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BEEE Talaromyces sp. HK1-18 FIIER B L L & FE L H MR

B, FEEY, ONFR, AEE, REE', BREE', K &'

(1. TN RFIREERL 5 TR, R SRR AT, L5 #1 225127; 2. YLIRMEHE RS,
VLA WA M IR S PR B J N 9206 6, V95 JE =9 222005; 3. f VR R BE 2 2B, 2
HEURE A E, I F I 266003)

FHE: 5T GNPS [ 51— 2 W 5% 55 05 e DR 1R 53 4 0 AR 7= Rk BB Ak & 0 A8 R0 7. AR SR 43
FEF AR T E B Talaromyces sp. HK1-18 K B =4 1 Vg RS Stk 2= 2 HEvE . 2 A RHEER
R 135 AR 1 RS0 € T 5 0 035 40 1 0 R DA A% R 48R AR 1 0 A5 0t 3 A AT R AN L 1 HIK 118 R B =) vh 4y
B % T 3R T = IR E R AL &4 sequoiamonacins A~C (2a.2b.1); 4k10 LU B AR S, MiZEE K40 T
W 2 3R BT sequoiamonacin 2 g LR A4 & 4 1) 43 T S 45 8 MR BT 12 3R R P - BES T I MS/MS (Z R )
Jr, BCED TN T 7 AN g SR AL A WAk 2 45 (3~9), MR sequoiamonacins E~T (4~9) Nk & ¥, FH#R 7%k
&P MS/MS 2R . (AW EBA — B NPREME, RS 2 5 (LPS) i 5 1/ B E i 41 i
RAW264.7 H AN & 1a (IL-1a) (I722E, FREIRE N 12.5 ng-mL™ B, 1 3Rk 29%.

KHRIR): WG EE R E; B AR 2 T 4S; 45 R TIIN; sequoiamonacin
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Chemical diversity of azaphilones from the marine-derived fungus
Talaromyces sp. HK1-18
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Abstract: GNPS-based mass spectrum-molecular networks is an effective strategy for rapidly identifying
known natural products and discovering novel structures. The chemical diversity of azaphilones from the
fermentation extracts of Talaromyces sp. HK1-18 was studied by molecular network technique. Three linear
tricyclic azaphilones, sequoiamonacins A—-C (2a, 2b, 1), were isolated by silica gel column chromatography and
high performance liquid chromatography from the extracts of the fungal strain of HK1-18, and their structures were
identified by nuclear magnetic resonance and high-resolution mass spectrometry. Guided by the mass spectra of
sequoiamonacins A — C (2a, 2b, 1), the cluster of sequoiamonacinoid analogues was discovered from the full
molecular networking of HK1-18. By analyzing the MS/MS fragments of each parent ion in this cluster, 7
azaphilones (3-9) included 6 new ones (4-9) were predicted successfully. Then the MS/MS cracking regularity of
this type of azaphilones was revealed. Compound 1 showed anti-inflammatory activity, which can inhibit the
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production of interleukin-la (IL-1a) in lipopolysaccharide (LPS)-induced mouse macrophage RAW264.7, with an

inhibitory rate of 29% at the concentration of 12.5 ug-mL™".
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WEPERIR Wl T LS50 Z e vE A s AR Ys 1t 32
BT RIE, R RIUH 25 5y 1 I B EORIEZ —; 1
A RH LR, WNEEERAYIh e R T RERZ
WSt SR, BEE O AL &Y EE 4 B RIR
SRR, 25 K 3B R0 AR 3 Ak TR AR M ) e BRI AR A5 R
HPHR S BT BRI M4t 2 5 T M 45 (global
natural products social molecular networking, GNPS) f{]
I3 T A B E SEILR IR W) 25 A AL &
ORI — P A ORI T S R AR U 4 1 B
AL MS/MS (i) #1783, GNPS-73 1 1¥]
260 I vF 5 MS/MS B v IR ARABL:, AT S BAH AL 43
PSRBT AL o B Ry T 3R AR o — AN s AL 22 G
T I A, TS 0 At 5 50 RT DA S T o R 22 AVRRAIE B 1
TAE P PR AT AT 5 R TN, AT 52 3 f R5AK 5 0 FR) v 2
KA

W& %l (azaphilone) A& — 2 LAy & 44 0 ikt i —
FE XA O DRI R AW R, B2 MAY)
TEPE, QTR PUR R BUR LR S 2 BT ZE B
T RN B P24, ISR (Aspergillus) 5 %
J& (Penicillium)~ & 52 W J& (Chaetomium). ¥ IR B J&
(Talaromyces) %, 5& B P A KSR 25 W04k 7 0 70 19 44
AR AR VR R K A DN R R A S A A e R AR
WAL, WRIL T — R 5B L E T MRSA (fif
S TG PR < T T ) P )T 2R U A S T AR
Kb — ¥R 8 7 31 B Talaromyces sp. HK1-18 [ IR 2% AX 3
FEVIRETTRIE TS, o B3R 1 — R B LB =3B 4R
& 45 i 25 1k & ¥ sequoiamonacins A~C (2a.2b.1), 7
FIHH 2T GNPS [ 55 + W 48 H R 0 =308 EU 2R &
VIR ZAEVEREAT Y208, MG U0 531 Hh s 2y Tt
T I MMM G AR (3~9), Kt 4~9 2 Wik &
Yo B0 BB VE R A S5 B A S E BT
PE M T P 4% DL MS/MS 2 i ik & i AT 1 AN
(SR

FER5118
1 ZEE

WEY & EHRY) . FAZHIHREGE (‘'H NMR)
d, LT — ARG ELE S 0, 7.06 (d, J = 15.6 Hz),
6.24 (d, J = 15.6 Hz), — M&HE(E 5 5, 6.12 (s), i ™Mb
NN AT H S S 5, 4.90 (d, J = 13.2 Ha),

4.81 (d, J=13.2 Hz), i > 215 5 6, 1.34 (s), 0.87 (4,
J = 6.6 Hz); HA%IE ("C NMR) 1 BoR 7 = RIERRAS
5 5. 191.4, 173.8, 170.2, 75 /MM R Bk 15 5 5. 156.6,
150.2, 135.1, 124.1, 118.3, 111.1, = AN EH KA 5 0,
82.2,67.1,63.3, WA HELBRIE 5 0. 16.9,14.0. ZLH
Y DL B S BRI R 5 ORI TE B A AR, PR
A E Y1 B ST =B 45 8 (1 8 U AL A )
sequoiamonacin C, /& —Ff KA T A E R, (LEW1
("7 NMR HI MS #4541 7 : 'H NMR (600 MHz, CDCL,) 6
7.06 (1H, d, J = 15.6 Hz, H-3), 6.24 (1H, d, J = 15.6 Hz,
H-2), 6.12 (1H, s, H-5), 4.90 (1H, d, J = 13.2 Hz, Ha-
14), 4.81 (1H, d, J = 13.2 Hz, Hb-14), 3.71 (1H, brd, J =
9.0 Hz, H-15), 3.04 (1H, m, H-9), 2.80 (1H, td, J = 10.8,
3.6 Hz, H-8), 2.67 (1H, dd, J = 18.0, 4.2 Hz, Ha-7), 2.61
(1H, dd, J = 18.0, 11.4 Hz, Hb-7), 1.74 (1H, m, Ha-16),
1.44 (3H, m, Hb-16, H-17), 1.34 (3H, s, H-23), 1.26
(8H, brs, H-18~H-21), 0.87 (3H, t, J = 7.2 Hz, H-22);
"C NMR (150 MHz, CDCL,) J 191.4 (C, C-12), 173.8
(C, C-10), 170.2 (C, C-1), 156.6 (C, C-4), 150.2 (C, C-
6), 135.1 (CH, C-3), 124.1 (CH, C-2), 118.3 (C, C-13),
111.1 (CH, C-5), 82.2 (C, C-11), 67.1 (CH, C-15), 63.3
(CH,, C-14), 47.5 (CH, C-9), 42.6 (CH, C-8), 33.2 (CH,,
C-16), 31.3 (CH,, C-20), 28.9 (CH,, C-7), 28.7 (CH,, C-
19), 28.7 (CH,, C-18), 25.9 (CH,, C-17), 22.1 (CH,, C-
21), 16.9 (CH,, C-23), 14.0 (CH,, C-22); HRESIMS m/z
417.194 4 ((M-H] ", calcd for C,,;H,,0, 417.191 9).

WG W) 2a/2b B R R, J& C-4 K HUAR J F) — %
ZE 1A A A . SR 2 P el 4 B8 U7 VE R 2a/2b EAT 4
B, S R CAYR 4y o AL AR b 2 0 R
ERGR R E S, R ES TeEd, G055
T C-AMEMESHMMESR. ANE50E1H
B AR AR AL, S5 EW 1 BEARZAAET,
&) 2a2b ETE R B 2 H — ARG EE S
3,,7.69 (d,J = 5.4 Hz), 6.46 (d, J = 5.4 Hz), [AIIf > T —
MNRIEFEREE S 2 M —HWHFREES . £ TR
185 FRAE, 3 — B 45 & SO P 8 e L& W) 2a/2b
sequoiamonacins A/B. 4G ) 2a/2b 1% K H h —4H
NMR % 4% 7 J& 1 F : '"H NMR (600 MHz, DMSO-d,)
5 7.69 (1H, d, J = 5.4 Hz, H-3), 6.46 (1H, d, J = 5.4 Hz,
H-2), 4.45 (1H, d, J = 15.6 Hz, Ha-14), 427 (1H, d, J =
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15.6 Hz, Hb-14), 3.70 (1H, m, H-15), 3.02 (1H, m, H-9),
3.01 (1H, m, Ha-5), 2.82 (1H, m, H-8), 2.55~2.65 (3H,
m, H-7, Hb-5), 1.74 (1H, m, Ha-16), 1.44 (3H, m, Hb-
16, H-17), 1.38 (3H, s, H-23), 1.26 (8H, brs, H-18 ~H-
21), 0.87 (3H, t, J = 7.2 Hz, H-22); *C NMR (150 MHz,
DMSO-d,) 6 191.8 (C, C-12), 173.6 (C, C-10), 169.8 (C,
C-1), 154.5 (CH, C-3), 150.3 (C, C-6), 123.4 (CH, C-2),
125.8 (C, C-13), 82.2 (C, C-11), 67.1 (CH, C-15), 60.4
(CH,, C-14), 47.2 (CH, C-9), 42.5 (CH, C-8), 33.2 (CH,,
C-16), 31.3 (CH,, C-7), 31.2 (CH,, C-20), 28.9 (CH,, C-
19), 28.7 (CH,, C-18), 25.9 (CH,, C-17), 22.1 (CH,, C-
21), 16.5 (CH,, C-23), 14.0 (CH,, C-22).
2 ATEMITEN

Sequoiamonacins A~C HA X} & HL (brine shrimp)
(1) B A8 A M. AR B 5K F BB AE ) Mouse IL-la
ELISA Kit A I 71 0 (i Ie S g% W B v2s) il e 7 &
W 2% T I, Ik R R A PR SR R N BB IR 4H
RAW264.7. %% %W (3 1), sequoiamonacin C (1)
I — E B P A P, L RE A IR 22 K (LPS) 5 3 1
/BRI 20 i RAW264.7 HH E 41 A 3 1o (IL-1a)
PAAE, MR EIRE N 12.5 ng-mL! i, #0620 29%, 1
P 1 5 i 24 b € K Fy (DEX) B4 % 35%.

Table 1  Anti-inflammatory activity of compound 1. LPS: Lipo-
polysaccharide; DEX: Dexamethasone. n=3,X£s. P <0.001 vs 1

Compound IL-1o/pg-mL’” Inhibition rate/%
1 109.35 £ 0.94 29%
LPS 154.43 +3.74™ -
DEX 100.65 +2.23™ 35%

3 FRIG-5 FIEER

MR @ B HK1-18 H 2 5 K B Y sequoi-
amonacins A~C (2a.2b.1) s&—JE N/D WL E A 2
R =0 B B0 W8 R A A U, 25 R AR ARl B Ak A A aE
A4 M At W R TR 3 B P R L talaromyacins A~
CUVLA Je A B 46 W i 14 1) talaroilones AB!"". 1%
KL =N B S 7 2 FEAE 1S 3 — 42
o AR 31 25 HOR N BT HK1-18 K 74
1] sequoiamonacins A~C ZEAUHEAT T &5 K T

U HK1-18 KT W ) 4 73§ 5 s 1A
PR e 220 T MEE T 3L S 300 445 A1, T8 > 34
(K150 F 547 184 o 455 GNPS Hdis FE A& & UL, w41
o AL HSE IR TR IDE R TE | Lt i I K AR )
Bl S5 A & 0, oK R D IE R AL A I By R
Sequoiamonacins A~C 1K 73 #% i 1% 35 5 m/z 419
[M+H]", 1M1 73 9 28 A S B E (749 s 1 B

N om/z 419; 43 B ELH: MS/MS B, & B 2 K v
AL, & B AEAS 5 ) N m/z 401, 375, 357, X N T
sequoiamonacins A~ C 73 1 (¥ i 7K Bt 72 55 2 i 7%,
F W IX AT A AR C-4 M BE R AL & 4 1A
C-4 M5 IR AL &9 2a/2b, 1B T BRI TR 5E -

PABAS m/z 419715 oA RO, BT 5 2 B BUR %
1) m/z > 400 (1) J& 565> T M 25 (K 1B), L3R5 13 /M1
s, e A LB I ) MS/MS 1 P v 5 A AL 7 A
m/z 435 i 55 DL 3B i m/z 461 18] 2 4 E () MS/MS 1
PR AL PR AN m/z 449 75 55 o X T X615 3 C-4
BT I F SR 23 R T PR A A o 1T A R Rz 1
WA m/z 433 15 50 MS/MS it B 5 25 22 57, R
TGN ZE R AR, T RUm/z 441 4 [418+Na] {5
5, 1M miz 457 WA [4344+Na]* 5 . I, PL sequoi-
amonacins A~C 25 A48 T, A7 4o b &l 1 Hp %
TS MS/MS 15 B, DL K 25 AH AL 1) W8 Ul 2R AL S )
SER S FL AW B BOS R AR IE, o TR B LT
T B FTR I T A E BB SE R, BRAGE Y 3 8 CARIE 1)
talaroilone A"", H. 4% (4~9) BN L& W, AKX A
% N sequoiamonacins E~J. {HFERE I Z, L&Y
3~9 Al 8l C-4 MIBE B0 25 44, AR 58— DAk &5
R AR

5 40 35 M 4k & 9 1~9 ) MS/MS H5#1E 1 F 2 7
(K 2), K I1Z g R L AP0 B R 34 15 52 B L A
PE: 1 5 35 R FE i T 46 B K [M-H,O+H] " Bt & [M-
CO,+H]", % BT i 1% 45 & 18 Da 5 44 Da; #A J5 C-15-
OH kA i S B K ; 155 4 T C-4 F1 C-9 19 5 /N
BE 43 0 A BT 2L, T B = IR U B . B 2 4
W T AED) 3 MS/MS R fFiEE, RE T R &Y
MIZLRINEE . LAk, th &P S A6 ¥ L T R Il &
Pk L 08 W (93 I RE T m/z 433 Flm/z 417). L&)
7 A8 BSR4y T B AN E, MS/MS R BT miz
415 fim/z 38915 5, (H 2L &9 736 BB T R 1 “ Bt
K+ 355 (m/z 401) DL K i R+ Bt K S 5
(m/z 357), KW AP T C-15-OH # F H 4k b &
V)8 M H LT 45 1 “ WK+ A5 5 (m/z 413) DL K
“PRIR+IL K ST (m/z 371), 455 V8RB & C-9
] 4 45 P R AED ) HED AL &4 8 1 C-16 7 iEHE T —
AMHE, LEWIKIMS/MS HHEL T 2 H— A
ZWREAES (n/z267), FHHLRE L2 H AR,
It Hig A ReERET C-7", XL AP MS/MS i
FOREE AL ) 45 R TR At T A
4 IhEE

AR5y T W9 24 SR A T R FH T L B BT ALK
U =248, MIEFE TR Talaromyces sp. HK1-18 &
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Figure 1 Full molecular networking of the fungal extracts from Talaromyces sp. HK1-18 (A) and analysis of the azaphilone cluster (B)

Table 2 Observed MS/MS fragmentation ions of azaphilones

Compound Molecular formula MS (m/z) [M+H]" MS/MS fragmentation ions (m/z)
Sequoiamonacin C (1) C,,H,,0, 419 401, 375, 357
Sequoiamonacin A/B (2a/2b) C,,H, 0, 419 401, 375, 357
Talaroilone A (3) C,,H, 0, 435 417,415,391, 389, 373, 251
Sequoiamonacin E (4) C,H,,0, 449 431,417, 405, 389, 373
Sequoiamonacin F (5) C,H,,0, 477 459,433,417, 399, 373, 355
Sequoiamonacin G (6) C,;H,,0, 461 443,417,401, 399
Sequoiamonacin H (7) C,H,,0, 433 415, 401, 389, 357
Sequoiamonacin I (8) C,H,,0, 433 415,413, 389, 371
Sequoiamonacin J (9) C,.H, O, 451 433,431, 407, 405, 389, 267

[-H,] O] [M-H,0 + H]*

100%-

-~ OH o~ oH 0
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Figure 2 MS/MS cleavage pathway of talaroilone A (3)
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T 77 00 BT T F 0 93— D9 % v B2 L 1 2 28 = 3 g R0
sequoiamonacin 2 AW ¥ 73 1~ B 1%, FF DL 23 &5 %5 € 1)
sequoiamonacins A~C 45 f4 Jy JE Al % 70 7 % v Rl
DIFe 1 7 A~ v B A& ) 458 (3~9), Horh 4~9
RHAEY) . ZBAE DD MS/MS 2 5230 H R
P, 2 B K B AR A A T RE SRR Ry, B
AR H = W %M BE 4% . Sequoiamonacin C (1) & F
PUARIENE o AL B U AL 5 0 1) v RO i 2 Ak
2% MRS G o B R O . B e
HK1-18 (] PDB $ 77 4 K 1 7 ) Hh (1 g U 2R A0 5 4
FeE K, BRI 7 B 3K 15 T sequoiamonacins
A~C,HFEN4~9H T2 RKKLESE. &
TREZH W 24k 220 A0 B HK1-18 (5 77 25 1F, e mmE A
e RS 7 &, LA 4y B3R 45 Ho b i A &
W, NZRAE W BB RTE PEPE LR 38 R TR
SRR

SCIGER 4T

151 43 3% )7 151X Micromass Q-TOF (3% [E Waters 2
F]); 125 BH R 5 BE F AX Bruker amazon SL FAZ 14 3 4R
{X AVANCE 600/400 ({# & BRUKER /A #); WTF-203B
e A8 25 Ah A A (RS R A BR A |); QYC-
2112B WUZRRIR (g S B R A IR A A); L-
2000 & 25R 3% 4 HPLC 3K ] € H (Kromasil, 250
mm x 10 mm, 5 um) ( H 4% Hitachi 23 #]); R-210 g §% 7%
KA (H A Buchi 2 #); R ¥ 2 BE R (&1L A
TR TE R A BR 2 7)), A il fk ke 200~300 H (F &1k
T J); #E K Sephadex LH-20 (3£ [E Amersham Biosci-
ences A F); A X ODS (3£ [E Unicorn A #)); Wi AH
Bt Bl g R (R DU AR A = A IR A ], 2R
P B2309201); $i BRI 4 5 i A A I (AR PR LS
P2774893). L% £ W5 (A= P24k 5 : P2387644) . — & H
Fe (4 77 S P2387644) f1 i EE (4 PR 5
P2152622) 5535 Ry 43 dr 4l 7= b (B 24 48 B0 % X FH
FRA ).
1 HEHRRIE

Ve FU TR HK1-18 73 B8 T 5 AR B 20 Wbk 1 48
PRI X (1) AR bR LA W, &0 TS LR
Y5 %€ N Talaromyces sp., 2 ITS-rDNA [ 5| B 442X £
Gen-Bank, &35 5 OP626088. 1% 1 Mk Bl A# 17 T3/
KBRS TR Bl e R 5 H AW AT .
2 AR ERSSS

RV KA PDB ;7R 5 (581 L N TilgKHhnA
20 g i %) B, 200 g - SR HK) #EAT K BE, B 1 L
N 400 mL B 75 5k, SEOR I 10 L, = iR B 5 R

30 KRG 4R R

PRI T 2 At B A RD R BV 4 28, R R IR
SR TR LR LERZERLS IR, JR R 4 )5 15 2R
H14.2 g

gy B bR AR B SR s R OAE i, DL
EtOAc—£7 M B (0~100%). MeOH-EtOAc (0~100%)
R FUHEAT B BE VR, 208 11 AN 4Ly (Fr.l~Fr.11), 3
W Fr.4 4 TLC W B 1 B & 5 B A, 415
T J A H6fs 52 3 JBE (BtOAc— A4 T i, 20%~100%) 43+ 5
315 Fr.4-1 M Fr.4-2. Fr.4-1% Sephadex LH-20 A¥: {4 il
(MeOH-CH,CL, 1:1) L &2 HPLC (60% MeOH-H,0)
DEIREE Y (5.6 mg, £, = 28.5 min). Fr.4-2 %
Sephadex LH-20 F: 1% (MeOH-CH,CL, 1:1) UL X% ODS
&3 (50% MeOH-H,0) 77 % 15 % 2a/2b (10.3 mg),
b4 9 2a/2b 4 HPLC 73 #T (55% MeOH-H,0) N H.—
g (1, = 45.0 min).
3 ATEMEMIR

T SC 8 I 4B TN B S A A P R BT 8 T
RFEIRE N 12.5 ugmL"'. SR KA BEH ) Mouse
IL-1a ELISA Kit £ il 12X 7] 5 (Bl BC G 928 W B 925) Nl 7
b & W 0B 980 T, 3 0 A O /N BRI A e
RAW264.7, DMSO 1 2= [ % &, A5 2 8 1 4 BA v Xt
FR, i FE R AR E A BE X B, B4 % = AP AT SRR, &
WWEE R RS, B OCINATE 450 nm AL TR
e, R EYI SOER T IL-1a WK . &b BE Ty
A A =P AT SRR, BT3RS 1 £ 4 A 1IBM
SPSS Statistics 19 84 50 #r o« F H &/ i 3% 22 $ok
(least significant difference, LSD) X} + 77 Z & # K K &
AT Z EE . MP<0.01 R EWZE WG ZER
B FURMGI R AXNIIEE = (1 - &Y
IL-1a ¥ % / B Z M IL-1a 3 %) x 100%.
4 LC-MS/MSMR5 5 FMLE 5t

K FH B B AR B B AT R D . R A
YMC-Park-C,, (250 mm x 4.6 mm, 5 pm). iz A K
MeOH-H,0, ¥t # 0.8 mL-min™", 1 & 3 it 4 1 1 1
0~40 min, 10%~90% MeOH-H,O; 40~45 min, 90%~
100% MeOH - H,0; 45~50 min, 100% MeOH - H,0.
B8 uL. JR SR A IR B T, B RN ESI
TR, FHEEE 9 100~2 000 Da.

¥ mzXML #% 2010 ot 1% £ 45 b A4% %2 GNPS 40+
T EamES TG, BRESEREN: TS TR
FRZME 1.0 Da, B J7 & 7 it B 1% Z4H 0.3 Da, ULELHY
MS/MS W} U > 4, 5 S22 A A G R 541E > 0.6, Fe#&
A2 B TR 4y - 9 2% 1L 1 Bl Cytoscape #R44F SZ B AT
AL .
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& TTMK: B 5% WK 5 PR T 20 1 IO 2% A AT R 1 SC A0 A 43
Gy B TE R T AW S MRS VR 6 BE BE
FEM T LC-MS/MS AR, S HEAEE T 50 7 W 485 R L&A
W 3 5 T T PR ORISR IG PRABOBETE T SEIR T R IE T
SCHAT 1B EONIER 5

FUTE S PrA & 275 A EAE R 2R 7R
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