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Chemical Constituents from Marine-derived Fungus Penicillium glabrum

Jin-Young Min, So Yeon Park and Sang Hee Shim*
School of Biotechnology, Yeungnam University, Gyeongsan 712-749, Korea

Abstract — Marine-derived microbes have yielded a variety of metabolites so far. In the course of the project to find metabolites
from marine microbes, an isolate of Penicillium glabrum (SF 5317) was selected for chemical investigation. A large scale cul-
ture of this strain in PDA media was extracted with an organic solvent and the extract was subjected to a serious of chro-
matography, which led to six metabolites. Their chemical structures were elucidated as sulochrin (1), questin (2), questinol (3),
ergosterol (4), 3-methyldesmethoxyyangonin (5), and hydroxysulochrin (6) on the basis of spectroscopic data. To the best of
our knowledge, this is the second isolation of compounds 5 and 6 in nature and especially 6 is isolated from Penicillium sp.

for the first time.
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M=
HEME -2 APl ARE sl =70l Penicillium
glabrum-> A2} &k s ¢F P E FEE 23 (Marine
Microbe Extract Bank, MMEB I £ & SF5317)
ol ARSIl om, FE-2 st AW st AAE
shel Aol Bt Folrh
717 = TLC(Thin layer chromatography)2] 23} 2212
UV detector(Vilber lourmat, France)S ©]-&3F 254 nm$}
365 nm Ip7gelA] FFSALL WAS Waste] 21T
et MAE Alxsh] flsl 247197 1(JW Medical
Corporation. CHS-AC 80)5 AR&-sto] AL, JQtollA RE
At ZA5 Dol Hdvte] widS f1al incubator
£ ARSI shekee] e, Al B spectrum YF HAL
£ 93l ARE- 3 HPLC(High performance liquid chromato-
graphy)~ Perkin Elmer series 200 liquid chromatography
9} Agilent series 1200 HPLC system®|t}. A= Vacuum
degasser, binary pump, UV/VIS detector, Flom manual
injector2 74 F|o] 9.2 Totalchrom version 6.3 software
£ A3t 3 AF= vacuum degasser, quaternary pump,
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diode array detector(DAD), manual injector, autosampler,
thermoastatted column compartment= 231 912 ™ Agilent
chemsatation softwareE AF&-sle] AS 73 It &
2, A 9 spectrum ¥ HIAE 913 HPLCO AH&-€
column- Luna 5p C18(2) 100A column(250x10.00 mm,
Phenomenex)3} Luna 5 pu Phenyl-Hexyl column(250x10.00
mm, Phenomenex)°|t}. & SIgHEe] 25 FH35H] 9
3l ©]-8%F NMR(Nuclear magnetic resonance) spectrum-=
Varian VNS 600 spectrometer('H: 600 MHz, °C: 150 MHz)
¢} Varian VNS 300 spectrometer('H: 300 MHz, °C: 75 MHZ)
28] 32 Bruker DPX 300 spectrometer('H: 300 MHz, “C:
75 MHz)E AF8-3le] 24315932, NMR chemical shift value
+ part per million(ppm)TH$ = YER I TE Mass spectro-
meter2. Jeol IMS6002 AMS-311 T}

Al2F — TLC plate= Kiesel gel 60 F,s,(precoated, Merck
Art. 5715)S AHElA T A 3HlS $ls) WAl ko 2
20% aqH,SO& AHE-3F3AT}. Column chromatography-8- 27
A& Kiesel gel 60(70-230 mesh, Merck Art. 7734)%}
Sephadex LH-20(GE Healthcare, Sweden)E A}-& 3}t
Column chromatography-& -7]8vl= Al<& 1(0CI
company Ltd., DC chemical CO. Ltd.)S A3,
HPLC?] o]5 4o 2%= HPLC grade®] water, methanol
(Fisher Scientific Korea Ltd.yS AH8-3}3 T NMR &4 -&
918 A3 gvl= CD,0D, DMSO-d,, CDCl(Cambridge
Isotope Laboratories, Inc.)e]Tth

BHQF — s F =70 Penicillium glabrum®] At) ¥l S
el Petri disholl PDB 24 g2} Agar 15g, 223 &30°]¢]
MR ef FAEE 7 o] wiA] A X2E flEl NaCl 25g,
MgCL-6H,0 5 g, CaCl,6H,0 1g& 118 1} 575l &
of QJIFHTE Axste o] F 41o] A xT PDA WMiAI &
25 mL o] T3] HYAE ARSI v A E A
7 Yol & o]gal Zefo] PDA H vix|el HEst
o] 25°C incubatorol| X 7-15%9 7+ wiSFatsiar, &4 € uj
FAE g gl AR ST o= w2 918l 270¢]
2.5L Fernbach flask®| Z}Z} PDB(Potato Dextrose Broth)
12 g3} Agar 7.5¢g 18] Qg4 375 mLe} 12} /S
125 mLE 40] ¥iXE Axsiiek. wiAE A € s
Moz Folo] Wit 5mLol| AEsle] Fernbach flaskoll
B3, Fgol7t 2 oA AtE s EE50F F 25°C
incubatorell A 7~15% 7+ wlsieie).”

— &k v %3t Fernbach flaske] MEK(methyl ethyl
ketone) 500 mLE FolEil A& HiRE 243AA &
A4S W]l 2A%F 52t sonication A|A SR Rt A
o FolEth Bojxl FEAE Fo8 AAHste] agars &
gatal, FFIEFS FFAR 42F 71 HolF
TS AAS 7 ALFAE ol &) FFEFAIUEFS 4

il

Kor. J. Pharmacogn.

E

M

5 AUEF7IE FF5t] 4.8 g9 extracts AUTH
22| ¥ A - gj@uigos dojxl FEE diste] 4
27t A& SXIgk Ao We F2Eo]=(CH,CL) %
8- (CH;O0H) &3 8vi2 v|54 8uiie Algtste] =4
=9 71 7127 4274 E9 49 azntEady)
éz‘f\] oPO% 2871 9] B3-S AUTHFr 1~Fr. 28). 4o
% Fr. 10} Fr. 119] thste] wgke Sui= A4
}O% SHE 15 mg)yS B8t 3t Fr. 79
g2 NAHL FEate] S3E 230 me)
12‘#‘3“5} :Lal; Fr. 149} Fr.150l thste] wehsE &
sl SHE 3(55 me)e TSIt Fr.
ZIXE(CHCL) 8= AFH S Fxst
SFE 413 mg)—— B abgle). 8k Fr. 49 Fr. 590 thst
of F22XE SVE AZHS F=st s8HE 53 my)
Z REjalxinh. vpReke 2 Fr. 222 Luna 5p C18(2) 100A
column(250x10.00 mm, Phenomenex)S ©]-8-%+ HPLC(Perkin
Elmer series 200)% ﬂxﬂé}ﬁﬂ 315HE 6(11 mg)yS H-2]5k3
t}. o] o EExALS 545 2.5 mL/minZ, AS 1057+ 60%
methanol2, 77 % O'\L‘ZJ' 60% methanoll4] 62% methanol
2, 2 % 10587} 62% methanolo| 4] 70% methanolZ 3t
S 1087F 70% methanololl 4] 100% methanol2 7]&7] &
A A

Sulochrin (1) — white powders. 'H-NMR (600 MHz,
DMSO-d,) &: 1143 (IH, s, 1-OH), 6.89 (1H, d, /2.4 Hz,
H-7), 6.67 (1H, d, /=24 Hz, H-5), 6.08 (2H, s, H-2 and
H-4), 3.64 GH, s, H,-17), 3.63 (3H, s, H,-15) 3.17 (1H, s,
6-OH), 2.14 (3H, s, H,-14); "C-NMR (150 MHz, DMSO-
dy) &: 199.8 (C-9), 1659 (C-16), 161.9 (C-1, C-13), 1583
(C-6), 157.0 (C-10), 147.6 (C-3),128.2 (C-8), 126.4 (C-11),
1094 (C-12), 107.8 (C-2, C-4), 1074 (C-7), 103.7 (C-5),
562 (C-15), 522 (C-17), 21.8 (C-14); (HFABMS m/z 333
[M+H]".

Questin (2) — yellow powders. 'H-NMR (600 MHz,
DMSO-d,) & 13.30 (IH, s, 5-OH), 742 (IH, s, H-8),
7.18 (1H, d, /=2.4 Hz, H-1), 7.11 (1H, s, H-6), 6.81 (1H,
d, /1.8 Hz, H-3), 3.89 (3H, s, H;-15), 2.38 (3H, s, H;-
16); "C-NMR (150 MHz, DMSO-d,) &: 1863 (C-10),
182.6 (C-9), 1654 (C-2), 163.7 (C-4), 161.9 (C-5), 146.6
(C-7), 137.0 (C-12), 132.3 (C-13), 124.3 (C-6), 1192 (C-
8), 114.6 (C-11), 1124 (C-14), 107.6 (C-1), 1052 (C-3),
56.4 (C-15), 21.5 (C-16); (+)FABMS m/z 285 [M+H]".

Questinol (3) — red powders. 'H-NMR (600 MHz,
DMSO-d,) &: 1329 (1H, s, 5-OH), 7.57 (1H, t, /=0.6, 0.6
Hz, H-8), 720 (2H, d, /24 Hz, H-1 and H-6), 6.82
(IH, d, J=2.4 Hz, H-3), 457 (2H, s, H,-16) 3.90 (3H, s,
H,-15), 3.17 (1H, s, 2-OH); "C-NMR (150 MHz, DMSO-
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dy) &: 186.5 (C-10), 1825 (C-9), 165.1 (C-2), 163.7 (C-4),
1619 (C-5), 1514 (C-7), 137.0 (C-13), 1323 (C-12),
1212 (C-6), 1165 (C-8), 1153 (C-11), 112.7 (C-14),
1074 (C-1), 1052 (C-3), 623 (C-16), 56.5 (C-15);
(HFABMS m/z 301 [M+H]'".

Ergosterol (4) — crystals. 'H-NMR (300 MHz, CDCly)
8: 5.55 (IH, d, /=33 Hz, H-7), 536 (IH, t, J2.7, 2.7
Hz, H-6), 519 (1H, d, J=54 Hz, H-23), 5.17 (1H, d,
J=6.3 Hz, H-22) 3.62 (IH, m, H-3), 1.02 (3H, d, /6.6
Hz, H;-21), 0.92 (3H, s, H;-19), 0.90 (3H, d, J=6.9 Hz,
H,-28), 0.82 (3H, d, J/~4.5 Hz, H,-27), 0.80 (3H, d, /4.8
Hz, H,26), 061 (3H, s, H;-18); "C-NMR (75 MHz,
CDCLy) &: 141.6 (C-8), 140.0 (C-5), 135.8 (C-22), 1322
(C-23), 119.8 (C-6), 116.6 (C-7), 70.7 (C-3), 56.0 (C-17),
54.8 (C-14), 46.5 (C-9), 43.1 (C-13), 41.1 (C-4), 40.7 (C-
20), 394 (C-12), 38.6 (C-1), 37.3 (C-10), 33.3 (C-25),
323 (C-2), 30.0 (C-21), 28.5 (C-16), 233 (C-15), 214
(C-11), 20.2 (C-27), 19.9 (C-26), 17.9 (C-19), 16.5 (C-28),
12.3 (C-18); (+)FABMS m/z 397 [M+H]".

3-methyldesmethoxyyangonin (5) — yellow powder.
'H-NMR (600 MHz, DMSO-d,) &: 7.65 2H, d, J=7.8 Hz,
H-10 and H-14), 742 (2H, t, /~7.8 Hz, H-11 and H-13),
737 (IH, d, /=72 Hz, H-12), 7.34 (IH, d, J~16 Hz, H-
8), 7.03 (I1H, d, J~16 Hz, H-7), 6.76 (1H, s, H-5), 3.93
(3H, s, Hy-16), 1.83 (3H, s, H;-15); "C-NMR (150 MHz,
DMSO-d,) 5: 166.1 (C-4), 163.7 (C-2), 157.0 (C-6), 135.5
(C-9),133.7 (C-8), 129.5 (C-12), 129.2 (C-11, C-13), 127.6
(C-10, C-14), 1202 (C-7), 101.3 (C-3), 97.5 (C-5), 57.0
(C-16), 9.0 (C-15); (HFABMS m/z 243 [M+H]".

Hydroxysulochrin (6) — pale yellow amorphous powders.
'H-NMR (300 MHz, DMSO-d,) &: 691 (IH, d, J=2.1 Hz,
H-7), 6.68 (1H, d, /=2.1 Hz, H-5), 624 (2H, s, H-2 and
H-4), 435 (2H, s, H,-14), 3.80 (1H, s, 6-OH), 3.65 (3H,
s, Hy-15), 363 (3H, s, Hs17); "C-NMR (75 MHz
DMSO-d,) &: 199.7 (C-9), 165.6 (C-16), 161.7 (C-1,C-13),
158.0 (C-6), 156.8 (C-10), 152.0 (C-3), 127.9 (C-8), 12622
(C-11), 109.8 (C-12), 107.2 (C-2, C-4), 104.1 (C-7), 103.4
(C-5), 62.3 (C-14), 559 (C-15), 51.9 (C-17); (HFABMS
m/z 349 [M+H]".

73t % o

Penicillium glabrum®] MEK FE=2 A7} 4 24 A
zrtEaziy| e 283 5 A2 £38 HPLCE A
st & 652 HARIES FEltith(Fig. 1). S5HE 19
'H-NMR spectrumol| 4] & 6.892 6.67914 22+ doublet (J
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Fig. 1. Chemical structures of compounds 1-6.

= 24 Hz)2 2 YER}E= signal2 E<2135F¢] benzene ring?l|
meta couplingstal = F 709 protons EASAIL, §
6.0891A] singlet 22 UEh}= 5 7119 aromatic protonS
gtolgd = ATk T § 364 2 363904 F A9
methoxyl proton signalS &1 = AUA 3L, § 2.14¢4]
aromatic ring®ll X3+l shte] methyl 719 EAIE 11T
4 At} o] 3= PC-NMR spectrumol| 4] § 199.89]
] 3t ketone=, § 165.9914] dte] carboxylic carbon
signal& &1 7 Ut o]¢} 22 dataE VIR OE o]
3}3H=9] benzophenoneAlEUS F4E 4= At AF st
3 UE B71ES A= HMBCE S45ho =4 243
T AUt 8y 3.64914 LERS methoxyl proton©] 8. 165.9
9] carboxylic carbon} correlationst] ©] proton> methyl
ester®] proton® & Q1T F AT E3FF §,; 3.639
methoxyl proton3} H-5 (§,; 6.67)= C-10 (5. 157.0)3%
correlationd}] YA methoxyl7]1i= 100 $]x]ol] A3}l
RS AT 4 ST §y; 2.149014 YERS methyl proton
o] C2 ¥ C-4 (5. 107.8)% correlationst= A2 ©]
methyl7]7}F 39 f1X]o]] Ae}stal ASS IS 5 AT
o]%9] datas FTHstaL, T H|wEte o] B ES
Aspergillus terreus?| X £2] B31¥ v} = sulochrin® 2
s

335 29 'H-NMR spectrum®l 4] & 7.18% 6.81 (2}
doublet, J = 2.4 HzIM meta coupling 3t A= F+ 7H<]
aromatic proton=, & 742 2 7.1191A F 7H<] singlet
aromatic protons 1% = Aot 3 § 3.8990141 sht
2] methoxy”| &, & 2.38914] aromatic ringoll 23 X|3s}aL
A= g 7RO methyl’] & ER1E AU o] sHHE2]
PC-NMR  spectrum©l| Al § 1654, 163.7, 1619, 1466,
137.0, 132.3, 124.3, 119.2, 114.6, 112.4, 107.6 2 105.2¢]
Al 71€] benzene ringS 1% = AN, § 1863 B
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Fig. 2. HPLC profile of P glabrum extracts (1: sulochrin, 2: questin, 3: questinol, 5: 3-methyldesmethoxyyangonin, 6: hydrox-

ysulochrin).

182.60 et 5 7112] ketone carbonS BHlsle] o] sl5t
Eo] 5 709] benzene ringo] 2z} ketoneQ 2 AAE ] Q)
+ anthraquinoneZ| 29| SIRHEQS SIS & ATt A%
stal e #5719] f1xl= HMBCE S8To=2H 2483
T AR §y; 3.899014 LFERE methoxyl protonZt H-3 (8
6.81)%= C-4 (8. 163.7)2 correlationdte] ©] methoxyl”] =
4 Rl Agetal d5S IRIT = AATE & 2.380
A YERd methyl proton©] C-6 (5. 124.3) E C-8 (5.
119.2)3%} correlationdF= 2122 ©] methyl?]7} 7H £
AFstal ASS I + AUl o9} 2 dataE FE
I vt o] SMES ST 9 oY PAE HFFolA
Ba By vk YE questin®® 5435 cH”

3192 39 'H-NMR spectrume 3F3HE 20] 27137} v
- frAkste] o] skgtE S A anthraquinone 719 9] 3H3HE
Ps AT 5 UMk 2ol 3= 2004 e §
2.389] methyl signal®] AF2}R] 3L, Al § 4.57°14 hydro-
xymethylene proton signal®] singlet® 2 YERGTH= Holt,
%3 o] 33H=2] "C-NMR spectrum 4] 3HgHE 20] 2
A3 vl AR, xfo]H2 S5t 20014 UEREA] 28k
8 62.3914] hydroxymethylene signalo] YRt & &+
A 7 AAT WA o] S S19HE 29] methyl”]
7} Ak8}E]o] hydroxymethylene FE|Z EA312 S-S F
A AALh o9 dataE FH vlwste] o] ke
S 3 9 o PAE FollA 8 B bk e
questinoly) 2 18 5= It

313 4°] 'H-NMR spectrumellA] § 0.92 2 0.63904] 2
70l angular methyl”1 &, & 1.02, 0.90, 0.82 2 0.80%14 4
7N¢] secondary methyl”7]| & &R15te] o] &}gHE©| steroid
245 AYIL JSS g1 = AATh 3§ 5.18004
YER= olefine 452 Q13 steroid &242] side chainl]

o

olFATl S FHY & AUk o] dataE £

¥} vlwsle] sk 45 KRk S35 HAlE= ergosterol
2 s8I

3}3% 52 'H-NMR spectrum©l 4] § 7.65 2 7.420] A
Z}z} doublet (J = 7.8 Hz) 2.2 YEFE U] 7H¢] proton
signal 2 & 7.37914 triplet (J = 7.2 Hz)° 2 YEp}= shit
9] protons 131 ©] 3}3HE0] monosubstituted benzene
rings 7L 52 SIS = QURATE E7E § 7.34 B 7.03
oA J = 16 HzZ couplingdl= 5 719 signalZ trans©|%
Age] benzene ringdll AHsIL US F8E + AU,
8 6.76°14 signglet® & YER}= 3L}2] aromatic protonS
golste] o] slgHEo] styrylpyroneAl g2l B4US 4
T AR T3 5 3.93 oA g 7HE] methoxy”1E, & 1.83
ol 4] aromatic methyl”] S g<l&t3it}. o] 3HgHE2 Pc-
NMR spectrumol| 4] § 135.5, 129.5, 1292 = 127.6%14
monosubstituted benzene ringS, & 133.7 Z 120201 A
trans olefine 71, & 166.1, 163.7, 157.0, 133.7 2 97.59]
A1 a-pyrone ringS ER13}], o] s}5E0] styrylpyroneAlE
dS IRttt ]9 2 datas HIEOZ F95} Hlw
3le] o] SES Penicillium glabrumol|~ £2] ¥31¥ v}
)= 3-methyldesmethoxyyangonin®-& 54 3tit}.”

3192 69 'H-NMR spectrume 3F3HE 1] 2213} w)
£ fA¥ske] o] 33HE 9A] benzophenoneAl D] 3EHEY
S 1T F AATE ZolH - sRHE 190 § 215004
B}t aromatic methyl signal T4 § 4359 4] hydroxy-
methylene signale] WeRth= otk "C-NMR spectrum
T3 Sk 19 A vlg- FARISITE Apolil e shehe
6°lA= 3F3H= 19] aromatic methyl signal (5 21.8)°] A2}
A3, Al hydroxymethylene signal (8 62.3)°] LERSTH=
Aot o] datas FF I Hlwete] o] =0l
Aureobasidium spo¥ £2] ¥ 31E v} )= hydroxysulochrin

5 5 12
de AT 5 YA
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8] o] F3go] FEE2] HPLC profile 13 29} 7
o™, ergosterol(4)= A&t UM A 559 JHA=EES
retention timeS ZH7F IS 4= ek, FejE SFEE T
sulochrin(1),”" questin(2),14'l6) questinol(3)7)’17‘ls)% Penicillium
sp.2} Aspergillus sp.ollA] @] &2 HiE sigh=olH, 3-
methyldesmethoxyyangonin(5)= 417 oA &€ Ul
A P glabrum®] W F oA £a] 23w} ok e
hydroxysulochrin(6)19)% plant growth regulator2X] Aureo-
basidium spolA 2] B g v} 3o, B Aox= Z}
Ao F HARZ, Penicillium So0XE 2 Hils+< v}
ot}

4 =

sHAM P glabrumE #-2]5t] PDA iAol tigko =
HjFeh & HiE-S MEKE %, 1 FEE4 659 3}
ES FElEiiTt EElE SHEES spectral datas HMFE:
© 2 Z+Z} sulochrin(1), questin(2), questinol(3), ergosterol
(4), 3-methyldesmethoxyyangonin(5) 2 hydroxysulochrin(6)
o2 F43sAtE o5 S sulochrin(l), questin(2) %
questinol(3y Penicillium sp 2} Aspergillus sp X o] &
Xl AoE UEA 93, 3-methyldesmethoxyyangonin(5)
9 hydroxysulochrin(6)= & A-ollA] ZFAdA F HAZ
HEe S50, 53] hydroxysulochrin(6y Penicillium
oAM= Hg HilEEs sEe|th

AL A

TS 201095 S Al - A T AR AR €]
& o} =3E 5(2010-0023753)0]1 o] A=

Utk A8 nAE g5 2leiste g maE F
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