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Isolation of Phospholipase C Inhibitor Produced by Fungal Isolate MT60109. Won-Keun Oh,
Hyun-Sun Lee, Chan-Sun Park, Soon-Cheol Ahn, Hack-Ryong Ko, Tae-Ick Mheen and Jong-
Seog Ahn*. Cellular Response Modifier Research Unit, Korea Research Instifute of Bioscience
and Biotechnology, Taegjon 305-600, Korea — During the screening of inhibitors against phospho-
lipase C (PLC) and the formation of inositol phosphates (IP) at NIH3T3yl cells from microbial secon-
dary metabolites, we selected a fungal strain MT60109 which was capable of producing an inhibitor.
By the taxonomic studies, this fungus was identified as Pseudallescheria sp. MT60109 and an inhibi-
tor of PLC was purified by BuOH extraction and chromatographic techniques from the culture broth
of Pseudallescheria sp. MT60109. The inhibitor was identified as thiclavin B by the physico-chemical
properties and spectroscopic analysis of UV, FAB-MS, 'H-, "C-NMR, 'H-'H COSY and HMBC. Thie-
lavin B showed potent inhibitory activity against PLC purified from bovine brain with an IC,, of 20
UM. And it also inhibited the formation of inesitol phosphates in platelet-derived growth factor (PDGF)

-stimulated NIH3T3y1 cells with an ICs, of 20 uM.

Phosphoinositide specific phospholipase C(PLC)+
platelet-derived growth factor (PDGF), epidermal
growth factor(EGF) 52 Al2AAAA} vasopres-
sin, angiotensin 52} x}=Ql2p7} A L 2toll Ex)3}= 2+
7ke] g-Ao) Agslr 2 BAsE = Zow JdHA
ArH(1). #&A33lE PLCE Al £} el 428F Zal3}+= phos-
pholipid?! phosphatidylinositol 4,5-bisphosphate(PIP,)
£ inositol 1,4,5-trisphosphate(IP;)2} diacylglycerol
(DAG)E st} AAE [P Al EWL] AR E]
Ca*"& f2]A17]132 DAG+ protein kinase C(PKC)&- &
AEHAA dEe] IR frste] FFASE AE
o] Ak} B3hE d ook (2).

Az 72| okeizl PLCO] AlEd] Alsx e vh-g-of 4] 2]
choFgt 24 AgS & of A9l PLC HslA7} gt
A& w]Zslo] AAA, <3 A3 Y HdGA] Hg 28
AzAe] et s BodFal 9lo] o] &2 ©o]
o] Fo) %] 31 UTH(3, 4).
1=7k2] beizl PLC A2l 2= §7184 ether
lipid&! ET-18-OCH, (5) % phosphoinositol +% #|(6)
Sol deix 9dow vAE fa PLC SR E = Pen-
icillium vinaceum2-Z%¥] 2% vinaxanthone(7),
Actinomodula sp.2) Q 12713(8), Chatetosphaeronema his-
pidulum S 25€] #2]% hispidospermidin(9) % Cdlo-
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Fo] H&]F MT60109% EoFo 24e] ¥2]§ 7
2 ook g3 2} 14 (9] jar fermentorel] I
yeast extract 3 g, malt extract 3 g, peptone 5g, glu-
cose 10 gol &5l wir|ol] 447} wieks EFNS 3%
A Esbe] wjo% 25T, £71% 0.5 vvm, 3R 200
rpmell A 74 7F vl oFslod vl
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HEPES, EGTA, L-3-phosphatidy! inositol(PI)<> Sig-
martell4] PDGF+ GenzymeAlell A F) dled AR5
c}, PLCs} PRC 248 F437] flsled [PHI-PI8} [y-
“PIATPS AmershamAbellA F3i3kich, Ml ZEW ino-
sitol phosphates(IP)-& &4 3l7] ¢13le] A&7} anion-
exchange resin AG 1-X82 BioradAlellA +sislaict.
TLC silica gel 60F .2t RP-18F ;. S(Merck) 5 A3}
9l o column chromatographyell== silica gel(70-254
mesh, Merck), ODS RP-18(40-63 um, Merck),
Sepha- dex LH-20(Sigma)-& AF&-3stsivh &8e] ¢
F MT601092] wieke New Brunswich ScientificAF2]
MF-107 Jar fermentors AH&-319v}. HPLC<= Shi-
madzu LC-6A system& AH4-8191.2w UV spectrum~>
Beckm- ann DU-64-2 AF&-3le &3 ct. 'H-, “C-
NMR, 'H-'H COSY ¥ HMBC spectrum-= Varian
UNITY 300 NMR spectrophotometer= FAB-MS+
VGAF2] GuattroZ 233k}, PLC, PKC &4 % 1P,
MAyere]l 248 93} radioactivitys BeckmannAh
LS 600 TA scintillation counterE o]-8-8}o] FAI3}dct,

PLC &M &&

PLC+ DE-52, matrix green gel affinity, phenyl 5-
PW % Mono Q column chromatography= ¢|-83}¢
49] 2e x| ZHe] A ASte] A3l e PLC 41
Rhee 5-2] wiiielluje} FHA3ssdet(15). 20 uCigl [PHI-
PI7} =85 50 uM PI®} 1 mM EGTA, 3mM CaCl,
50 mM HEPES(pH=7.0), 0.1% sodium deoxycholate,
A4 5ul, AAHAIR 10 plE A7k 200 ple] vE-Z-A
£ 37Tl 107 w2171 ¥ CHCl/MeOH(2/1) &
ol 1 mle ol uk8-8 x| A FAct olelA 5 mM
EGTA7} 235 IN-HCIE 0.3 mlS ¥ 42 F
Al Ralslo] AFSalZ0] radioactivity s =3 8l ).
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Al FE ] TPEFS] 238 10% fetal bovine serum(FBS)
o] Z3%}F% Dulbecco's modified Eagle's medium(DMEM)
of 4 wj<kgk NIH3T3yl A|E£FF A3} Ahn 5-(16)
o] "ol whe}l Agsledct. 6x10° cells/ml2] NIH3T
3yl A FZFE inositol > A7 & DMEM#) =] llA] 24 A1 ZF
%ot 1 uCi2] myo-12-*Hlinositols} &7 slloFslaic}. o]
2 A wjokst A E-5 phosphate-buffered saline(PBS)
2 A23F 5] 158 EF vlloFslsicth 7)o A ARE
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5ul A7HRE H 20854t viekstz PDGFE 30% &4t
2FFsks. o] MESFE 5% HCIOE AH3-3ke] whg-2
Z2]A17) ¥ M ZW inositol phosphate® F=3lsic).
ZZ% inositol phosphates® Biorad AG 1-X8 anion
exchange columng AH8-3le] F-2A17) H 10 ml&] &
Fo2 AAsT 5 mM sodium tetraborate$t 60 mM
ammonium formate£< 10 mlZ t}A] A A 3}eic}. o7
2to & 1 M ammonium formate} 0.1 M formic acid
£ AF8-3}¢] total inositol phosphates& 24171 ¥ ra-
dicactivity & 4 33 ch.
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2} =2 3lel o PKCy 4 X Z4%E DE-522} phenyl
5-PW column chromatographys o]-8-8fe] F-5-2 |8}
F ARS-shRTHT).
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sjef AF5-oN-g B AA Bl A e 2AS §3
A7 H 70% MeOH-& AH8-8te] A E}9dth. Acetones
g3l FREAS 85417 5 oA HHEL] ace-
tone =3} §sle] FEIct. FHEAG Eol &3
A7l 1 BUuOHZ £l 523}od silica gel-2 gol {§-2HA

Z3lgcl. CHClL/MeOH=10/1% A/N&Z 3}
silica gel column chromatography2 #383slict &
A $F= ZF EFvjct PLC A s&34-8 HAsle] A &)
gtAjo] 7tgt B3 & wol 5% H CHCly/n-hexane/
MeOH=2/3/1% 704w 2 Sephadex LH-20 column
chromatography 2 Al A]&}adc}. olw] PLCel w3l A&
gAS Bolx] gromi A EAI FARRE EA4E Al
= A4 BASE oleld Sl A 7] §5A4
A AAsldcE o] % MeOHES A7lEviz AH3-3)of &
AEAL £ H F53 50% MeOH= A 7i-8-7l
2 Lobar RP-18 column chromatographys A A]3}sd
o}, 7] B35 5 S AP E Hel= £E S R
o} Prep. HPLC(column; YMC-Pack ODS-AM ¢6.0
mm X 250 mm, £9; 50% MeOH, 5+ 2 ml/min, UV
detector; 254 nm)E AAIEFAct ol retention time
(RT) 2080 sldsl= S ERE £ ¥83l] CRM
-601092. w43l ch,
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Fig. 1. Morphological obserbation of fungal isolate MT60109.

Strain of MT60109 was cultivated on PDA medium at 25C for § days. A: colony of fungal isolate MT60109; B: mycelium and cleis-
tothecium (X 150); C: ascospore and broken cleistothecium (X 250).

25°CelA 54 viekahE colony2] Hel(Fig. 1-A)2} 338 47)¢] 217} Eo9= APd o2 R E| elelsl e A} g a)
duldeg agt #Al 2 Az P (Fig. 1-B)3 9=}y 7t S RStk (Fig. 1-0). o14ke] destd &

ol FEe) Bl F2H(Fig. 1-C)& & Alale 45 Table 1o Hejste] FA18}d T, o]e] EAL 2
AT 5 MT601095 PDAR] o] 4] 590 ufofa] = 2 Medically Important Fungi(13), Compendium of

dol 6.5 cm HEr) HEE AldsiA Atsledct Colo- Soil Fungi(14)oll 7]&x f-A4 222 2pd 2212 921y

nye] AZE Ao A o9l ont MAgemde} colo- 7o) AAEE Eabe] e WALSle]  Pseudalles-

ny2] W5 FAlMFE Mo e wisled oo wfz|um cheriass 30| (18)2 %A & 4 9lgiv)

w "l s e 2 wstdth(Fig. 1-A). w3t 3} ¥

W7ol 213k fabelld] dabe Aute) glom Bl 2w CRM-601092| O|3HatM MA 3 PXREX

SRS 2172 2-4 pm ©)1 88 Ad3kel. Colonyd] &4 CRM-601092] o]3}ef2] AJAl-2- Table 20 %48}

ol SE] ZAe] slxbdr] (cleistothecium) S & Ad ) . CRM-60109+= #4722 R spectrumell ] 1660

R HAPG7i= AA el 50-250 pmel =7]99 e} Fig. cm™ ¥ carboxylate, 3106 cm™®] aromatic CH stretch-
1-B). o] sz} d7]+= A ERA 0 2 slelslel ond ing< #3830 UV Amax(MeOH)E 277 nm, 310



Table 1. Morphological and cultural characteristics of the
strain MT60109

Colony

Hyphae
Ascospore
Cleistothecia

grow rapidly

colony diameter on PDA: 6.5 cm after 5 days
surface: spreading and cottony mycelium
color: white at first, brown with age
reverse color: white at first, becomes gray
septatic, 2-4 pm in diameter, hyaline
elliptical spore

brown color

form in the center of the colony

release elliptical spores when ruptured
50-250 pm in diameter

Table 2. Physico-chemical properties of CRM-60109
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Appearance Whitish powder
Solubility
soluble MeOH, BuOH, EtOAc, acetone
insoluble H.O, benzene, n-hexane
UV Amax(MeOH) nm 277 nm, 310 nm
(1N-NaOH) 241 nm, 315 nm

IR vmax (KBr) cm’”

1076, 1660, 1745, 3106, 3403

FAB-MS

567 [M+H]

nmell 4 F | F5u3te] st =3k CRM-60109
o obzlelLololA] UV Amax(MeOH) =& A 241 nm,
=

315 nmi=
25E o]

T
SapAke] o] Fo] abz|glc}, o]#jE A
212 ortho$l #7F * g% salicylic acid

vl E=Asle .o FAB-Mass spectrum =58 [M
+H] ion peak?} 567¢l4 TG or= FAFERFS
566.02 ARt '"H-NMR spectrumel]A] 2.1~2.8
ppm Akelell 4 8742 CH,, 3.9~4.1 ppm Alelel4 274
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Fig. 2. 'H- and "C-NMR spectrum of CRM-60109 (MeOH-d,).
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Fig. 3. HMBC spectrum of CRM-60109 (MeOH-d,).

Fig. 4. Chemical structure of CRM-60109 elucidated by
HMBC.

'"H-"C long-range coupling (—) were shown in important positions.

el -OCH., 6.8 ppmel|A aromatic ringell 7|1k proton
peakS #eldr 4= gledv}, el 3 “C-NMR spectrume|
3= 8.0~26.0 ppmell Al 8742} CH, peak, 62 ppm <3
o] 2702 -OCH, peak, 112.3 ppmell4t 1782l aromatic
ringell4] 7191&} signal®} 103~171 ppmeli4] 20782] qu-
aternary carbon® &l 5= 9)dch(Fig. 2). =34 'H-
'H COSY% HMBC spectrum(Fig. 3)-& o83l 2+ #]
51719 A a3y A4 aE ZAAsc) oAkt e o
sty B4 9 717184 A3 CRM-60109+ Kitahara
o) Thielavia terricola=%5€] 2% thielavin B(Fig.
4) 2 FAHETH19).

CRM-601092| AME&HA

CRM-60109+= NIH3T3yl Al EF44 PDGF A=l
)5 [P AL dBted 20 pM2] FollA] IC, @& 2o
Zolth(Fig. 5). =& PLC 2} PKC &Ado g Aal=}
88 2215 A3} PLC 84l ol disted & 20 uMell A 1C,
7he Ho] 32¢) o1 }(Fig. 6) PKC 343 K562 Al 255
o]-&-5le] PKC #4313} 2H8-& ZH& phorbol esterd! PMA
o 2]% MxExmme] »FIAE Mgl A3k 200 UM
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Fig. 5. Inhibition of IP, formation by CRM-60109 in PDGF -
stimulated NIH3T3v1 cells.

After prelabeling of NIH3T3yl cells with myo-[2-"H]inositol for
24 hr, the cells were stimulated with PDGF in the presence of
CRM-60109. All the procedures were done as in Materials and
Methods. The value in the absence of PDGF stimulation was 2,
036 dpm. Data show means+ SD from triplicate experiments.
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Fig. 6. Dose-dependent inhibition of CRM-6010% on the PLC
activity.
The value in the absence of PLC was 488 dpm. All the points
show means + SD from triplicate experiments.
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PLCE AlEWo] 23] vleko 2 Eajstm Z2te] 24

olv} AHlE2] FFol w=} =F9] isozymee] dct. PLC
= AlE AzAEA oAt A EFTTel EAl St PIP &
Bl sle] P2} DAGE A3l ol A=W Al
o] 23} i AL E ZH83te] of 27 R] M ESFA R vEE-
2 §53cth gebs o] A4 AHHA7) Al TG RA]
o] o] AS FAs= A4S 71Al = QLS Folgk 7|t}
of] W& A7) A= gl

x5 BoF S W 8 AES dites PLC
A 54 G T BofollA Bt FFelal Ps-
eudallescheria sp. MT6010925€] PLC A3i2H-8-& 7t
= EBxlg Fested 'H-, "C-NMR, 'H-'H COSY, HMBC
% FAB-MS59] 7171245 &3l thielavin BE 7%
3t} Thielavin B Kitahara 5(19)°] Thielavia ter-
ricola2] wjefoR o 2 Re] R2|3t s AZgHoT =
prostaglandin H,Z%E] prostaglandin E,®| 234 =}
PEx S 9 uMe| FrolA 50% Asiste RoE
de{ x| 32 qirh

221 thielavin Bell W&l 4+ prostaglandin 2 §HAd
e &4 o]l tlE A ESA tig B v gl
B =54 PLC AM3l&a5 Al 2] ¥ sl vlolr].
o]#] &} thielavin B 20 uM FXolA 49 22 ¥ o4
F-2)gt PLC &4& 50% A8kt 12]lx o] 22
Aol PLC Aol g Al &aatg ZARskax
PLC7} #pitadsl= NIH3T3vIA 278 AH8-3le] PDGF
o oj%) frEi= AEW IPoFS 245kd-& A 20 uM
FroA IC,#S HodFdrt. olelgt A= thielavin
B7} #A7x] 2% PLC #As)E% <l vinaxanthone
(ICs=5.4 uM, PLC purified from bovine brain)(7),
hispidospermidin{ICs=16 UM, from rat bramn)(9), calo-
poroside(IC,=18~31 M, from rat brain)(10), amen-
toflavone(IC,=30 UM. from bovine brain)(11), prenyl-
ated flavones(IC;=5~30 UM, from bovine brain){(12) &
ol B]sled ekalAv; 5538F A5 HojFsict 17
o}, PLC ¥eldov} PLC &4 S ubi & zhzke] A3t
o we} vk e g AAFH] v & 4 fdoh =3 &
A7 B PLC Aa2go]| -8 i vitro ZA408A]
nhg- 22131 7)o 8 2{=}So] NIH3T3yl A ET5 A3}
o PDGFol ]3] EA1s}=]= PLCyoll gl o ak-& 2418t
o AW [PoFe ZA3= v e 2 W w3k amentofl-
avone(11)-2 A|2)3lz+ g1t 4 thielavin B 413
Adapg ol Fa% &= o 49 PKCel i3 s &
T ZARIEA o 200 uMS] FECAE AdEAde]
zhw) =] edgre ] PKC #4313} E-2<2) phorbol esterel] 2
3] fE=e K562 Al 98] £F 3 A el A&
A8 Jep|=] ikt o]2idt A5 & W thiela-
vin Be] AlZu Aol Aaefr2 PLC tHt
21 A al & slel 7]eldte] A FE W total inositol phosph-
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