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Quest of protein tyrosine phosphatase 1B inhibitors from aquatic fungi collected in Aomori
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In the course of our studies on the bioactive metabolites of aquatic fungi, we have tested the inhibitory activity

on the culture broths of 21 fungal strains isolated from marine and freshwater (lake) environments against protein

tyrosine phosphatase (PTP) 1B, an important target enzyme for the treatment of type Il diabetes and obesity.

The ethyl acetate extracts from the culture broths of five fungal strains inhibited the PTP1B activity. Bioassay-

guided isolation from the extract of a marine-derived Trichoderma sp. strain TPU1239 yielded two known a-pyrone

derivatives, 6-[ (E)-hept-1-enyl]-a-pyrone (1) and 6-n-pentyl-a-pyrone (2) as PTP1B inhibitors. The structures of

1 and 2 were identified on the basis of their spectroscopic data. Compound 1 showed an inhibitory activity against
PTPI1B with an ICsy value of 32.4 uM. This is the first time to report the PTPI1B inhibitory activity for compounds
1 and 2. Moreover, compound 1 did not inhibit the cell proliferation of the human hepatoma Huh-7 cells. A

hepatocyte is one of the locations of PTP1B, and Huh-7 cells are used for the study on the mechanism of action for

PTPIB inhibitors.
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WZHIE LT 5. Lo, ABEROHERNZA » X
) HRBE 2 BURE R R I LT A AR OF
P — NIt EEZOLNTWS. VINETIS
300 FE¥H 7 2 5 RIKYHIK PTP1B FHEH ARG &
TV DS, IEETEOR S MRS & OFRPEIC
BWTlRETE2LEMBRNZEINTwirnZ &
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T, FAEH LS (1 7O PTPIB HEWE % KD,
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DARIRFEEREE VT AY ) —= v F 247 o 724
B ARRE & 0 78 L 72K IR Trichoderma sp.
TPU1239 #DOE:Z A 1 PTPIB BHEHRMEZ R
7ZZL7z EWEERBR IR Lot oo L
Z %, PTPIB BEHE% A % 6-[(E)-hept-lenyl]-
a-pyrone (1) & 6-n-pentyl-a-pyrone (2) % Hipf,
FE L7z (Fig ). AT, {LEW1BI020
Beag RS MEEB L OCHEWEEIC O W THE T 5.
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Fig. 1. Structures of compounds 1 and 2 produced by Trichoderma sp. TPU1239.



36 TH —B ik se i "Wz, B% F— Al k], BB Ek

TND 5 H T CTIRILL 72K & Pk 5 458 L 72
SEEL-RIREIZA 7 0 — A% B & L7 R
W2 &k B/INAr—)v (50 mL) OE:EXIT, Tt
b AUEE e R T OVHE 2 L TR F A A S
) == 747V LT PTPIB BEE M % 5Ff
L7, ZO#%, 21 kv 5 koSt >~ 7
(TPU1222, TPU1234, TPU1236, TPU1237 B L
TPU1239 #) 12 PTP1B & EMEZE R 72 L 7.

2 — 2. Trichoderma sp. TPU1239 #%Di5%E &

bSR3 D Bigk

A7) == 7T vt A28\ T PTPIB HES
W R LRI SR A S, HEFHEE R
ILEVWOHEED 729, 11X U2 TPU1239 #RoMET
24757, PDAEMH FICAT L HARHTF3E,
faF OB E L D, KEM%E Trichoderma &
ERE L7

PTP1B BHEG Y E 0 4 B Ol 7 K s 4 %
T 5720, FEBROFIZELHE L 72 4 EHO S
TEEXTo72. FHEADPLEHEDICENHEON
7 REARR OWERR = 7 VHHE Y 12> C PTPIB M
TG % APl L 7ok 3R, BokEEH (A & B) @
TSk e (e C & D) XD mWIEEEIRL
7o (Fig. 2). F7-, #EE®E (GHALC L)
e IRE (LB LD 2BV THRWIEEDE
WHNT IS, FMEB (BT HWzikE
I EERE) IZ X BREETHE O N R T Vi Y
(&, 10 ug/mL D& T 81%% PTP1B [ & i % %
w7z (Fig. 2). £2°C, &MhBEHWTHE%
TV, FHEEEE OB D72,
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Fig. 2. PTPI1B inhibitory activity of EtOAc extracts from
culture broths of strain TPU1239 obtained by four
culture conditions.

FEEROEBIZFLHE L 728 ), TPUL239 #R DR 4%
WAME L7z B R (24 L) % 25CC 1 HEMIE
EORREL, T M RBEEFERIFOVHIE LT
754.6 mg OFRfG IR Y & 1572, PTPIB [HE
EHEEZRIEIZCLTODS 1 7 48X VHPLCIZ L 5
SHEERATV, oS 2.24 mg OILEY A
&£ 021 mg DILEY 2 2 HEEL 72,

2—-3. k&% L 2DEE

L&A1 O EIMS I2BWT, B F A+ E—2
BN m/z=192 [M]TICEIl &7z, BC-NMR A X
J MV 12RO v skihsi, rIAav
T MEL Y ZAFVHED VKR ZVEDOELE
DR EN/. 72, IHNMR A7 MV TlE 16 1
GoTa sy TIPS S, AL
EW1 057 R % CH60, &P L7z, 'H-NMR
B I OHH COSY AXZ7 bV XY, AF) [6
091t (B3H, J=73 Hz)], 42D AFL ¥ [§ 134
m (2H),134m (2H),149m (2H),225q (2H, J=
73Hz)] BXU2o0sp2AF ¥ [§ 612 m
(1H), 665 dt (1H, /=73, 156 Hz)] ®»27% 50 H
S, RFE 7 E O A EIFING I 85 O AL D3RR
SNz, TOZEEEE, Ay TV TarAy
Y hrofE (166 Hz) &0, EfAEPELTZ. &5
12, 32D sp-AF 7 F I [ 616 m (1H),
620 m (1H), 748 dd (1H, =68, 92 Hz)] OfF1E
&, ENLD YT v 5Bl S 7z HMBC AHE
IV, a-¥u VROFEEL L O ARH &
ORPY HMER L. D Lo@irrs, Ibaw
D& % 6-[ (E)-hept-1-enyl]-a-pyrone (Fig. 1) &
g L7z, 2 O % Scifinder scholar THiZR L 72
FEA, 2007 12 Zhang H 12 & o THEERRE
Botrytis sp.OEE@E N S HEBES N /zF oy F—+F
HEWE Y LFELETHEI LDz,

fL&Ew 21 3MEW 1 L FEkO UV A7 bL
2725, Higo a-¥u ALEWTHLH L
Zzobhiz AbAEW2 O ELMS TlE, LA &
D26 mu/hEWGFAF Y E—=27D m/z=166
MYl E 70T, k&2 1+ %
CioHuO, EHERE L7z, MR 217 o 7248 8, 1L
AW 213 1972 4£ 12 Collins 512 &£ D R IKH
Trichoderma sp. O3 L V) HElk X 172 6-n-
pentyl-a-pyrone ¥ & A% L 7.
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MR L7z, AbA 113 1Cs fiE 324 uM T PTP1B
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Fig. 3. Structures of PTP1B inhibitors possessing an a-pyrone ring.

DOFEMEEHEL/. RLUERT, RP747ar
Fa—)b& L TH W7z oleanolic acid @ ICs, fH 1
L17uM Th o 72 fLEW2 bILEW 1 L %D
PTPIB BHE G Z /R L2AY, Ao NbEmED
Yhadpolzizd, ICHAXRBNT A2 ENTE R
molz. ALEW 1 B I OMLEW 2 53 PTPIB FHES
MEETLIEEZRWZ LD, ARG
TTH5A.

F 72, L&Y 1 OMIEEE 57 & 5FAM L 7245 R,
Jurkat M3 L Tl 50 uM T & M 324 12 52
%52 drol. 512, PTPIB O AAEH AT
TH 5B 2EEzRE T2 HHT, 1k
EW1 o PSS A Huh-7 o3 5 8 %
FE L 72, ZoREE, ALEW11E50uM I2B T
b Huh-7 Mg IC B2 7R & 22 Ao 72, Huh-7 #ifg
\& PTP1B BHEHI O EH EFEBIFERE O EBIICFIH S
TWAMTHLDOT, ZOMIBIZEEE RS2
WZ EiE, LAWY 1 OEVER B O I A R
ThHb.

a-¥OrEEAETHPTPIBHEWZ LTl
N F TIZ, Helaly 5 ® Hohmann 512 & » T
gombapyrone #H (100 uM T 22-39%[HE) & &
albidopyrone (IC5=494.2uM) 9 23 ST\ b
(Fig. 3) 7%, FHEGHEIZVFNRLIEFICH. o
5OILAEPNIIBFHIC N Y ¥ UV BRRP L HO ZEiG A
D, ALEWA LALEW 2 ORE L LT 5 &
HISE &GO R S OMBICEEDS L - b, 22T
Stk RITSHORFZERD RS a0 VFEER%E
L L C PTPIBUEMEZ T A5 2 12X, ffE
—IHEAHBIC O W THRE L T PETH 5.

3. KEROE
3—1. fERAME
EIMS ofllE1d JMS-MS 700 (JEOL) Ti7o7z.

#AE NMR Ol 52 1% JNM-AL-400 (JEOL) % fifi
L, #1212 CD;OD (ACROS) # Hv:7z. HPLC
1& CCPM-II SD-8022 (3R —) 3 £ 0°L-6200 (H
i) EEM L7z, UV ORllEIZIE U-3310 (HAZ)
A LAVAS

3—2. & ¥

v MHAEZ PTPIB I Enzo L VAL 7. p
— b7z V) YEIEF Y v 4 (pNPP) 12
Sigam-Ardrich £ D i A L 7. Potato dextrose
agar (PDA) BXUMHI*+AIBD L), TVE
FAGET YT — K7 v FAVAT 7R &
LVBALZ REBRTHWILAREES L UZ
DABDALFFRIE I IFDEHEEE D A L 72

3—3. ¥& i

SrBEH 7L — MIX PDA 12 005% 1 — XXV IV
£ 001%7 <A reBMLIR, HEDOT T A
F v 7T — VIZHELCTIER L7, BRAF R
21X LCA 54 (0.10% glucose, 0.080%
KH,PO,, 0.020% K,HPO,, 0.020% MgSO,-7H,0,
0.020% KCI, 0.20% NaNOs;, 0.020% MEREL F A,
15% agar, pH 60) % w7z, RIREOE#ED -
O OFERH (2.0% glucose, 0.50% polypeptone,
0.20% f#bE—F A, 0.10% KH,PO,, 0.050% MgSO,
7H,0, 0.1% agar, pH 6.0) B X UHEERH# (3.0%
glucose, 3.0% soluble starch, 1.0% malt extract,
03% T4 A§E, 010% KH,PO, 0.050% MgSO,-
7H,0, 0.10% agar, pH 6.0) (ZEKF 7213 KKK
T L, A— M7 L —T7THEL.

3—4. B %

HHREOCOWND 4 7 (RO, R
O, Ko RBE, FHIRE) TilifK 2 BRI
L7z, 7, MHNOREECHRKZ R #RE
L7z B 208 7L — MIc&Ai L, 256C 1
HEREE L 2BICHBE L ou=—28E L TH
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W HAZERAE L7z, 5 I T OKREE D5 21 RO %
R % 8L 72 AR 72550 TPU1239
FRIE S IR E CERILL 723K 20 & 53 dE L 724k T, 45
e L — b B SN H R L BT ORI 5
X U Trichodermalg &[5 L 7.
3—-5. & &
BERLCA 25 >~ FCT2HM (25T, BT B
#UMh, BECHRE LKL T L7, fiEsE
BXUOAkEREEIZIE, UWT0o4o05%8 (A-D)
LAY
(5 A) BEKTHE L -1 50 mL % 100 mL
H=EMT7 T AT AN, BREHLCA A5
YL —HEHEZMEL, 25CT3HMH
ke 9 (150 rpm) L CREREEEZ 1T 72,
ZOMERFE 2 mL % B/K TR L 724
e 200 mL % AAL72 500 mL &=/ 7 5
A ZZHEW L, 25° CCTl4 HM, EiES
(G APV
(St B) S A L FEMEOFERE2E & R A~ O Fil
WAEIT\w, 25CCT7HM, REHHEL
1o7-.
(Gt C) KRR THSL L 7-F8 #h & A pERT Hh %
vy, St A LRROBEEZ T 72
(%t D) RINMEIK THIEL L 72 FERG M & AR b %
v, & B LR #ZITo 72
A7) == 7T v AN 21 RO SRIKE
DOEFFWNL, AKX VR 72, Lo
ZERNSEIR L 725000 TPU1239 BRI, $-XT %
FHEMA-DICX M 2TV, RO BWIHEE
N L 7oBE RS B RALAE WA E RN L 7.
3—6. TPUIIHDITEELILEM1 & 2 DEEE
BR TR L 7o 380 2 500 mL =7 7 A
J124& 24L) ICHEL, 7THRIERE YEEELL
%, 24L 07 b ¥ &INZ T 30 4 M O E AL
L7z, IhEEBEL, BROT b2 AHEE,
BoENTKERE 24 L $OOFEE = F )V C 3 [aldh
L7z FERR = T OV iR & K RlR - N ) v A
THZME L, JEREAE L CHANEY 7546 mg %1572,
M AR D ED 30% A 5 ) — ) —IKIZER
LTODSH T4 (38g) ICESHE, 2F /=)
-7k (30, 50, 70, 100% A % / —), % 120 mL)
TEBIICER Lz LEW1 L 212100% % ¥
J = VTHEH SR, OB FEMETZE LT 1395
mg DEIMIRIE #1572, e A%/ — )2 50
mg/mL ORE THER L, FHHPLC (77 A4,

PEGASIL ODS 10x250 mm : #&jtH, 70% * ¥
J = VKRG e, 2.0 mL/min ; MiH, UV at
220 nm) * AWV CREOmROMLEY 1 (224 mg)
£ 2 (021 mg) ZHEELZ. fbEW1 L2320
U HPLC TENZEFN 2390 & 14 312 L7,

6-[ (E)-Hept-1-enyll-a-pyrone (1) 'H-NMR (400
MHz, in CD;0D) 6:091 (3H, t, /=73 Hz), 1.34
(2H,m), 134 (2H, m),149 (2H, m),225 (2H,q, J=
73 Hz), 612 (1H, m), 616 (1H, m), 620 (1H, m),
665 (1H,dt, J=7.3,156 Hz), 748 (1H,dd, J=638, 92
Hz). BC-NMR (100 MHz, in CDsOD) &: 14.3, 235,
295, 32.7, 337, 1049, 114.2, 1230, 1405, 1466, 161.1
164.3. UV A e (CH;0H) nm (¢ ):201 (17150), 227
(12100), 328 (3350). EI-MS m/z: 192 [M]*.

6-n-Pentyl-a-pyrone (2) UV A o (CH;OH) nm
(e):201 (11000), 226 (7040), 300 (5300). EI-MS
m/z: 166 [M]*.

3—7. PTPIB BHEFEMHAER Y

7 T RIEREE T (pH 6.0) (ZiAf# L 72 PTP1B
%96 X7 L — 1+ (Corning #1:) 12 100 uL 2455 1E
L, FBEEICREL-EHBILEWD 2y ) — Vi
Wiw 2ul §¥ohA T37CTI0 7 HEELZ. &
2, 7 T UBRIERRE W (pH 6.0) (2% L 72 pNPP
% 100 uL 323 L, 37C T 30 4 M F & L 722,
10 M NaOH % 10 uL 92/ 2 72. pNPP O 1) ~
FEALIZ £ 2 38t OWLEE % 405 nm O Tl
L, BERIEMLE L7

3—8. MlRsEMRER MTT 7vyta) ©

1x10° cells/mL (ZFA#L L 72 Jurkat i % 100 uL
FTOMELZ96 R TL— M, REBILEY (R
TR 005-50uM) % 1ul ¥2%L, 37C T 48
e 72, kW, 55 mg/mL ® MTT 33
(Thiazolyl bule tetrazolium bromide % 5.5 mg/mL
|2 PBS THBAEME, 022 mm D7 1)V 5 —
(Corninng 1) TyEBEIKE) % 10ul $2@IMML T
37C T AWFEEFE L 72 f, MIAERE (40% N, N-
dimethylfolmamide, 20% sodium dodecyl sulfate,
2% CH;COOH, 0.03% HCl OH#LED b 0 % A5 HK T
L) &2 90ul $OMA T 1 REHIRE 9 L
7z MR AEAEERIE, 550 nm O WL MTP-500
(Corona ft) ZHWCHIEL/fEL )BT L7,

3—9. HHEEMHER (WST-1 7y +&1) 7

Huh-7 fifE (1x10* cells/well) % 96 /X 7L — bk
2R L, 37CCT—MisssE Lok, RBfbaw
(RABEESOuM) ZiRML7:. Z2OTL— b %



TR CHAE L 72 KBH SRR E 20 5 @ protein tyrosine phosphatase 1B FHEH D 39

37CTABIERI A » F 2 _— } L7, WST-1iK
(05 mM @ WST-1 ## & 0.02 mM @ 1-methoxy-5-
methylphenazinium methylsulfate) % %7 = VIR
mL, 37CTI1MMIEERLZ. &7 2 VORILE
(438 nm) % SH-1200 Microplate Reader (Corona
) THlE L, MilAEFREEREH L.

BB KW —ERIL, BB E B 4
FHFWge (B) (No. 25870660) 3 & OSFEIZE A HA
LEMRER O 2T Tirb Lz, HEoisx
1o T2 R h el it v ¥ — OEEE
—IK, BMAREZI, Kitseo—ixmih L Tz
PR REE A OB HBINK, SRR,
EAG A RICHE L 9.
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