A
o] a3t A9 CsourceE Z7Z37] $18+e] BMS fructose,
glucose, lactose, starch, sucrose® #HE F% 30gLE 713l
A3 A} starch, fructose, lactose, glucose =HE. D. gossypina
ATCC10936 TA %] 2715 BF o RIE uAA), JAS] A4k
£ fructosed 713 WAl glucoseS 71 ARt £F o
Bol Aise Ao E Jepgrh. aeuv 71E 2 AAEAA
Erdo] 25317] WEol| C-source® EEFOE ARl JA
3R] dFE A3t

JAS| MMz A5}

D. gossypina ATCC109365 ©]-&-3 JA A4 FH<] MEe
At Wi o] 247 g BiX|e] pH, FAE wdexs} &
& Ao I U FAY RS FA) P4 (dispersed growth
vs. pellet growth)oll J3& & 4 e A wukpe 93-S
ZAsact. ZE Hix9] 27| pHE 6.0°2F 25% NaOHE ©)
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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.

g3l 2AS F A9 pH ®islol| mE JA ALk WSl o
3 3k RISt Ag A, 77149 wiAdA pHrt A2
th2A HelEe RS GAT 4 Ao, 27] uidl] wjet ul
9] pHE 42 Zol8Y, o5 vYg 64S 71HSE pHV) 5-6
AT T A dssle AEE BYAT, 7714 HiA] 2ol pHo
Halol] ;2 JA AL & AolE JEhRA] &3ith. E=3E A
Aokl g pH Wshke A YehtA] Stttk wlAAD.
FEE A EY ST JA ALt S vHE AR &
24 Aol(6), A JA AP E BAFE SM jAA JA A
2k} A =& SANYLE D. gossypinaS] A5 =9 9
slo] AUl oz e Jas Wgkon, JA AL 77t 24°C
ol A 250 mg/L, 28°CA 500 mg/Le}t 30°CoN A 400 mg/LE Wt
ElLt 28°C7} JA Aol F1g ARt 252 IR ATHFg. 3).
TAR AL T2 3U)4 mAE o) Ae} o] aerationol
02 §F Abhg] FAS Bom, At vl ) TR Fe

700

@
2
=3

—_—
E_ 500
&
g 400
£
<
= 300
=
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o ‘Lﬂ_l
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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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aeration®l] WS sheer pressuredl] AYFE AR dEA 9],
sheer pressure’b M 73 pellet HEl S A3t wilpr) 4
S pellet?] 270] Z7HTE. Pellete] 7o) F7 sk A}
9 $&E0| Z4adt] 2 pelleto] o B TAAE A
£ A7l A aeradon} JA A4 B BAE FRIsH] Hst
o] agitation speedS 22} 15054 200 rpm o2 ZH3}S w3t
A3 200 rpmoll A JA Aol FUEEIAT, A peliet size
= Folxe Ao FRIEAKFg. 4). D. gossypina®l 23+ 4k
dE JA ANHFAY AL 2 HHsE g agitaton Z
acration®l] 2]3} sheer pressure?] A HAAAE F213lr] $3lH
20-liter TAVNE o} 8F Aol JPFH T

ZAlel &
o] =22 AX olFslE ERC 2AYE 7SI TANE 9

AFUetw 7S 9] 20059% Ak B 7lE

Z2A A AR e] Aol ofste] FREUS

it
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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.



