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Study on the secondary metabolites of polar region-derived
fungus Geomyces pannorum SA3-2-YM
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Abstract ; By means of various kinds of column chromatography and semi-preparative high performance liquid chromatography
(SP-HPLC) , thirteen compounds were obtained from the fermentation of polar region-derived fungus Geomyces pannorum
(SA3-2-YM). Their structures were identified as cyclo-( L-Trp-L-Pro) (1), cyclo-( L-Trp-L-Tyr) (2), cyclo-( Gly-L-Trp)
(3),cyclo-( L-Trp-L-Phe) (4) ,cyclo-( L-Trp-L-Ser) (5),cyclo-( L-Tyr-L-Pro) (6) ,cyclo-( L-Trp-L-1le) (7) ,cyclo-( D-
Ala-D-Trp) (8) ,ergosterol (9), (22E)-5a,8a-epidioxyergosta-6 ,22-dien-38-0l (10) , anicequol (11) ,indazole (12),p-
hydroxybenzaldehyde (13) on the basis of NMR and MS spectroscopic data. Compounds 1-9,11-13 were isolated from the ge-
nus Geomyces for the first time. The antimicrobial activities showed that compound 9 showed weak antibacterial activities a-
gainst Escherichia coli,Staphylococcus aureus and Bacillus subtilis with minimum inhibitory concentration (MIC) value of 90
pg/mL , respectively. The cytotoxic activities against four tumor cell lines of 13 compounds were evaluated by cell counting
kit-8 (CCK-8) assay, compounds 1-13 showed different degrees of inhibitory activities against HeLa, HepG2, MCF-7 and
SMMC-7721. Among them, the inhibition rates of cyclodipeptide compound 8 against HeLa and compound 10 containing per-
oxy group against SMMC-7721 were 62.28% and 68. 13% ,respectively.
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JRIWEA 25 W L # Geomyces pannorum SA3-2-YM K R ACH F= 49 (5T 49

P SRR R G B R A KA S R R — 2 Y
SR, WFIE B TERT AN b G A ) O AR 7 W i F 5
W FE, BT AR Z2 SRR L AR W R R 1 Ak A
Y, Hh2 75 R FL T VBV ELIE , & A H UL L
SR, X b 22 % J 0 T I AR ™y Y 0T 5l
wb Shit' Lt A Li 25 4 Bt B Geomyces
auratus ,Geomyces sp. 3-1 Fll Geomyces sp. BIALF %43
HEFT TS, T4l i IR AR A SR ik A
RS AR M R AT A= 0 5, R 2EA B 2
JfLRE AT A A AR WS . TERT I IS, T
T A B — AR A B (1% b 22 55 & L TR Geomvyces pannorum
SA3-2-YM HAG PRSI0 B 175 4 , BIOAR SO ik
11 T WRGARET= YW 5, 380 0 R SN0 B A A0 L 27
SR AT A TR
1 (X5
1.1 SRIgUER
XY-SYG-14 fa /K i (B0 U R A

R T]) 5 3 2 He 28 VKB i (b i P sl A fR
A H]) 5 VS-1300u B TAE G (RIS AT R 2
) s ZQZY-C it 4k 5 15 A A (3 B A AR A R
23) 5B HL(HITACHI A W] ) s EYELA Jig 5% 78 & X
(Rt B e popk s 2 412 ) ) s BSC-130011B2 A= 4
AR (b R BT AE AL RS R A BR A WD)
KQ-2501 A i vk e ( B 1L 75 A A8 AT FR AT 5
BT125D Hi 1K ( Sartorius 23y &) ) ;96 L4 ( Thermo
Scientific H1 [E 4 FR 2y @] ) ; SpectraMAX M2 [ 5 {3
( 2 [ Molecular Devices G [R /&) ; Waters 1525 ¥
HHE TS AL (Empower T ufi, £ 1 #% 996 %Y PAD,
Waters 2 5 ) ; YMC-Pack ODS ( C ) il £ 4£ (10
mm X 250 mm, 10 pm, H A YMC /A #] )., Bruker
AM-400 8% AV-600 1% AR (2 E Bruker A H]) ;
Finnigan MAT-95 Jfi i % (% [ Finnigan 2\ &) ) ;
LCQ-Deca Jii %1% ( 2€ [ Thermo fisher scientific 7%
Al o

1 Geomyces pannorum SA3-2-YM 7E PDA 1ZFE FHEKES
Fig. 1 The strain morphology of Geomyces pannorum SA3-2-YM on PDA medium
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PO T PEAE 25 3 KIGAT R ( Escherichia coli) |
4B 10,75 2 BR I ( Staphylococcus aureus ) | il ¥ ZE A1
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( BB AR A RA ) ;8% &R (Aladdin 22
Al) s WER 9% vh R % W (Jb 5T Solarbio B} 47 47 BR 24
A]) ; CCK-8 ( I3 Foc YR A R A D) 5 4
( B A TARA R  Hp b0 by F 254
VA Ak 2230 A R B B e A 3R A B A
Pl

PRI A3 SR BE A CR AT AR IR 5 % 0 < %
W20 g, DAL I 10 g, B A R: 7R 5w 55 41
INAZNE 13 g, 7%1#87K 1 000 mL, 115 °C = 287K
30 min,

MR GPY ¥R Jk: AT 15 95 58 A % B 100 g/
L, B30 o/ L, BERRR 7 o/ L, KSHFREE 0.5 o/
L,KH,PO, 1 g/L, &8 7K 100 mL,115 °C & JE#K A
KB 30 min,

KRG IR R SO o/ L, H K 30 o/ L, W)
¥ 7 o/L,KEHEEEE0.5 ¢/L,KH,PO, 1 o/L, 7444
7K 600 mL,115 °C 5 EZE5 K E 30 min,

2 EWHE
2.1 HEHMEREER

FiF-55 5% DR Rbim 5 22 55 E B E H 2 mL KR
ZRIBKUE T, FH A W 25 0 TR B B P T35 4 100
mL Fp 3532519 250 mL PARHEIE R, 78 28 °C,
180 rpm [ 5514, Pk 1597 2 K.

b I B DT 8 SR WA 5 % (A A
THA 600 mL K BEFIFREFRALN 2 LR, 78
20 °C,180 rpm 4N, R R 10 K, HLEEE
60 L,

2.2 HEHRAEYHEIE

KSR ¥ R TR /)2 20 A il A5 3 TR
YRR . BIRER 3 I A SRR LR O FR AR IR
3 AIFCTR CBEH, W R 40 J5 A5 MR B 5 TR 22
AR A FH Y IS 42 3 75 4 B (3 ¥k, 30 min/ iR ) , 2b
Ay, W e 4615 2K , TR AER TN 2 R 4 B
A EA VA TCE W SR 5 AR . i
XiF FE BETRCS TE AR BRI B TLC )2 (0% 1K )5 & B
P R AR — 34, BB 1 PR 4 iR IR 4
20 g
2.3 BEHRREREFUHHE

W K WA B (R Y 2 R BRI 2 M AE R &
fiz-7K (0% .20% 40% .60% .80% 95% .100% ,V/
V) BREEVERG, 153 7 AN (A ~G)

C(590 mg) BcZeist ODS L AE E AT, SR Y -
K (10% 20% 40% 50% .60% .80% .100% ,V/V)

BEEVEN 153 17 A4 50 (C1 ~C17), C2 Behirihy
A R b AU, 23 ) A I BEAN SRR R AR Tt
K132 G 6(4.0 mg) o C3 Beztid IEAHGE B AE
JEHT, R S - B (400 1,30 1,20: 1,10 1,
V/V)BREE VRN, 153 4 4~2 47 (C3a ~ C3d) , C3c
B B E AT, R A s F B =10 13E M,
1FEMEA Y 3(1.0 mg) . C3d BeZeid HPLC il 5515
FMLEY 5(1.3 mg) . C4 BeZad 2 #5 Fi Seph-
adex LH-20 B¢ AL 2753 2L 59 8 (1.0 mg),
C7c B i 1E AR AE AT 2 A, R T — Gl P Jo- 1Y e
(100:1.80: 1.,40: 1.,20: 1) 1y LU HEAT U , e 45
2T 34HI(CTa~CTc), Hrp CTb Begiad 21 il
A RO 55 A B A 1(9.3 mg) o

D(212 mg) BtZead ODS R A )2 4T , R FH Y -
K (20% 40% .50% .60% 80% .100% ,V/V ) K JiF
BEE A3 11 A48 (DL ~ D11, D2 Br it )2
il & F1 Sephadex LH-20 i #t 2 #115 216 5 4 13
(4.0 mg) , D5 Br2tid i#)2 il %5 A1 Sephadex LH-20
BERAE 2T B85 7 (2.0 mg) . D6 BeZiid
Sephadex LH-20 AL ZHT , >R ] S W ke I =
1 TP, 158016 54 4(3.0 mg) .

E(112 mg) Bt 2 ik tEAHRE BEAE )2 B, 2R HI &
B goe: BEIE(40: 1 .30:1.20:1.10:1.5:1.3:1,V/V)
1 LA AT R E R, 15 3] T 4 N4 (E1 ~E4)
Hop B3 Beggak il 4 HPLC J5 5854 2(2.7
mg) o

F(178 mg) &5k ODS REfE A 2 M7, R F H -7k
(50% 60% 80% 100% ,V/V ) BHELEL, 58] 7 4~
Hor(F1 ~F7), FI Begead IEAHRE B AE E A, R
k- Mg (10:1.8:1.5:1.3:1.2:1.1:1,V/
V) BEEEUEN , 155 4 458 (Fla ~Fle) . F1b B2t
i BEME Sephadex LH-20 A% )Z Hr, & F W B i, 15
FfAW12(1.0 mg) . F5 238 IEAHAE AL JZ AT,
133] 5 N> (F5-1 ~F5-5) , FSa 53 BEE Sepha-
dex LH-20 #1247, >R HI HH B e B, 153 2465 9 11
(3.0 mg),

G (375 mg) Bt it ODS RERAEZHT, % FH Y -
7K (40% 50% .60% .70% .80% .90% .100% ,V/V')
FEFEVEI 1538 6 24153 (Gl ~G6) . G5 Bt it ik
AHRERCAE ZAT , >R FH AT k- A R (25 1,200 11521,
10:1.5: 1, V/V) BB, 155 9 4475 (GSa ~
G5i) , G5g Bt 1d Sephadex LH-20 #E AL EHT, K
AW e HEE =12 10E, 44 24659 10 (5. 3



Vol. 33

JEBETE 55 A Hh BB Geomyces pannorum SA3-2-YM IR GLAR =4 (A 5% 51

mg) ., GO Bt £ b IE A A AT JZ AT, 15 8 5 N4
(G6a ~Gbe) , Gbc B2t it Sephadex LH-20 % it £+
AT R @ e O =1 T3, 15 34k 5 4 9
(1.0 mg),
2.4 HEEMS

e FH Rk BL PR 3 i e 1 I B Ak B W 4
GRS PE , BRI
2.4.1 Bl A Sk SR e b &

WA ot FH PP s e, BC TR AR 1 mg/ mL 9 i 25
R
2.4.2  ZREMEER

TEAE W 2 A A R A T Hh A h P TS
PERE R B IR MR AG IR 100 L, A 81 357 fif 15 o 1)
KEEFRR IR T, & FHEIRREIR, 37
C,200 rpm, #7735 5% 6 ~ 8 h 5, IR AR il 4
FHIR BRI TR 100 L B H A 10 mL B
fief P ) TR R TR 8 R R A T Ak 2 G R
MR GRS NTE 0.6 ~0. 8 JEFE NI, IR WA K
HP PRIV 2 S I AT B 1 7 7 TR 1 B 3 R, o LA
1 000 5 J5 45 H1 .
2.4.3 HRBAR

BUK 5 & F 96 FLAR , A AR 43 501 W B
200 L FY 20 B 85 SRR 20 L A 258 — 1L
HIRAT, AL A 110 pl 28 (i3t S
— AL 110 WL A A BN 55 — AL TR ),
FEES AL 110 L (iR A ZI56 3 fLZ
o BRI A T i, — B4 8 fL, R E
WAR M 8 FLrP IR 110 pl AR IR B BT 4 1%
DL EEAEZ G, A 1 FLENEE 8 FL, B S vk i 43
247 90 45 22.5 11.25 5. 625+ pg/mL, 9K 5 ¥
BEUF Y 96 FLAR , K H /N CE T A S L A
35 °CHYARAMET BEE 16 ~20 h, 7ESC 8 i B 2
IV IR B R AN S B2 3 iR
2.5 HpEiEE

PASRAL A YR F CCK-8 1 HE 17 41 i 75 1% P U
W B ERE T

FHIBR RS 35 T2 4 B A0 T B0 E K A A AL T
K, M An s in A 96 FLAR R 3EHR b Y2
MBI SE 2 5 000 A/ mL, R 5 A/ N Ol T
MRIEFEFE T 76 37 °C,5% CO, WRER AT, Hi g
24 h,

FEIC TS AR A (20 g/ mL) FHAS AR
HU10 pL A E) 96 fLAR B A /N Lol T e R

FAE T 48 h, RS F B AT W H 10 pl Y
CCK-8 WM P37 35 5% 30 min , iz J5 AR
AE 450 nm Zb I SERE

THERE T el 20 B A A B R, B R =
(X HRZH OD {8 - JinkEZH OD {) /(X Bi2H OD fH -
23 F12H OD fH) x 100% , 10 55 523 50
3 ZWHER
3.1 UEHMEHETE

EWM1 wEkhR, HETED; 7.0
H,,N,0,;ESI-MS:m/z 284 [M + H] *,567 [2M +
H]*;'H NMR(400 MHz,CDCL,)8:8.37(1H, brs, H-
1),7.59(1H,d,J =8.0 Hz,H4),7.38(1H,d,J =
8.0 Hz,H-7),7.23(1H,t,J =7.5 Hz, H6) ,7. 14
(1H,t,J =7.5 Hz,H-5),7.10(1H,s,H-=2),5.80
(1H,brs,H-14) ,4.36 (1H, m, H-12) ,4.05 (1H,t,J
=6.9 Hz,H9),3.77(1H,dd,J =15.1,3.5 Hz, H-
8a),3.63 (1H, m, H-15a),3.58 (1H, m, H-15b) ,
2.98(1H,dd,J=15.1,10.8 Hz,H-8b),2.30 (1H,
m,H-17a),1.99 (1H, m, H-17b),1.92 (1H, m, H-
16a),1.89 (1H, m, H-16b) ;" C NMR ( 100 MHz,
CDCl,) 8:169.5 (C-13),165.7 (C-10) , 136. 8 ( C-
7a),126.8(C-3a),123.5(C-2),122.9(C-6),120. 1
(C-5),118.6(C4),111.7(C-7),110.0(C-3),59.3
(C-9),54.7(C-12) ,45.6(C-15),28.4(C-17) ,27.0
(C-8),22.7(C-16) . LA b % 5 3Ciik ™! 2 1 He A
— 3OS E A A YA eyclo-(L-Trp-L-Pro) ,

wEWm2 HEHR, SHETHE;1X:Cy
H,,N,0,; ESI-MS: m/z 350 [M + H]*, 348 [ M-
H];'H NMR (400 MHz,CD,0D)§:7.58(1H,d,J =
8.0 Hz,H4),7.33(1H,d,J =8.0 Hz,H-7) ,7. 14 ~
7.09(1H,m,H-6),7.09 ~7.03(1H, m,H-5),7.02
(1H,s,H=2),6.61 (2H,d,J =8.5 Hz, H-18,20),
6.45(2H,d,J=8.5 Hz,H-17,21) ,4. 18 ~4. 13(1H,
m,H-9),3.87 ~3.82(1H,m,H-12) ,3.03(1H,dd,J
=14.5,4.1 Hz,H-8a),2.75(1H,dd,J =14.5,5.9
Hz,H-8b),2.55(1H,dd,J =13.6,3.9 Hz,H-15a),
1.44(1H,dd, J =13.6,8.5 Hz, H-15b);"” C NMR
(100 MHz,CD,0D) §:169.7(C-13),169.3(C-10),
157.6(C-19),138.0 (C-7a), 132.0 ( C-17,21),
128.9(C-3a),127.6(C-16) ,125.8(C-2),122.6( C-
6),120.2(C-5),119.9(C4),116.3 (C-18,20),
112.5(C-7),109.6(C-3) ,57.9(C-12),57.1(C9) ,
40.6(C-15),31.2(C8) . LA I %de 5 Sck'® #iz i
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FAR—F, W EZAE YN eyclo-(L-Trp-L-Tyr) .

1‘[.'.'1%%3 ‘7&&'\:@@12'&;%%:3&:(:131{131\1302;
ESI-MS:m/z 244 [M + H]",487 [2M + H] ";'H
NMR (600 MHz, DMSO-d, ) §:10.92 (1H,s,1-NH) ,
8.09 (1H,s, 14-NH),7.75 (1H, s, 11-NH) , 7. 54
(1H,d,J=8.0 Hz,H4),7.32(1H,d,J =8. 0 Hz,H-
7),7.06(1H,d,J =2.5 Hz,H2),7.04(1H,d, ] =
7.0 Hz,H-6),6.95(1H,t,J =7.0 Hz, H-5) ,4.01
(1H,m,H-9),3.23(2H, m,H-12),3.01 (1H,dd, J
=14.5,4.6 Hz,H-8a) ,2.79(1H,d,J =17.2 Hz, H-
12b) ;" C NMR (150 MHz, DMSO-d, ) §: 167.9 ( C-
13),165.7 (C-10),135.9 (C-7a), 127.5 (C-3a),
124.6(C-2),120.9(C-6),118.7(C4),118.4(C-
5),111.2(C-7),108.4(C-3),55.4(C-9) ,43.9(C-
12),29.2(C-8) . DA b %4 5 3wk il 2 A —
B, USRI B WA eyclo-(Gly-L-Trp)

LEW4 HEmK; 55X CyyHEN,0,;ESI-
MS:.m/z334 [M+H]*,667 [2M + H] *;'H NMR
(600 MHz, DMSO-d, ) §:10.90 (1H, s, H-1),7.91
(1H,d,J =2.1 Hz,H-14),7.70(1H,d,J =2. 8 Hz,
H-11),7.48(1H,d,J =8.0 Hz,H-3a),7.32(1H,d,
J=8.0 Hz,H-6),7.17(1H, m,H-19) ,7. 16 (2H,m,
H-17,21),7.07(1H,t,J =7.5 Hz,H-5) ,6.98 (1H,
t,J=7.4 Hz,H4) ,6.96(1H,d,J =2.3 Hz,H-2),
6.72 ~6.69(2H, m,H-18,20),3.85(1H,s,H-12),
2.80(1H,dd,J=14.5,4.5 Hz,H-8a) ,2.53(1H,d,J
=5.9 Hz,H-8b) ,2.45(1H,dd,J =13.5,4.7 Hz, H-
15a),1.85(1H,dd, J =13.4,7.1 Hz, H-15b) ;" C
NMR ( 150 MHz, DMSO-d, ) §:166. 8 ( C-10) , 166. 2
(C-13),136.5(C-16),136.0(C-7a),129.7 (C-18,
20),128.0(C-17,21),127.5(C-7),126.4(C-19)
124.4(C-5),120.9(C-2),118.7(C4),118.4(C-
3a),111.3(C-6),108.8(C-3),55.6(C-12),55.3
(C9),39.8(C-15),29.7(C-8)., LI ¥ 5
kRO A — B, M B A N eyelo-( L-
Trp-L-Phe) ,

LEWMS REOHK, HETHE; 571X
C,,HN,0,;ESI-MS:m/z 274 [M +H] ", 272 [ M-
H] ;'H NMR (400 MHz,CD,0D)§:7.60(1H,d,J =
8.0 Hz,H4),7.34(1H,d,J =8.0 Hz,H-7),7.10
(1H,s,H2),7.07(1H,dd,J =8.1,1.1 Hz,H6) ,
7.00(1H,td,J=7.5,1.1 Hz,H-5) ,4.21 (1H,ddd, J
=7.0,4.1,1.2 Hz,H9) ,3.81 (1H,ddd, J =5.9,

3.3,1.1 Hz,H-12),3.38(1H,m,H-15a) ,3.34(1H,
d,J=4.0 Hz,H-8a) ,3.31(1H,m,H-8b) ,2. 87(1H,
m,H-15b) ;”C NMR (100 MHz,CD,0D)§:170.2( C-
13),168.1 (C-10),138.0 (C-7a),128.9 (C-3a),
125.4(C-2),122.5(C-6),120.1(C4),119.7(C-
5),112.3(C-7),109.9(C-3) ,64.7(C-15) ,58. 8(C-
9),57.5(C-12),31.9(C-8) o LA_b-%di5 30wk 42
HERA — 2, ik EZ b &Y R eyclo-( L-Trp-L-
Ser) .,

LEme TEHMAK, LT A0 51
C,,H,N,0,; ESI-MS:m/z 261 [M + H]*;'H NMR
(400 MHz,CDCl,)5:7.05(2H,d,J =8.4 Hz,H-5",
H9'),6.78 (2H,d,J = 8.4 Hz, H6',H-8"),5.83
(1H,s,N-H),4.21 (1H,dd, J =10.1,2.6 Hz, H-
2'),4.09(1H,t,J=7.2 Hz,H-2),3.66 ~3.53(2H,
m,H-5),3.48(2H,dd,J=14.5,4.0 Hz,H-3") ,2.76
(1H,dd,J=14.6,10.1 Hz,H-3") ,2.31 ~2.37(1H,
m,H-3a),2.03 ~1.98 (1H, m,H-3b),1.98 ~ 1. 81
(2H,m,H4);"C NMR (100 MHz, CDCl,)8:169. 6
(C-1),165.1(C-1"),155.5(C-7"),130.2(C-5", C-
9'),126.9(C4"),116.1(C-6",C-8"),59.1(C=2),
56.2(C-2"),45.4(C-5),35.9(C-3"),28.3(C-3),
22.4(C4) . VL EFROE 5 ekt i Rk — 3, ik
BeEZA G H eyclo-( L-Tyr-L-Pro)

'LK'}%%7 7&&3@%*;%%5&:(:171'1211\]302;
ESI-MS:m/z 300 [M +H]*,599 [2M + H] *;'H
NMR (600 MHz, DMSO-d, ) 8:10.84 (1H, s, H-1),
7.99(1H,s,H-13),7.83(1H,s,H-10) ,7.59(1H,d,
J=8.0 Hz,H4),7.28 (1H,d,J =8.0 Hz, H-7),
7.05(1H,d,J=2.3 Hz,H-2),7.03 ~6.99 (1H, m,
H-6),6.95 ~6.90 (1H,m,H-5),4.16 ~4. 13 (1H,
m,H-9),3.53 ~3.50(1H, m,H-12) ,3.24(1H,dd, J
=14.4,4.6 Hz,H-8),3.04 (1H,dd, J = 14.4,4.6
Hz,H-8),1.29 (1H,d,J =8.6 Hz, H-15),0.55 ~
0.52(1H,m,H-16) ,0.49(3H,d,J =7.0 Hz,H-18),
0.47 ~0.43(3H,m,H-17),0.41 ~0.38(1H, m, H-
16) ;°C NMR (150 MHz,DMSO-d, )§:167.2(C-11),
166.2(C-14),136.0 ( C-7a),128.0 (C-3a), 124.6
(C2),120.6(C-6),119.0 (C4),118.2(C-5),
110.9(C-7),108.8(C-3),58.9(C-12),55.2(C9),
37.9(C-15),28.5(C-8),22.9(C-16) ,14.4(C-17) ,
11.6(C-18) o LA F-%iedis 53¢k 4 1 3 A — 2k, i
WE I EY N eyclo-( L-Trp-L-1le)
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wEWS HEMmK, HETHE; »+FX:C,
H, N,0,; ESI-MS:m/z 258 [M + H]",302 [ M +
HCOO] ,"H NMR (600 MHz,CD,0D)§:7.60(1H,d,
J=7.9 Hz,H4),7.32(1H,d,J =8.2 Hz, H-7),
7.10 ~7.04(m,2H,H-2,6),7.00(1H,ddd,J =8.0,
7.0,0.9 Hz,H-5),4.27(1H,td,J =4.2,1.3 Hz, H-
9),3.70(1H,qd,J =7.0,1.2 Hz,H-12) ,3. 46 (1H,
dd,J=14.7,3.8 Hz,H-8b) ,3. 14(1H,dd,J =14.7,
4.5 Hz,H-8a),0.36(3H,d,J =7.1 Hz,H-15);"C
NMR (150 MHz,CD,0D)§:170.6(C-11),169.5( C-
14),137.8 (C-7a), 129.2 (C-3a), 125.8 (C-2),
122.5(C-6),120.1(C4),120.0(C-5),112.0(C-
7),109.3(C-3),57.5(C-9),51.7(C-12),30. 8(C-
8),20.0(C-15), LI b5 Scikt ™ )il A —
BBz E YN cyclo-(D-Ala-D-Trp) o

HEWMY HEBR, 5 TE ;57 Cy
H,, 0; ESI-MS:m/z 397 [M + H]";'H NMR (400
MHz,CDCl,)68:8.37 (1H,brs,H-1),7. 10(1H, s, H-
2),7.59(1H,d,J =7.9 Hz,H4),7.14(1H,t,] =
7.5 Hz,H-5),7.23 (1H,t,J =7.2 Hz,H-6),7.38
(1H,d,J=8.1Hz,H-7) ,3.77(1H,dd,J =15.1,3.5
Hz,H-8a),2.98(1H,dd,J =15.1,10.8 Hz,H-8b),
4.36(1H,m,H-9) ,5.80(1H, brs, H-10) ,4. 05 (1H,
t,] =6.9 Hz, H-12),2.30 (1H, m, H-13a), 1. 99
(1H,m,H-13b) ,1.92(1H,m,H-14a) ,1. 89 (1H,m,
H-14b),3.63 (1H, m, H-15a), 3.58 ( 1H, m, H-
15b) ;" C NMR (100 MHz, CDCl,)8:169.5(C-11),
165.7(C-17),136.8 (C-6a),126.8 (C-3a),123.5
(C2),122.9(C-6),120.1(C-5),118.6 (C4),
111.7(C-7),110.0(C-3),59.3(C9) ,54.7(C-12) ,
45.6(C-15),28.4(C-13) ,27.0(C-8) ,22.7(C-14) ,
PAE Bt 5 Sk G SR — B, O %A A )
A ergosterol ,

LEWI0 HEKKR, Zin T 07 ;0 Cy
H,,0,;EI-MS:m/z 428 [M]*;'H NMR (400 MHz,
CDCL,)6:6.50 (1H,d, J =8.5 Hz,H-7) ,6.24(1H,
d,J=8.5Hz,H6),5.22(1H,dd,J =15.2,7.4 Hz,
H-23),5.13(1H,dd,J =15.3,8.1 Hz, H22),3.94
~4.00(1H, m,H-3),0.99 (3H,d,J =6.6 Hz, H-
21),0.90(3H,d,J =6.9 Hz,H-28) ,0. 88 (3H, s, H-
19),0.83(3H,d,J =6.8 Hz,H-27),0.82(3H,s, H-
18),0.82(3H,d,J =6.8 Hz,H-26) ;" C NMR (100
MHz, CDCL, ) §:135.5(C-6),135.3 (C-22),132. 4

(C-23),130.9(C-7),82.3(C-5),79.6(C-8) ,66.6
(C-3),56.3(C-17),51.8(C-14),51.2(C9) ,44.7
(C-13),42.9(C24),39.9(C-20),39.5(C-12),
37.1(C4),37.1(C-10),34.8(C-1),33.2(C-25),
30.3(C-2),28.8(C-16),23.5(C-11),21.0(C-21),
20.8(C-15),20.1(C27),19.8(C=26),18.3 (C-
19),17.7(C28),13.0 (C-18), LI F¥ 5 X
R R A — B, B B AL AN (22E) Sa,
8a-epidioxyergosta-6 ,22-dien-38-o0l,

LEWIL HEBR, S THE; 7+ C
H,,0,; ESI-MS: m/z 505 [M + H]*;'H NMR ( 600
MHz,CD,0D)§:5.21 (1H, m, H-22) ,5.21 (1H, m,
H-23),5.04(1H,d,J =4.4 Hz,H-16) ,4.33(1H,d,
J=3.2 Hz,H-11),3.79(1H,dd,J =9.3,1. 2 Hz, H-
7),3.53(1H,s, H-3),2.56 (1H, m, H-20) , 2. 56
(1H,m,H-15a),2.39(1H,m,H-5) ,2.24(1H,dd, J
=13.9,2.8 Hz,H-12a),2.12(1H, m, H-8),1.99
(3H,s,H-30),1.98(1H, m,H-1a),1. 81 (1H,m, H-
2a),1.57(1H,m,H4),1.50(1H,dd,J =13.7,4.5
Hz,H-14),1.44 (1H, m, H26),1.44 (1H, m, H-
12b),1.44(1H, m,H9) ,1.41 (1H, m,H-2b) , 1. 40
(1H,m,H-1b),1.29(1H,d,J =3.3 Hz,H-17),1. 16
(3H,s,H-18),1.11(3H,d, J =6.8 Hz,H-21),0.95
(3H,s,H-19),0.89(3H,d,J =6.8 Hz,H-25) ,0. 85
(3H,d,J =6.7 Hz,H-27) ,0.85(3H,d, ] =6.7 Hz,
H-28) ;" C NMR ( 150 MHz, CD,0D) §:212.0 ( C-
29),172.3(C-6),136.9(C-22),133.8(C-23),80.2
(C-7),77.0(C-16),70.9(C-3),68.6(C-11),61.4
(C-17),57.2(C-14) ,56.7(C-9),55.7(C-5) ,49.2
(C-12) ,44.8(C-24) ,44.4(C-13) ,43.4(C-8) ,41.5
(C-10),37.9(C-15),37.0(C-1),35.8(C-20) ,34.3
(C-26),31.2(C-2),30.3(C4),21.7(C-30),21.5
(C21),20.6(C-28),20.1(C-27),18.6(C=25),
15.9(C-19),15.6(C-18) . L F%df 53k ™ i
FEA B, B e AL G W) R anicequol ,

kEWw1R2 HaEEmAR, Hin THE; 5
F:C,HN, ;ESI-MS:m/z 119 [M +H]*;'H NMR
(400 MHz,CD,0D)5:8. 11 (1H,d,J =6. 8 Hz,H4) ,
7.90(1H,s,H-3),7.41(1H,dd,J =6.9,1.8 Hz, H-
7),7.20(1H,m,H-6),7.17(1H,m,H-5) ;" C NMR
(100 MHz, CD,0D ) §:138.2(C-8),132.7(C-3),
127.8(C-6),123.3(C9),122.2(C4),122.0(C-
5),112.7(C-7) o LA b ¥ds 5 Soikt' )il A —
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B MO TE ALY s e
wEam13 BEGIBL R (HE), 5T H

B o 72 C,H O, ; ESI-MS:m/z 123 [M + H] "
121 [M-H] ;'H NMR ( 600 MHz, CD,0D ) §:9.77

(2H,d,J =8.3 Hz,H-3,5);" C NMR (150 MHz,
CD,0D)5:192.8 (CHO) ,165.2(C4),133.4(C-=2,
6),130.3(C-1),116.9(C-3,5) . LI % 55k " 41
T A3, B A B R HOR A

(1H,s,CHO) ,7.78(2H,d,J =8. 6 Hz,H-2,6) ,6.92

0]
[ j\—/[l Y N
H HN :
H
(0]
1

EY 1 ~13 B =45 2 Bios .

0
o o
OH H
[ NH i NH Y NH
HN

N N VN

o o) o]

4

2 KEWM1~13 U FEN

Fig.2 The chemical structures of compounds 1-13

3.2 HHEENE B o
KR N HRE AT PU R A, 25 3.3
RERIEEY 9 X = AR R (KT 4
WOH R R ZE AT ) BA —EMPIET AWTE 20 pe/mL REE T SEAT RSN AR BE S 1 1A
PE,MIC ¥4 90 pg/mL, HAREAYI BoRPrEErE W, g550mE 1 i,
K1 WEW1~13 WHABFE(xts,n=3)

WREEN
R CCK-8 JEXS SA3 B bk 73 2515 3 1 B 1A 1

Table 1  Cytotoxic activity of compounds 1-13 (x ts,n=3)
&Y >R Inhibitory rate( % )
Compound SMMC-7721 MCF-7 HepG2 Hela

1 52.87 £11.42 42.05 +£4.56 47.47 £2.00 -
2 50.90 +12.42 - 48.05 +6.44 49.87 +8.15
3 56.90 +10. 87 - 53.50 £3.74 59.76 £6.08
4 - - 41.78 +7.43 -
5 47.16 £5.03 41.29 £8.65 41.67 £5.28 -
7 - - 52.08 £7.27 -
8 45.41 +£7.96 - 45.46 £1.97 62.28 +1.58
9 47.02 +14.23 47.37 £20.38 50.79 £4.78 40.37 £21.14
10 68.13 £2.62 52.12 +£20.18 47.06 £1.65 52.64 +£14.29
12 43.50 £5.11 - 42.77 +9.89 48.42 +14.06
13 - - 44.29 +3.26 59.55 £5.59

Jlii4A Cisplatin 87.34 £2.08 50.01 £3.17 89.55 £4.53 92.32 +0.23

T8 =" R RN T 40% 5 NSEA N BE PRSI o

Note:“ - indicates the inhibition rate is less than 40% ; Cisplatin is positive control.
TEAMTEEE BRI R P BRAE G 6 Rifk JRANARR B AR AR BE A s ik . & G IREF
A1 R TSN, b e s Xt patk s bt k&, a3 X SMMC-7721  HepG2 Al
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JRIWEA 25 W L # Geomyces pannorum SA3-2-YM K R ACH F= 49 (5T 55

Hela A s T 50% ,465%) 8 Xf Hela fifii
2R A R B K (62.28% ) o 5 A I SR LT Y I
1RA6EYr 10 X SMMC-7721 \MCF-7 #1 HeLa 4 i
FEY KT 50% , Hovhxt SMMC-7721 40 ity 25 4 5
=, 8% T 68.13%
4 itig

KB RE Geomyces pannorum SA3-2-YM FJ VK
R EE b I oy ey AL RS E T 13 SRS
Wy, & NI RSB = SR E A
PN ARG, BRAEEY) 10 LISk HAti b &4
Be s Nz s B A f AR 4 s AR 3], o
I EAFREIRIER TR Z O (R K, o HAY
&Y 8 Jet D-Z TR D-NZRAF A M. —
B T U B Y R R 2t L- BE TR A 1, D-
RIERALE A BUH IR AEAE, 7E AR, D-Z
TRAFAE TR B 2 A HE S A s S A )
SR R E ) B R AR A DR
BERRHIA BIAFAE

M 22 % @ LA T e Ve FUIA , 1R 3R [ T E A
TR FE M, W AR L e R E PR
W S B S ™ %8 B e 2 &
R AR A X R A RUT R LA Y Y
P EREREE P A R R B, R 24 5 R
T B A B B G A ™ ) AT i s R AT A=
SIS RNE RIS MBI IR 45, 2 PO a0
HEE AP AT B G A B R ARGE
MiZJE 5 B B0 A E A IR A E T
JB FLR A W) B S5 F 28 B, (0 2 TR P4 — kR
2y P M T EOR TR AR AN TS A 12 A4
OEIRIN K, A cyclo-( D-Trp-D-Thr) REAZ 1)
il HepG2 fyif ¥ (105 =6.51 pM) ™, Tij A 5
X Hela 41 Jifd 75 P4 e 4 19 cyclo-( D-Ala-D-Trp ) Il
DWLHIE , J5 2 R kN A i S A B 1 X eyclo-
(D-Ala-D-Trp ) 177 A= 4 B0 i 98 #4928 56 2R 0t — 20 ik
FTRABIETE [ x 322 Jm T 087 I 2 G ™ 4 il
AW P RIS B — 5 BRI

S 3k
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MIBTTEE BRI T — MR AR ) AR R I A IR Y SR, 8 /\ S35 A £1 3R (phytoene ) i i {45 41 O A=
PR A BRI DR A EAE BT, AT AR 078 SRk R DL KAt it a2 R I T 2
B N R AR A ITRE TR T

KNS MRE R RN OR R AATE T ShY) S SR T R R A B AL A a Rz,
ARG R A W FLORIE, AP EHA N SA D W SIS MR EEREEHS PR FE
RAETE A B 5 A AR 32 o A 2 R R S v A S (AR B A TR i, 35 B 70 A 7k R RN S H ¢ £ 720 I B
LT HR v B I A N 23 e A A AR BT

R BIFFE AR B, T L3 g o\ S B A L 3R 7 A A R e AR i R AR I b R N AL R 2
# MR G BGRRE MR, AT LUE BUR RIZE B 2680 % D R B . i E R, NS
BHELER 1Y & B —E BER , B2 AR S VE I RE ) A8 R NA R ML R AL 2R DR
TR B SRR A R B A KBRS MR AR BT, IR IE R WD G R R IR S MR
B IR DA P S A [ Jirt 2 A2 AR R SR T 9 5 SRR R B RN, S e RO ) At 5,58
HE SR EER M.

X7 B HERTA SO R ) TP A R, SO AR R A Z R (B AnTE R Z 01 L 005 i n]
DITEAEY R T WORH U P A R 8 MR P R , 1O — T T 2 B9 BOR , AMGE F T Aoll A= 7,
WG T RAR AR FE R MRS MRS A, ke &l s L H, o0& 7 ik
Ty S T Tl A2
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JE.SCARAH ; Synthetic conversion of leaf chloroplasts into carotenoid-rich plastids

reveals mechanistic basis of natural chromoplast development





