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Study on B-carboline alkaloids produced by endophytic fungus
Paraconiothyrium brasiliense and their xanthine oxidase inhibitory activity
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Abstract:In this study,the secondary metabolites of an endophytic fungus were regulated by precursor mediated regulation.
To study the secondary metabolites , various chromatographic techniques,including normal phase silica gel column chromatog-
raphy and preparative HPLC were used. Their structures were determined by various spectroscopic data,such as NMR and
MS. Finally, 10 alkaloids were isolated from P. brasiliense and their structures were identified as perlolyrine (1) ,1-(1',2'-
dideoxy-a-D-nucleopyranosyl ) -8-carbamate porphyrin (2) ,flazin (3) ,tangutorid E (4) ,1-acetyl-B-carboline (5) ,4-(9H-8-
carbolin-1-yl) 4-oxobutyric acid (6) , 1-( furan-2-yl) -9H-pyrido[ 3,4-b ] indole (7) ,indole-3-ethanol (8), indole-3-acetic
acid (9) ,and indole-3-carboxaldehyde (10). All the 10 alkaloids were isolated from this genus of Paraconiothyrium sp. for
the first time. Among them,7 compounds were B-carboline alkaloids. In addition, the xanthine oxidase inhibitory activity was
tested for compounds 1-10. The results showed that 7 compounds had significant inhibitory activity,and the ICy, value ranged
from 0. 68 to 9.30 mM. It was worth noting that the inhibitory activities of compounds 2,3 and 6 were better than that of posi-
tive drug.
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ARSI 2 i AR S W5 1 Th A — R R
5o/ B fl BL B Paraconiothyrium brasiliense ( P. bra-
siliense , Genbank Accession No. KM880019) , & % %
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B E K BRI, T A5 . Z1201610408151. X)
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Fig. 1 The HPLC analysis of fermentation broth

of L-tryptophan added into the strain
TE a s RUNIN L% R 5 b RN L-(5 588 . Note:a:No
L-tryptophan added , b ; L-tryptophan added.

LEW1 RE AR mp. 185 ~ 187 C;
UV A, = 237,252,275,292,364,378 nm; EI-MS;
m/z264 [M]*;'H NMR (400 MHz, DMSO-d, ) &:
11.30(1H,s,H-9) ,8.36(1H,d,J = 5.1 Hz,H-3),
8.26(1H,d,J = 7.8 Hz,H-5),8.07(1H,d,J =
5.1 Hz,H4),7.79(1H,d,J = 8.2 Hz,H-8),7.59
(1H,t,J = 7.0 Hz,H-7),7.28(1H,t,J = 7.9 Hz,
H-6),7.20(1H,d,J = 3.4 Hz,H-3"),6.58(1H,d,
J = 3.4 Hz, H4'),4.65(2H,s,H-6");"” C NMR
(100 MHz,DMSO-d, )5:156.7(C-2"),152. 1(C-5"),
140.9(C-1),138.2(C-3),133.1(C-8a),130.5(C-
4b),129.4(C-6),128.4(C9a),121.6(C-5),120.6
(C4a),119.7(C-7),113.6 (C4),112.5(C-3"),
109.6(C4"),109.0(C-8),55.9(C-6"), ZikE&W

FH A EA IHkIE PR IO: Mr RA) G, 28 ) SR, iz Ak &
WD AR T 1 3 A Sk A s — B,
TE AW RN E

HEW?2 WE Ak AR mp. 190 ~ 191 C; UV
A, = 237,252,275,292,364,378 nm; EI-MS: m/z
284 [M]*;'H NMR (400 MHz, DMSO-d, ) 8:11.51
(1H,s,H9),8.24(1H,d,J =5.2 Hz, H-3),8.20
(1H,d,J=7.8 Hz,H-5) ,8.00(1H,d,J =5.2 Hz, H-
4),7.70(1H,d,J =8.2 Hz,H-8) ,7.52(1H,ddd, J
=8.2,7.2,1.0 Hz,H-7),7.22(1H,ddd, J =7.8,
7.2,0.5 Hz,H-6) ,5.32(1H,br t,J =6.5 Hz,H-1") ,
3.56(1H, ddd, J =9.2,5.6,2.8 Hz, H-3"),3.51
(1H,m,H-5a"),3.33(1H, m,H4") ,3.33 (1H, m,
H-5b"),2.30 (1H, ddd, J = 14.0,6.3,2.8 Hz, H-
2a’),1.98 (1H, ddd, J = 14.0, 9.2, 7.5 Hz, H-
2b") ;" C NMR(100 MHz,DMSO-d, )5:148.0(C-1),
140.6(C-8a) ,136.5(C-3),132.8(C9a) ,128.2(C-
4a),127.8(C-7),121.4(C-5),120.5(C-4b),119.0
(C-6),113.5(C4),112.4(C-8),75.0(C4"),72.0
(C-1"),70.2(C-3"),63.1(C-5"),39.4(C-2"), %
LAY 2R IR M E R R 17,27 - 2 SNt g A2 B AL
G, 284 ) SCHR, 2 A6 5 0 0 ik i R S0 R 5 S
Bk R R — B, B RS 1-(1, 2
dideoxy-a-D-ribopyranosyl ) -B-carboline ,

HEW3I  IRE AR AR mp. 231 ~233 C; UV
A, = 217,275, 364, 378 nm; EI-MS: m/z 308
[M]*;'H NMR (400 MHz, DMSO-d,)5:11. 68 (1H,
s,H9),8.85(1H,s,H4),8.43(1H,d,J =8.0 Hz,
H-5),7.83(1H,d,J =8.2 Hz,H-8),7.67 (1H,t, ]
= 7.8 Hz,H-7),7.44(1H,d,J =3.3 Hz,H4'),
7.37(1H,t,J =7.5 Hz,H6) ,6.64 (1H,d,J =3.3
Hz,H-3") ,4.67(2H,s,H-6") ;" C NMR (100 MHz,
DMSO0-d,)6:167.3 (C-7"),158.6 (C-2"),151.5(C-
5'),141.9 (C-8a), 132.9 (C-1), 132.3 (C9a),
130.3(C-3),129.4(C-7),122.4(C-5),121.4 (C-
4b) ,121.0(C4a) ,119.3(C-6) ,116.1(C4),113.3
(C-8),111.5(C4"),109.7(C-3"),56.4(C-6") , %
B W T i 1 3 0 5 Sk 4 St — %
T e A A Y flazin,

wEM 4 RE AR ; mp. 225 ~227 C; UV
A, = 238,254,272 ,295,366,375 nm; EI-MS; m/z
302 [M]*;'H NMR (400 MHz, DMSO-d, ) §:11.45
(1H,s,H9),8.24(1H,d,J = 5.2 Hz,H-3),8.21
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(1H,d,J=7.9 Hz,H-5),8.00(1H,d,J = 5.2 Hgz,
H4),7.71(1H,d,J =8.7 Hz,H-8) ,7.52(1H,t,] =
7.4 Hz,H-7),7.22(1H,t,] =7.4 Hz,H-6),5.30
(1H,m,H-1"),3.51 (1H, m,H-3") ,3.48 (1H, over-
lapped ,H-5"a) ,3.34 (1H, overlapped, H-5'b) , 3. 33
(IH,m,H4"),3.31 (1H, m,H2"a),1.97 (1H, m,
H-2'b) ;" C NMR (100 MHz, DMSO-d, ) §:148. 4 ( C-
1),141.0(C-8a),137.0(C-3),133.1(C9a) ,128.7
(C4a),128.2(C-7),121.8(C-5),120.9 (C4b),
119.4(C-6),114.0(C4),113.0(C-8),75.5(C-
4'),72.6(C-1"),70.6(C-3") ,63.9(C-5"),40.9(C-
2') o HAE Y BRI A G RS 5 sk T s
B — 3, WO 2 Ak G Y0 tangutorid E

HEMS WA A ; mp. 202 ~204 C; UV
A, = 260,282,305, 380 nm; EI-MS: m/z 210
[M]*;'"H NMR (400 MHz, DMSO-d,)5:11.90(1H,
s,H-9),8.50(1H,d,J = 4.7 Hz,H-3),8.42(1H,
d,J] = 5.0 Hz,H4),8.30(1H,d,J = 7.8 Hz, H-
5),7.80(1H,d,J = 8.0 Hz,H-8),7.60(1H,ddd,J
=8.2,7.2,1.0 Hz,H-7),7.30(1H,ddd,J = 8.2,
7.2,1.0 Hz,H-6),2.80(3H,s,H-2") ;°C NMR( 100
MHz,DMSO-d, )§:201.9(C-1") ,142.3(C-1) ,137.8
(C-3),136.2(C-8a),134.3(C-9a),131.3(C4b),
129.3(C-6),122.2(C-5),120.7 (C4a),120.3(C-
7),120.0(C4),113.5(C-8),26.4(C-2") ., Zfk&
Wi RIS T B 5 Sk R AR — B
WAL B YR 1-acetyl-B-carboline

&M 6 IR KA ; mp. 234 ~ 236 °C; UV
A, = 220, 282, 308, 380 nm; EI-MS; m/z268
[M]*;'H NMR (400 MHz, DMSO-d,)5:11.97 (1H,
s,H-9),8.52(1H,d,J =4.9 Hz,H-3) ,8.46(1H,d,
J = 4.9 Hz,H4) ,8.32(1H,d,J =7.9 Hz,H-S5),
7.81(1H,d,J =8.2 Hz,H-8),7.61 (1H, m, H-7) ,
7.32(1H,m,H-6),3.53(1H,d,J =6.8 Hz,H-3"),
2.70(1H,d,J =6.8 Hz,H =2');” C NMR (100
MHz,DMSO-d, )8:201.8(C4") ,173.8(C-1") ,141. 8
(C-1),137.8(C-3),135.7(C-8a),133.9(C9a),
131.2(C4b),129.3(C-6),122.2(C-5),120.6( C-
4a),120.3(C-7),119.8(C4),113.5(C-8),31.0
(C-3"),29.4(C-2"), ZALA YA BIE F 2008 A0
5SRO R s — 3, MO R AL A o 4-(9H-
B-carbolin-1-yl) 4-oxobutyric acid,

WEWT REAKAR;mp. 127 ~ 129 C; UV

A, = 236,253,274,292,365,378 nm; EI-MS: m/z
234 [M]*;'H NMR (400 MHz,CDCl,)§:9.38(1H,
s,H9),8.46(1H,d,J = 5.2 Hz,H-3),7.89(1H,
d,J] = 5.2 Hz,H4),8.15(1H,d,J = 7.7 Hz, H-
5),7.58 (1H, m, H6),7.35 (1H, m, H-7), 7. 33
(1H, overlapped, H-8) ,6.71 (1H,dd,J = 3.4,1.7
Hz, H-3'),7.64 (1H, m, H4") ,7.74 (1H, m, H-
5');” C NMR (100 MHz, CDCl, ) 8:154.6 (C-2"),
142.8(C-5"),140.4(C-1),138.9(C-3),133.3(C-
8a), 131.4 (C4b),130.3 (C9a), 128.6 (C-H),
121.7(C-5),121.2(C4a),120. 1 (C-7),113.7(C-
4),112.4(C-3"),111.5(C4"),108.7(C-8) , &4
B SCHik 2 ME %A S T A 1-(furan-2-yl) -9 H-
pyrido[ 3 ,4-b]indole,

WEW 8 IRE MK AK;'H NMR (400 MHz,
DMSO-d,)8:10.80 (1H,s,-NH) ,7.52 (1H,d, J =
7.7 Hz,H4),7.33(1H,d,J =8.1 Hz,H-7),7. 14
(1H,d,J =2.2 Hz,H2),7.06 (1H, m,H-6) ,6.97
(1H,m,H-5),3.65(2H,t,J =7.2 Hz,H-2"),2.85
(2H,t,J =7.2 Hz,H-1") ;”C NMR (100 MHz, DM-
S0-d)8:136.6(C-7a) ,127.7(C-3a) ,123.2(C-2),
121.2(C-6),118.8(C-5),118.6(C4),112.0(C-
7),111.7(C-3),62.2(C-2"),29.3(C-1"), i t4y
Frik A4 8 )" H NMR % F1 C NMR 3%, iZ b &4
S| 2K A W, 25 4 I SOk S e AL
1>/ indole-3-ethanol

'f't'él'% 9 7&%@%*;%?:&:(:101'1111\10,
mp. 163 ~ 165 °C ;'H NMR (400 MHz, DMSO-d, ) §:
10.90(1H,s,-NH) ,7.51(1H,d,J =7.7 Hz,H4),
7.35(1H,d,J =8.0 Hz,H-7),7.23 (1H,d, ] =2.2
Hz,H2),7.09(1H, m,H-6),6.99 (1H, m,H-5),
3.64(2H,s,H-1") ;" C NMR(100 MHz,DMSO-d, ) §:
173.8(C-2"),136.6 (C-7a),127.9 (C-3a), 123.2
(C2),121.2(C-6),118.8 (C-5),118.6 (C4),
112.0(C-7),108.3(C-3),31.6(C-1"), #L 407
L4479 19'H NMR 3% F1° C NMR %, iZ b &9 N
— AN A B, 224 B SCHR Y S E R A
>} indole-3-acetic acid,

LE®W 10 REAHK; 5 F X CH,NO, EI-
MS:m/z145 [M]* ,'"H NMR (400 MHz, DMSO-d, ) §:
9.94(1H,s,-NH) ,8.29(1H,s,H-2),8.10(1H,d,J
=7.1 Hz,H4),7.53(1H,d,J=7.6 Hz,H-7) ,7.27
(1H,td,J =7.5,1.3 Hz, H-6),7.23 (1H,d, J =
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7.5,1.3 Hz,H-5) ;" C NMR (100 MHz, DMSO-d,)§:
185.4(C-1"),139.0(C-7a) ,137.7(C-2) ,124.7(C-
3a),121.3(C4),118.6(C-3),123.9(C-6),122.5
(C-5),112.9 (C-7), i Mk &9 10 19'H

NMR 5% H1°C NMR 3% 124659 0 — AW )
AL, 26 45 [ SCHik ™), 458 1% A A ) indole-3-car-
boxaldehyde ,

2 Ew1~10 MY

Fig.2 The chemical structures of compounds 1-10

3.2 ERKSUEMNHSRER

XL A 1 ~ 10 AT H00 S 1R 07 12t , 368 ik 003K
Pit Sz 7 I 5 €550 A Y 5% A 5 WO BE B R/
A T SO B W S ALl ) 0 1, SR e B ot
JEEBR , G A SR AN [ e JEE ) ] M e P A g B
P24 % R R S AR ) 1 P g It R e 1 T
R HOM G A 161 mM, 5 SCikt 2 i

Bl —2, BA—EwEEMEMSEME, 10 b
BN R N S AR I ) £ P B I 58 25 R AN 3 2
L Horp T A Y EATR R B B A L A
Y12 3 F16 Xt SIS S AL BEA) - R Rl E AN, 7091
90.90.,0.98 #10.68 mM, H IR 4f TS, 5|
SU(EEY 1) (1G5, =2.84 mM) FYTEFERTLE, 4 4H)1]
SR (LS 2 ~4.6) Bl

F1 FERENERRSLEBHMEIERER(n=3)

Table 1  The inhibitory of allopurinol effect on xanthine oxidase (n=3)
MRS BV oD & i 2 1Cs,
Allopurinol concentration( mg/mL) OD value Inhibition rate( % ) (mM)
0 1.872 £0.02" - -
0.4 0.704 £0.02 " * 62.39
0.2 0.976 £0.04 ™ * 47.86
0.1 1.184 £0.03 " * 36.75 1.61
0.05 1.542 +0.08 " * 17.63
0.025 1.665 £0.06" " 10.96

TE: 525 FIXT AL, © " P <0.01, " P <0.05,
Note : Compared with the blank control group, * * P <0.01, * P <0.05.

4 Hie5%R

TR IR R AR 7 ) 5 A D AR L AT B
WO E B A K JE I | T AR R R e AR AL
AP AR R ARTRA B RR B AR T AR I W ELAE
R o R K. RTINS & s
WISt A DL R TE , AT 2o B A A A R 4, 4 s )1 |
B MRS ISR (4 7 i, R AR TR 4k S T R 11 O A
JRAE . A SCHRA B, N5 Wb & b e 2

— I L E RN 5- £ Tt 4 TP R Jd 3 Pictet-
Spengler (P-S) I i (1 81k, H P-S K W i ( Pictet-
Spenglerase ) J2 B-FH: Wk A 4y T &5 Bl Y O S il
JIF LA, A VRS o0 % L B AT RIS 3 DT 58 IR
DAy 45, X 4 U IR HEAT LC-MS 43 #r,
BRI EAH K AW, 571 1 7E m/z 200 ~ 400
Z ] 55 N WA 0 3 B4R, DALk, 7T DA
HED , L5 S PR BT B I B T B-FRIRSE L Y
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K2 AEARELEWL~10 M EELSNWEBHMEIR(n=3)
Table 2 Inhibition rate of compound 1 ~10 at different concentrations on xanthine oxidase (n=3)
ey 4] 2 Inhibition rate( % ) 1Cyg (M)
Compound 0.025 mg/mL 0.05 mg/mL 0.1 mg/mL 0.2 mg/mL 0.4 mg/mL )
1 3.77 1.59 0.79 1.79 1.19 2.84
2 5.49 10.98 11.93 44.87 70.17 0.90
3 4.35 13.04 17.39 47.83 52.17 0.98
4 3.84 11.54 11.54 15.38 23.08 2.55
5 32.35 34.45 34.73 35.50 36.13 >10
6 0.78 2.08 4.17 22.40 26.04 0.68
7 3.85 6.92 7.69 12.31 15.38 9.30
8 2.67 4.15 4.75 6.53 7.12 >10
9 8.89 15.56 16.67 22.22 23.61 >10
10 1.53 4.59 11.01 27.83 30.09 4.01

DUEREE R 3R IR, & A T RE M A Wb, AR
RS AR T 10 M ERISRIE A, UL Ak
B E R ZE Wk AR R, o 7 A B-
RObRAE P, 6 A 2RI, A X P g s T
H 0 =4 () 7= B AR S X 10 S AE Wik iE AT 1 v e
W& S AL BRI I 5 PR I, 45 SR o 7T MG R
B 2 8 0 41 956 P 1C (B AU Y Bl 7E 0. 68 ~ 9. 30 mM
ZIE AL B 1 2.3 e il fE AR S, HALF
PHPEZ . 4 NE BRI (LG 2 ~4.6) 5]
(AW 1) B9 A L, B0 PE A, Li
Al 10D R TP 2y B AR B A 3, A W T O
SRR LAY 3 HAT B0 A RS A Ak i
HPE(1C, = 0.51 = 0.05 mM) , 57803 s st
— B, TR B SO IR RN Sy XS, R BAL A
Y 3 figim I 5K AE FH 0 R A B N NS AR A i A
fer 0 5 4 LR Lys1045  GInl194 Fil Arg912 AH &
AR = A 30 3 v 5 10 HLZ Ak & W ) ADME (U
oA AR HEE) 258 R N RR A R AR, AR AR
P ELA B 4 10 AR A 8 R P BE 5 A i
WEIAEY) 3 AR amrPr HIV {5 PE (EC,, =2.36
PM, T =12. 1) , 2833 Z5 491 i 15 2] flazinamide )5,
KI5 R AR SR BT HIV-1 3% 4 (EC,, = 0. 38
uM,TI =312.0) , B #F A lm PR AT 45 500 58 T4
AN IFTE R AE DU ALK 3 5| AJRTR
BE , AT B i A s e LA O Al
CREISETNIIANTE - R 1R ek 7/ IR ML =AY

()3 PERIRAL 1. 454 DA b SCHRHRGE , Xk &9
1 ~10 (WRIEAROC R 00T, AT LUE Y, B-REMR A= )
WY 3 ALARIRAL (LB 3) , S 1 ik i) 32 Ak
(L&) 2) BUREAL (L&Y 6) , I REHE A 2R &
B S AL BRI TG M. ITAEOR, B LI BN
PRI ST ARBUESE T B R S AR50 L 550 2% DDA
O, WML S AR AT 1 550 W] N FH T 22 R0 I 4S9
FIIRYT o ARSCHIBIFFE S ST )1 E e S H A 1
PRSP AL TR, ORI Rt B R A
Y (L1 B I 4 S AL I TR TR B AL T 22 1K .
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