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Isolation, identification, and bioactivity screening of
dioscysmycine A and polyketones from the deep-sea-derived
fungus Talaromyces muroii SCSIO 40439
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Abstract: [Objective] To isolate and identify secondary metabolites from the deep-sea-derived
fungus Talaromyces muroii SCSIO 40439 and evaluate their biological activities. [Methods] The
strain SCSIO 40439 was fermented on a rice medium. The resulting extract was subjected to
silica gel column, Sephadex LH-20 column, and semipreparative high performance liquid
chromatography (HPLC) to obtain compounds. Structure elucidation was performed via high-
resolution electrospray ionization mass spectrum (HRESIMS), nuclear magnetic resonance (NMR),
and X-ray crystal diffraction and comparison with literature data. Antimicrobial activity was
assessed through the filter paper disk diffusion method, while tyrosinase inhibitory activity was
measured based on the rate of dopamine oxidation. [Results] Four compounds were isolated
from the fermentation extract of 7. muroii SCSIO 40439, including a new orsellinic acid-
cysteine dimer dioscysmycine A (1) and three known polyketides: alternariol (2), altenusin (3), and
3'-hydroxyalternariol 5-O-methyl ether (4). Compound 1 exhibited tyrosinase inhibitory activity
with an inhibition rate of 58% (the positive control, kojic acid, showed an inhibition rate of 90%).
Compound 2 inhibited the growth of Staphylococcus aureus ATCC 29213 and methicillin-resistant
S. aureus ATCC 43300. [Conclusion] This study expands the known structural diversity of
secondary metabolites of Talaromyces and identified a candidate inhibitor for tyrosinase.
Furthermore, the findings provide a new biosynthetic gene cluster of alternariol.

Keywords: deep-sea-derived Talaromyces; orsellinic acid-cysteine dimer; tyrosinase inhibitory
activity
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VRV R T LA DR R B A A PR, Ak
05 Bl 2R A i S AR AR, R AR A
B IR SRR KRR P R R R, 3
ok, B R WNIEFREEE D A T — R
St . WM A Y. B, N
75 T JB B 1 (Penicillium sp.) SCSIO 41512 3k
4 Z IR ICHE AL 5% penicimeroterpenoidst;
M AEFAE AR T B B (Penicillium herquei) GZU-31-6
o> AT B B B VR TR IR DT Rk & 9
penihemeroterpenoids® ; 3 = = R I AH {1 - 45
4 (high-performance  liquid  chromatography-
ultraviolet, HPLC-UV) S [1] 40 B, M UAEVF B2 7
(Eurotium sp.) SCSIO F452 Ff %5 H 37 50 5 g ok
AT A W 6 W AAISY DA AL A A Bk 6 T8 (Fusarium
verticillioides) G102 "1 /41 #5453 2| GE{E ¥ Huh-7 40
Jts AE [ B A0 HE 19 20 63 R IR N iR 2818 & 9
fusarolides, ZISMLG W) HA M-I N RIS
SERY R B SRR AR PRV LA
WA =g it Z B P St e &9,
TN M\ A2 i B J& EL B (Medicopsis sp.) SCSIO 40440
o S P A AR A ZE TR (Fusarium oxysporum f.
sp. cubense, Foc) tropical race 4 (TR4)E RS T
ZEMR 2581k &) MK8383s!®; A [ € il 4 B i L
W (Parengyodontium album) SCSIO 40430 #1545
ELA P H 42 78 bR 4 ¥ €67 %5 BR B (methicillin-
resistant Staphylococcus aureus) shhs-A1 FNZ51 57
K ¥ F (Mycobacterium tuberculosis) H37Ra R
{14 2R - 1k IR i 25 1. 45 %) phomalichenones™; L)
Ke N i 7E il 5 8 B TR (Aspergillus sp.) SCSIO
40435 oy B AR RITEPEOL T-REZ 1Y AR ML g IR
14 lipounguisins!'®

R R 8 (Talaromyces) B B AEIFE R IR 7= )
W& 2 0T, Jageit, A 2016 4ELKR, ©
AA () T8 A 5 R U5 1 PR R s v 8 e
500 ZANIE R GARE =, HA 2y 45% R
RA N RIS . DA R
VR TR (Talaromyces siglerae) F13D0211 H143 5545
FH 0 PR K talaromides A-C, talaromides A
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1 B HA 6 PANC-1 Jig Bt 9 4 M 32 88 09 7
ST O B B Sk YR 05 R B (Talaromyces sp.)
TJ403-AL05 1 73 &5 1% 2| #Y duclauxin & {1 1)
taladuxins A-N, ZKEEEH XTI IT 4- 25 AL
VR 7 SO 40Tt A P S o e U DL R AT
B AR PN A= 5 IR T8 (Talaromyces sp.) INQQIJ-4 14y
BSEHAUY 3,5-Z HH BLE EERCR R Y e 2k
£ talaromeroterpenoids A—G!'*!,

TERTOT I, A — BRI DT ) OK
3997 m)ﬂé‘]ﬁé\ ﬁ#j‘((Talammyces muroii) SCSIO
40439 BT C-16 i B HH REHUCAY 2544
R 1) 20 R At 3R 241K W) talacharasins!'®, %5
FITZ A PR I AR A Ty, i — 242
P HA S Z RN, ARSI AR AT T K
Figw, IR IR GACE 7 1y vh 23 125 58 2 B
() 5 T - 9F 2% B 44 K (polyketide synthase-non-
ribosomal peptide synthetase, PKS-NRP)Z4 & 5
A& dioscysmycine A (1) K 3 /> B AT R B 24k
A Y(2-4) (1), L3 PKS-NRPS 245 %
RTE BAR BRI, AR E S HRE iR
GV S E | ARG R AR T SR
TETHEPET .

1 A5

1.1 #
1.1.1  E#RKRIE

AWFFEFTHERR SCSIO 40439 T~ 2019 4E 7 H
MAHF(17°82.99'N, 116°76.60'E, /KI% 3 997 m)
KA R TURRRE it o3 B A5 31, ITS P4
SE MR B (T muroii)'®
1.1.2 #EZHEHE

FOKHEFR I (g/L): KoK 660.0, ¥HEEr 19.7,
HEZ R IR I (g/L). #eF 600.0, 7HFE: 36.0, PDA
Wb B AR (g/L): SR B A MK 24.0, iR
¥ 20.0, ¥#EEh 30.0. PDB bR S(gl): &
AR 24.0, VLR 30.0, ME [E{RR; 773
(g/L): ZZ 242U 20.0, ¥ h 30.0, BNk
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Bl HWav-4mtFE R EREHE
Figure 1

20.0, PDA }i7Rbk(g/L): HhE I MK 24.0,
Rk 20.0, LB K533 (g/L): A A 10.0,
WEREE By 5.0, NaCl 10.0; LB [E{A 5 35 345 4b
AN 20 g/L BARKD) .
113 $EREME

I Sl I A EE ol I I
(Staphylococcus aureus) ATCC 29213 . K Iy ¥
W (Escherichia coli) ATCC 25922 . i & 28 fl 4T
W (Bacillus subtilis) 1064 . ) S AN o T &
(Acinetobacter baumannii) ATCC 19606 . THE T Tk
R B (Micrococcus luteus) SCSIO MLO1 , i H 48
P Ak (methicillin-resistant) 4 5 {4 i % BR &
(Staphylococcus aureus) MRSA ATCC 43300 55
6 MRANTA , LA NARAISE T o8 (Fusarium oxysporum)
SCSIO IF01. i &% #% {4 & (Alternaria solani)
SCSIO IF10, K& ffl s JH W (Colletotrichum
gloeosporioides) SCSIO 1F08. & 41 /% JH

The structures of compounds 1-4 and X-ray crystal structure of compound 4.

(Colletotrichum gloeosporioides) SCSIO 1IF14, 3
SRR 2 5 B (Valsa mali) SCSIO IF13 FIAGE AL A
7= 9 T (Fusarium oxysporum f. sp. vasinfectum)
SCSIO IF04 45 6 BRAEYN Bl . DL B3RS
PRI T 9256 % R
1.1.4 EZRGHFILEE

L-2f: bt 2 2 (L-Cys) . D-2F it & iz (D-Cys)
ks ON, JeatE REFHEARA R A
% [ (L-3, 4-dihydroxyphenylalanine, L-dopa), |-
13 22 SO AR AL B B AT BR A W) 5 I IR
S B AR RA R g, BB
T AR AT IR A

5 ¥ 1% JL PR (nuclear magnetic resonance,
NMR). &8 “ITHIE] S, Bruker A H]; JiE
HIEHE{L, Anton Paar A F; SRAMEIEAL . £L4k
Je AL, Shimadzu A ® 5 £ T g B A5 AL,
PerkinElmer A H]; AHGER (AR, YMC 23
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H; ESORAR IR, Agilent 23] 5 Pl A ERL
WA EAL, H AT A%k, Phenomenex
INT
1.2 BEHRABETHIE

E Bk T muroii SCSIO 40439 & s 7 W 15
F5 . BHZBMREER T 50 mL &R A) PDB 1535
$, BT 28°C, 200 r/min £&1F FIRGH R 2 d,
DL 10% Ry3Eh i 2 i e 2 ME. KOK R
3 FPRE AR SRR, FRERAA T RR 30 do
R TE IR WOR TR 224K, A SRR T i i1 7
R, 2RO 2080 R W 4 AR A A3, DA
F A2 5 I A T 1o RATBURE € 33 (HPL.C) RGN 4347 o
T 6 LU [ RS FR 5 A B 7 Wi HPLC g A
PEAG R AR = 1 e B B i, Tk i
Y EE SRR SR TR S
KK
1.3 E& T. muroii SCSIO 40439 K 1&
[&] {2 %& B Fn £ BY

KK R 555 . K Bk SCSIO 40439
BT 50 mL SR PDB Ki %k, 7E 28 °C,
200 r/min 254 FHi 3% 2. d, F% 20% (132 Fh L6
SRR A DAl 50 kg MOKEMARESRIE, #EE
%30 do RERZEAGWAR 2244, DL 1:2 RFY
Fb A TR TR AT R AR B, it R R A AR
3K, B IFRBORE R AR . Bt TR X v
ARMAEI 3 K, G vk 4 Ab BRAS BRI .
1.4 E& T. muroii SCSIO 40439 F5E 4
KRB IR 7 B AL

HAFRHLR T (224 ) i Jeilad ek e ik (i ik
1155 B (A i/ £ FR g = 100/0, 95/5. 90/10.,
85/15. 70/30. 50/50. 0/100; HIEE. 100), HLT
2 {11 (thin layer chromatography, TLC) 1554
MR €532 (HPLC) 20 A 45 3 & O Ve i i 43, 4t
45 8 44 Fr.1-Fr.8, b Fr.8 gF— 24k
A 3%, DL A7/ BE(100/0. 90/10. 80/20.
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70/30. 60/40. 50/50) &% FE ¥, 24 TLC K
HPLC /& 515 7 > 185 Fr.8-A-Fr.8-G.
T Fr.8-D &Kl s AH, DL SIE/KIAR (A
#H: 0.08% HCOOH/H,O; B #H: CH;CN)%: ik
Jit(30% B S EMEE 1 (13 mg). 4153 Fr.3 4
S A 533 (octadecylsilyl silica gel, ODS), &
FHZNEKIRZ (A #H: 0.08% HCOOH/H,0; B #H:
CH;CN)BEEEVEML, VEMLAS 21 7 Fr.3-A-Fr.3-E.
Hop Fr.3-B S EMRERHE 35, LAl 2 R
O WEAE J VB F (100/0, 95/5. 90/10, 85/15.
70/30. 50/50. O/100)FEATHAEEVEML, 155 4 4~
13 Fr.3-B-1-Fr.3-B-4. Fr.3-B-3 £ £ WM,
PLZWEIK AR & (A #H: 0.08% HCOOH/H,O; B
HH: CH;CN)SEFE VR (35% B )4 25 4l fb 15 2]
&9 2 (15.8 mg), Fr.2 28 LH20 BRI (0, F
MEDMBEQ:DIER BT, 155 8 M4
Fr.2-A-Fr.2-H, H P Fr.2-G &2 H1&% A, L
CIEIKIRZ (A #H: 0.08% HCOOH/H,0; B #H:
CH;CN) %5 5 VR I (70% B #H) 43 85 4l AL 15 24k &
Y13 (2.6 mg)FHLEWY) 4 (8.3 mg), L& 1-4 45
e 1 R,
1.5 E& T. muroii SCSIO 40439 F )% 2%
R =R & M TN
1.5.1 #IEVEM

AW 1-4 WPTRREG MR UL R o
FIPPASL &AL A Wi T — H 3L AR (dimethyl
sulfoxide, DMSO), HCifil Bl A 2.56 mg/mL 1Y
fFEM, 120 °CLFA . IFRYPE (1 mg/mL)
YRR AN TR BEPEXT IR, 5 78 2 (1 mg/mL)fE K
FLECTE PR TR, DMSO 1E R BT IR

BB TEPE : Brds s 40 TR B R 3 FP 21 LB
AR R, 7 37 cCIERIG FAM h i iE Ak,
PRBCA V& A 2 5 mL LB iR e, T
37 °C. 200 r/min 553% 8-10 h. HUHT &f 3 4%
1%o0 PRFR 3 B0 A 8 A BE ] (1) LB [543 7 &
W, FEONRAIG R KRR (d=6 mm)
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WM R, UEAR ARG 2 em, LA YIRS
55X B A WIS wL i AR R AR A b, 7
37 °CHE IR B 3240 B B 55 5% 16 h, WLk A
KAMHMELL, R 52 SOk A T B A

FL PTG M B 48 s T1 TR TR bR A 2
PDA VAR itk 4-5d, BUEARZ) 1 cm MIEEDE,
H M 2 PDA Vb g, ZEBEREBEZ) 2 om [
SR CE 6 DN TCE UYL (d=6 mm), FEUE4L A
AL A YRR S X BEAES, S uL, AR T 28 °C
fE RS R A R B3R 3-4 d, WSS E A RKM
TR
1.5.2  ERHNHIEM

R SCHR[ 17148 1 7 2k & 1R 2 3F
A7 T T T AV ) 395 1 PR R 07 o R R T R
0.05 mol/L pH 6.8 1 PBS it # % 100 U/mL ¥ J¥
B VS W, —20 °CAR AT 45 H o JEW L-dopa H
0.05 mol/L pH 6.8 1) PBS ¥A kAL il 0.01 mol/L,
FESEAY) 1-4 FnithiiR)H DMSO Beifil>A 1 mg/mL
WEE . 7E 96 FLEG bR AR h %R 1 AFHE IS I XF
WEZH | BPEXT HRZH | AESLVALRAE s S, TR
%), 30 °ClEE /N 30 min J5, T 475 nm P K
WO RE R CRE A, BEAFEMIEE 3 AT, BUOF
PMH o A i X I U Tl 1 4T 1 R an A =K (1)
Ji7R
P 26=[1-(Asampte—Asample background)/(ANegative control—

ABlank contro) ]X100% (h

® RNER

Table 1 Reaction system

Reaction solution ~ Reaction solution volume/puL

Blank Negative Sample Sample

control control background
PBS (0.05 mol/L) 40 20 0 20
Sample (1 mg/mL) 0 0 20 20
Tyrosinase 0 20 20 0
(100 U/mL)
L-dopa (0.01 mol/L) 160 160 160 160
Total volume 200 200 200 200

2 HERS0HT

2.1 E#HBA BRI SEFETRIE

HHE ITS WP 45 28, # &k SCSIO 40439
17 F 428 2 NCBI 048 #5141 BLAST LEXT,
VEHU S AL T, 38 i R USRI M R 48
KEW(E 20). iR, HEHE SCSIO 40439
B9 ITS 745 W 4R B (Talaromyces muroii) EU14
CBSE5 KUT744629. D) R e, L 99.27%
M EAGERE TR~ BT Likbsss
% B Bk SCSIO 40439 % 5 A T. muroii SCSIO
40439, i) {d HFOK . #HEZEE FI ME 3 B [E R K;
FRIEEXZ R MR HEAT R 3%, 2t HPLC $EAR 73 #r
FEEFAM TR e 2R, KSRk
MRS 2 ST e oy Sl e 1 ST Wp s W X A ay-q -
2.2 E& T. muroii SCSIO 40439 F L&
WAL

W KK AR B 3R L B T muroii
SCSIO 40439 JR &, Mhoreigsl 4 Mes
Y, ALHE— B B e b R R AR
dioscysmycine A (1)F1 3 B HI{L-& %) alternariol
(2). altenusin (3).
methyl ether (4).
22.1 FUEDEARENT

LAY 1 IR E R, [a]5-110.4
(¢ 0.1, MeOH); UV (MeOH) Amax(log €): 284 nm
(3.6), 2552 (3.9), 2054 (4.7); IR(film) vimax
3647, 2945, 1606, 1168, 1014cm™, IEE5
F- 15 43 HE H S 28 5 §i% (high-resolution electrospray
ionization mass spectrum, HRESIMS) & 7~ UE oy
T B Tl m/z 541.094 8 [M+H] " (GFEE N
541.094 5, CyHysN,010S,) 1 563.076 9 [M+Na]”
GHEAE R 563.076 5, CnHouN>NaOy0S,) (&l 3B),
L 3 DU 5§ 38 CooHaaNyO1S,, AN 1 AT BE
12,

SFHEAY 11 H iE(E 3D, £ 2)nAH
1 ML AE S (042,20, 3H, s), 1/ HILA (S

3’-hydroxyalternariol 5-O-
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A B

C
Tree scale 0,002

bp M 1

Talaromyces verruculosus DDA2BM (MK719942.1)
[ Talaromyces flavus Tf1 (KX710114.1)
[

Talaromyces aculeatus Bf023 (MW760782.1)

Talaromyces pinophilus T0001 (MN006201.1)
Paecilomyces victoriae CBS 274.36 (JN899393.1)

Talaromyces muroii EU14 (KU744629.1)
Talaromyces sp. SCSIO 40439 (OP542425.1)

l— Talaromyces pinophilus PSRF41 (OP392560.1)

Penicillium sp. RCEF3398 (EF570358.1)
Penicillium verruculosum X3 (JQ796881.1)
Talaromyces aculeatus FU-2 (0Q804660.1)
Acremonium cellulolyticus (GU479898.1)
Talaromyces brevis DTO 307-C1 (MN864270.1)
Purpureocillium lilacinum Xp351 (PV716718.1)
Trichoderma afroharzianum (MN644728.1)
Trichoderma afroharzianum (MN644764.1)

&2 E#kTalaromyces muroii SCSIO 40439 .S F4FER 7336

Figure 2

Morphological characteristics and classification of Talaromyces muroii SCSIO 40439. A:

Morphological characteristics of 7. muroii SCSIO 40439; B: Agarose gel electrophoresis of ITS rDNA PCR

product; C: Maximum-likelihood phylogenetic tree.

5 (043.07, 1H, dd, J=13.3, 9.7 Hz; 0y3.24, 1H,
dd, J=13.3,3.2 Hz), —4> sp’ /LK 3L AR
5 (0y 4.65, 1H, ddd, J=9.7, 7.7, 3.2 Hz), 2 M a)fi;
B4 195/ D05 5 (0 6.08, 1H, d, J=2.1 Hz; dy
6.13, 1H, d, J=2.1 Hz), 3 &R EME 5 (0 8.26,
1H, d, J=7.7 Hz; 6y 9.43, 1H, s; Jy 9.68, 1H, br s).
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LAY 1 PC g 3B, % 2L 11 A
55, A8 1A EmR, 1 AT EE. 14
sp ZAL AU LK . 6 N I5 b (5 5 (fdh 2 4
sp” 2 Ak B U R SRR AT 4 AN 55 7 FR R A 5 DL L
2 MR B BE MBS 5 (Oc 168.4; oc 172.6), “C
R G SO PR E S —F, 2
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A OH
3 HMBC /X
COSY =—
5
1 OH
@)
OZ>TNH
O 9 —
10 11 1’ 10
OH OH
B
1.50 - 563.076 9 +MS
N 5410948 [M+Nal*
S [M+H]*
% 1.00F e
2 391.063 1 1+
2 0s0f 585.058 6
1+
607.040 4
0.00 2601309 0 Ll soote | [ | 57 maiss  wnoms
100 200 300 400 100 200 300 400
m/z
¢ HO OH
150 391.063 1 )
— [MI+H]* | HO OH 0y _OH +MS
=) (0] g\:
= I o)
X 1.00 N [M2+H] \ng S NH,
=] 2 o
o] L M2+ H]' S
E 0.50 [ ] o]/’\AoH 270.043 2 r MIH]
o "oH 540.185 8
0.00 L 1 241'030? 1 L |I| I L 3 L
' 150 200 250 300 350 400 450 500 550
m/z
D
: 2 . osgs  BIBRR2WY
o o T Tgs
\
N
L r:\v ;‘ 1 ‘O'\ ‘2\
10 8 6 4 2 ppm
E
o 11 i
| o
L0
| | | 1 |
200 150 100 50 0 ppm
E3 HEMIRE. ZHALEXEE
Figure 3 The HRESIMS, NMR spectra, and correlations of compound 1. A: Key COSY and HMBC

correlations of compound 1; B: High-resolution electrospray ionization mass spectrum (HRESIMS) of compound
1; C: MS? spectrum of 1; D: "H NMR spectrum of compound 1; E: *C NMR spectrum of compound 1.
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=2 LAYIH'HAIC NMREHE(DMSO-dg)

Table 2 The 'H NMR (700 MHz) and "*C NMR (175 MHz) data of compound 1 in DMSO-d;

No. oy, mult (J in Hz) Jc, type COSY HMBC (H to C)

1 138.6, C

2 6.08,d (2.1) 108.9, CH H-4 C-3,C-4,C-6,C-12

3 158.9,C

4 6.13,d (2.1) 100.5, CH H-2 C-2,C-5,C-6,C-7

5 157.0,C

6 115.5,C

7 168.4,C

8 NH 8.26,d (7.7) H-9 C-7,C-9, C-10, C-11

9 4.65,ddd (9.7,7.7,3.2) 52.2,CH H-8, H-11a, H-11b C-7,C-10, C-11

10 172.6,C

1la 3.07,dd (13.3,9.7) 39.8, CH, H-9, H-11b C-9, C-11

11b 3.24,dd (13.3,3.2) H-9,H-11a C-9, C-11

12 2.20, s 20.6, CH, C-1,C-2,C-6

10-COOH 9.43,brs
AEEY 1 N RIE R, (1 3C), MILHIIE 7 iZAG Yo i I A9

Y 1 PC B R th—HAERER PR R, NEE LAY 1 R, 7E

ﬁ%ﬁ&fnv, 254 H IS h D5 EESE S, HE

TG ERIT, #—aEa Hy-12 F)
C-l\ C-2, C-6, H-2 3] C-3, C-4, C-6, C-12,
F H-4 8| C-2, C-5, C-6. C-7 7ML HEM %
(heteronuclear multiple bond correlation, HMBC)
Wisr T AR B, AR4E NH-8/H-9/H-11 Y 5CHK
P 5 % 4 1% (correlation spectroscopy, COSY) #fl
%, H-9/H-11/NH-8 %] C-10 () HMBC A& LA K&
EW 1 X WEE AR B . W
NH-8/H-9 #| C-7 ) HMBC Ik & (0 R 45+ .
JURIE IR i B (B 3A, K 2), LEHIE
AT, BAEA W 1 R R R AR
A HEIVR —RIK, w44 A dioscysmycine A (1)
jﬂ?"llliﬁ\_%%ﬁi%*’] AT T HR KT (tandem
mass spectrometry, MS/MS) 7T, 1 i
W5 B Tk — A FH O R R M
(m/z 391.063 1 [M1+H] ), DARh a2
A R BARTE ST M2 (m/z 270.043 0 [M2+H]Y)

P4 actamicro@im.ac.cn, 7 010-64807516

A A 2681 23 0 %2 1 L-2f bt 2 2 (L-Cys) .«
D-2f e & R (D-Cys) LA S AL A 40 1 (1) FL eV .
TR LE R IR, L-Cys [ HLEVE E R [a]b+7.1
(c 0.1, in 1 mol/L HCl); D-Cys B M e ) B Ky
[a]5-7.5 (¢ 0.1, in 1 mol/L HCl); L4491 (91
JiE 6 A [a] -27.0 (¢ 0.1, in 1 mol/L HCI), 5
D-Cys —3k, ¥IAfifa, bR gty 2l s
198, 9'S,
222 BHUEMEHEE

Alternariol (2): Jota ik, 1540 # e W55 it
o o 4y 7 XA Cl4H 05 (HRESIMS m/z
257.046 0 [M-H]", T158{EHM 257.0455, C14Hy05),
'"H NMR (700 MHz, DMSO-ds) dy: 11.77 (1H, s,
OH-3). 7.24 (1H, d, J=2.4, H-6). 6.72 (1H, d, J=
2.1, H-4), 6.64 (1H, d, J=2.4, H-12). 6.36 (1H,
d, J=2.4, H-10). 3.17 (3H, s, H-14) ppm. °C
NMR (175 MHz, DMSO-ds) d¢: 165.5 (C-1).
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164.7 (C-3). 164.1 (C-5). 158.5 (C-11), 152.5
(C-9). 138.3 (C-14). 138.1 (C-7). 117.5 (C-12).
109.0 (C-8). 104.5 (C-2). 101.6 (C-10). 101.0
(C-4). 97.2 (C-6), 25.3 (C-14) ppm. Ui %54
5 CHR[18I B EE A —5, B &9) 2 #fiE
A alternariol ,

Altenusin (3): FMR, /57 P BI%5 i
gy 4y 7 Uk CisH4O06 (HRESIMS m/z
289.072 5 [M-H]", 154 289.071 8, CisH;306)o
'H NMR (700 MHz, DMSO-d;) d: 6.26 (1H, d, J=
2.0, H-4), 5.88 (1H, d, J=2.0, H-6), 6.47 (1H, s,
H-12). 6.35 (1H, s, H-9), 1.82 (3H, s, H-14),
3.79 (3H, s, H-15) ppm. "“C NMR (175 MHz,
DMSO-dg) dc: 171.7 (C-1). 110.7 (C-2), 161.3
(C-3). 99.4 (C-4). 160.9 (C-5). 107.4 (C-6).
1454 (C-7). 134.5 (C-8). 1159 (C-9). 1418
(C-10), 143.1 (C-11), 116.4 (C-12), 124.9
(C-13). 9.1 (C-14). 54.9 (C-15) ppm., &%
5 CHR[191 B B A —3, B &9 3 e
A altenusin.

3'-hydroxyalternariol 5-O-methyl ether(4): H
o dm AR, o 25 B 45 i ok
C;sH,0¢ (HRESIMS m/z 287.056 3 [M-H]~, if
H{H M 287.056 1, CisH;106). 'HNMR (700 MHz,
DMSO-dg) dy: 6.63 (1H, d, J=1.8, H-4) . 7.24
(1H, d, J=1.8, H-6) . 6.73 (1H, s, H-12).
2.66 (3H, s, H-14) . 391 (3H, s, H-15) ppm .
B3C NMR (175 MHz, DMSO-ds) d¢: 164.6 (C-1).
103.5 (C-2). 1662 (C-3). 98.3 (C-4). 164.1
(C-5). 99.2 (C-6). 138.5 (C-7). 109.1 (C-8).
141.5 (C-9). 1312 (C-10), 147.1 (C-11),
1169 (C-12). 1264 (C-13). 24.6 (C-14).
55.8 (C-15) ppm. PSS 5 SCHR[20])H B Fa A —
2, HIEL &Y 4 852 A 3'-hydroxyalternariol
5-O-methyl ether,

2.2.3 Alternariol Q)X EITEMG3-49)E K
ERFFEEMDITEEMERRRES
Alternariol (2) X AT Y (3-4) )& T L1y

REAEY), CRMHEEZREN 1A OB A
6 AN T A 50T 28 R A i B
R X T muroii SCSIO 40439 43 [H 241
(antibiotics secondary metabolite analysis shell)
AntiSMASH 43 #7!"!, 7i Scaffold 58.1 |7 fi %
— A BB TT alternariol A& WAL, %
A, AR T Y BRI 5 1l B PR (orf9) PP B
B il 3 K] (orf8) . FR AT 5L K] (orf7) . it N R A5
(orf2) N 38 B 1 5 X (orfl11) . %% 2ndFind {3
B L BLASTp 23 #r FUXS, A B orf9 St iy kit
J5i A 22 il & i (non-reducing polyketide synthase,
NR-PKS) Y /N & Fi #h & (Parastagonospora
nodorum) "' 11 5t & A alternariol (2) %) Pks19 #H
IR 75% (35 FE 100%) 2, orfo FEH 4K
5202 bp, it 1733 AEAEMR, IR
NR-PKS, i 7 i i Mk 3 5% 7% i 245 4 B (starter
unit acyltransferase domain, SAT). [ fft & 7 i
(ketosynthase, KS). Mt & 5% % [iff (acyltransferase,
AT) Fll ik HE 2% /K 25 1 (acyl carrier protein, ACP)%
FEARGE ML, FEE] Orf9 145 M SRR X 5
Pks19 FURHLTE, BIAHEDIZ 58.1 ZENFE G 5T R
¥k alternariol HA=41-& ALK 4).

MR R BER o Hr i & SCik[22], HET 2-4
4 BGEINT : Orfo HEALHT I B ITHR & A i
7 Wi R R M1, M1 £ C-2/C-7 J& C-8/C-13 [H]
() T B 47 5 AL IE B M2, B 5 FR BB T Orf2
AL N ERfb R AE UL A 2812420 (k& 2
iF— 252 LA Orf8 F¥Z AL Orf7 %
a4, WAL S AL SOBITUT AT BEAF
FET A, 53— 7T, MI UL AT GE7E 5 5% I A il
(short-chain dehydrogenases, SDR) 1Y £ H T ##
C-9 Bl JE0 I PRk, kM 23246 & . Wik
FIH AL 5L R e & 3520, BT
MEN R IE BB SDR,  HEMI 204 520 T e A Ak
PR 4).
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Figure 4 Proposed biosynthetic gene clusters and pathway of compounds 2—-4. A: The proposed biosynthesis

gene clusters of compounds 2-4; B: The hypothetical biosynthesis pathway of compounds 2—4.

2.3 E& T. muroii SCSIO 40439 it &
DR e RS
23.1 EEMSEL

K IR AR A VA T A Y 1-4 BIPUETE
PE o A TR AR G 45 4 v (0 8 49 3K T (S, aureus)
ATCC 29213, R #F Wi (E. coli)y ATCC 25922,
i B 2F 46 KT 3 (B. subtilis) 1064 . ] S Kz #T
W (4. baumannii)y ATCC 19606 . J# & {0 Bk B
(M. luteus) SCSIO MLO1 . i FT 42 7 Ak 43 25 {0, 3
i BRH MRSA ATCC 433005 DA K 6 HRAt ¥ 2o
FLE . Ak T (F oxysporum) SCSIO IFO1 .
il B A% 761 B4 (A. solani) SCSIO IF10 . B2 8 5¢ Ji
B C. gloeosporioides) SCSIO TF08 . fixt 461 7% JH. B
(C. gloeosporioides) SCSIO 1F14 . 3% 5 B Ji& iz
F& W (V. mali) SCSIO IF13 F1 4 € # 25 /5
(F. oxysporum f. sp. vasinfectum) SCSIO 1F04,

U E PRI E 25 RN 3 iR, thEY 1.
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3. 4 XY 6 BRANTA A 6 PR LT B AR T
TR LAY 2 X 22 B B B 4 v (R
AR (S. aureus) ATCC 29213 FITif F A2 74 Ak 43
(8,74 2 3K 5 MRSA ATCC 43300 £ A= K 10 1l
WM, B ELAR 2 A 10 mm (FHAE XS RE
d=22 mm, JE4LH d=6 mm) 1 8 mm (BH X} ]
N d=21 mm, JEACH d=6 mm), 55T FHME
XHRIR TNV L 5 A Ak A 4 %ot T 2 G 0 o
T
2.3.2  BgHPEE M LIS

W TALE W) 1 A 2 #E 1 mg/mL ¥ &
R BRI, SRR N 4 B,
R I ) 3 BN AR B A 9 1 X I = B il
A 2R 58%, Ab-GH 2 %o i 24 1 il 174 411 i
SRR A9%, B X R g 7 T 2 g 17 A0 o R
7 90%.
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Table 3 The antibacterial activities of compounds 1-4 (4, mm)
Compounds E. coli A. baumannii S. aureus MRSA B. subtilis M. luteus
ATCC 25922  ATCC 19606 ATCC 29213  ATCC 43300 1064 SCSIO MLO1
1 - - - - - -
2 - - 10 8 - -
3 — — — — — —
4 — — — — — —
Ciprofloxacin 24 21 21 21 22 19

—: No antibacterial activity.

=4 WAMF2EE RERESHIHDE AN IR

Table 4 Tyrosinase inhibition activities of compounds 1 and 2 (ODy7s)

Item Compound 1 Compound 2 Positive control Negative control Blank control
A 0.15+0.010 0.18+0.007 0.07+0.003 0.30+0.008 0.05+0.001
Ay 0.05+0.002 0.05+0.004 0.04+0.001 - -

A: Average+SD; 4,: Background average+SD; —: No data.

3 WREER

IR TR R L A ™ B s ik
PN, QIS R REUR. A
[N 2N I ST UN I 1 S /R SO = S
My S oA SRR 2R SR A5 M 28 B, X BB R AR - )k
IRGTANE . PLRFZ R EWTEIE, 1E25W) 5
SALAY R T BoR HE B U AR
IR B G T2 o R 2% 5 T8 i [ 9 — SR A4
dioscysmycine A (1), F& I iZB G WHI45H
KA, HETEA A RA Y FEED T
Lo _FRERA G Y, a1 R
B 7w sl S YA, AOCER
B LRI EE— BT

TEIGVETR L, A BALE W 1 % i 22 i
(tyrosinase) T TG . B FRBEAY L ERIA S
FERE . ERRBEAGEAROCE PRI 54k i A Y
TR R T 2 2 AT T 500 6 T B R 36 1 i O A L
A EER N HNE . B 1R KR B R
e R IR, A Ay i TR T I o 5 4 AT
BARME—ETER S R B

Alternariols J& T 2 X 35 R KRB 5V,

R IR R, 5 RE . KRR
AR i, R HHEE A AT BEXT A A fa R i T AR
RESEI, A e J b B W B A A Bk A% AR
A 2B, BT NEEIEYIE BHLE] R A B
Hfle22200 ARG ARAIL T — 48T alternariols A=
YA R N, R LA R AR Y e B AL T
IG5 o

g LTIk, AWEIEE i b 2R BT
IR AIREL S T. muroii SCSIO 40439 HEE T
4 DREAERHA LS Y (1-4), Hieaw
dioscysmycine A (1)>4 B U 2 3B 187 20 1) 5 €2 1t
ez R A BT L TR — R A R 67 1
alternariols AP A LR, S T EME
W, BT 4 ME S BT R B
TEYE LA A1 1 RN 2 1) G 2 1 T 0 o1 3 e
A1 A A TR B RS, Peom HAE
RGN, RS S kAt
filh, 7] Es Ay % I I 3 P A0 ) A 3 A A Y
B

BUs
TR R e i VR TR S T 0 PO A

http://journals.im.ac.cn/actamicrocn



3000

YIN Miaomiao et al. | Acta Microbiologica Sinica, 2026, 66(6)

&Y E T BRI B
& STk PR

FVHE . LB YITEEE | IESURE RENG T
T B RRT . AR R A X
o PPIDSERARAE; KA EUIE. eUBRSH
D5 JRSCE: BlR i Sie B .

{r& Pz R R A I A RA

VEF P IR ARAL AT ] RE 2SS M A SOl iy TAR
D IREI 2y E T N S

S

[1] Carroll AR, Copp BR, Grkovic T, Keyzers RA, Prinsep
MR. Marine natural products[J]. Natural Product Reports,
2024, 41(2): 162-207.

[2] Carroll AR, Copp BR, Grkovic T, Keyzers RA, Prinsep
MR. Marine natural products[J]. Natural Product Reports,
2025, 42(2): 257-297.

[3] Carroll AR, Copp BR, Grkovic T, Keyzers RA, Prinsep
MR. Marine natural products[J]. Natural Product Reports,
2026, 43(1): 89-131.

[4] Cheng X, Liang X, Zheng ZH, Zhang XX, Lu XH, Yao
FH, Qi SH. Penicimeroterpenoids A—C, meroterpenoids
with rearrangement skeletons from the marine-derived
fungus Penicillium sp. SCSIO 41512[J]. Organic Letters,
2020, 22(16): 6330-6333.

[S] Deng HM, He JX, Chang BL, Li QC, Liu YN, Zhao ZX,
Liu ZQ, Cui H. Lipid-lowering meroterpenoids
penihemeroterpenoids A-F from Penicillium herquei
GZU-31-6 via targeting the AMPK/ACC/SREBP-1c
signaling pathway[J]. Organic Letters, 2024, 26(16):
3424-3428.

[6] Zhong WM, Che YH, Zeng Q, Chen YC, Wang JF, Tian
XP, Yin H, Wang L, Wei XY, Zhang WM, Molnar I,
Wang FZ, Zhang S. HPLC-UV-guided discovery of
eurotamines A-F: Si, pairs of isoquinoline derivative
enantiomers from marine-derived fungus Eurotium sp.
SCSIO  F452[J]. Organic Letters, 2025, 27(43):
12006-12011.

[7] Dong KM, Zhang YH, Liu Y, Li G, Lou HX, Wang KW,
Wang LM, Peng XP. Fusarolides A-C, three pyran-
macrolide hybrids from a marine derived fungal
Fusarium verticillioide G102 as Asialoglycoprotein
receptor 1 inhibitor and phytopathogenic fungicides[J].
Organic Letters, 2025, 27(8): 1769-1773.

[8] Zhou TY, Qiao YL, Wang L, Li ZF, Zhang HB, Zhang LP,
Liao SR, Li MH, Zhang CS, Zhang WJ. Discovery of
MKS8383s with antifungal activity from mangrove
endophytic fungi Medicopsis sp. SCSIO 40440 against
Fusarium wilt of banana[J]. Marine Drugs, 2025,
23(2): 88.

[9] Wang L, Huang YB, Zhang LP, Liu ZW, Liu W, Xu HX,

P4 actamicro@im.ac.cn, 7 010-64807516

Zhang QB, Zhang HB, Yan Y, Liu ZY, Zhang TY, Zhang
WIJ, Zhang CS. Structures and absolute configurations of
phomalones  from the coral-associated  fungus
Parengyodontium album sp. SCSIO 40430[J]. Organic &
Biomolecular Chemistry, 2021, 19(27): 6030-6037.

[10] Ye WX, Liu K, Liu W, Chen XB, Ding XM, Tian HY,
Zhang WIJ, Zhang CS. Novel lipopeptides featuring
unusual C-C and C-N linkages between cyclic peptides
and fatty acyl chains[J]. Chinese Chemical Letters, 2025:
112293.

[11] Phi KH, Heo EJ, Kwon S, Youn UJ, Lee S. Bioactive
secondary metabolites at the ends of the Earth
(2015-2025): insights into Arctic and Antarctic aquatic
sources[J]. Marine Drugs, 2026, 24(3): 93.

[12] Nicoletti R, Bellavita R, Falanga A. The outstanding
chemodiversity of marine-derived  Talaromyces[J].
Biomolecules, 2023, 13(7): 1021.

[13] Cho Y, Park KH, Kim E, Kim S, Wang WH, Choi H,
Kang H. Talaromides A —C, bioactive cyclic heptapeptides
from Talaromyces siglerae isolated from a marine
sponge[J]. Journal of Natural Products, 2024, 87(4):
1230-1234.

[14] Zeng HX, Wang YX, Wang CY, Huang YH, Lin S, Wei
JC, Sun WG, Cao F, Zhang YH, Hu ZX. Structurally
diverse duclauxins from a coral-derived Talaromyces sp.
and insight into determining the configuration at C-1 of
heptacyclic duclauxins by 'H NMR[J]. Journal of Natural
Products, 2024, 87(11): 2592-2603.

[15] Wang GS, Li ZK, Wu JY, Yang WC, Li H, Pang JY, She
ZG, Chen Y. Mining of meroterpenoids with anti-
inflammatory activity from the mangrove endophytic
fungus Talaromyces sp. INQQJ-4 by genome analysis
and molecular network strategy[J]. Organic Letters, 2025,
27(7): 1662-1667.

[16] Ding XM, Ye WX, Tan B, Song QY, Chen YC, Liu W,
Sun LL, Tang W, Qiao YL, Zhang QB, Zhang HB, Wang
Y, Zhang WM, Zhang CS, Zhang WJ. Talachalasins A: C,
undescribed cytochalasans with a 16f-methyl or
2-oxabicyclo [3.3.1] nonan-3-one unit from the deep-sea-
derived fungus Talaromyces muroii sp. SCSIO 40439[J].
Chinese Journal of Chemistry, 2023, 41(8): 915-923.

[17] Zheng ZP, Tan HY, Wang MF. Tyrosinase inhibition
constituents from the roots of Morus australis[J].
Fitoterapia, 2012, 83(6): 1008-1013.

[18] Wang XX, Deng BQ, Ouyang ZQ, Yan Y, Lv JM, Qin SY,
Hu D, Chen GD, Yao XS, Gao H. Targeted discovery of a
natural ortho-quinone methide precursor and green
generation of its oligomers[J]. Journal of Natural
Products, 2024, 87(9): 2139-2147.

[19] Ayer WA, Racok JS. The metabolites of Talaromyces
flavus: part 1. Metabolites of the organic extracts[J].
Canadian Journal of Chemistry, 1990, 68(11): 2085-2094.

[20] Aly AH, Edrada-Ebel R, Indriani ID, Wray V, Miiller
WEG, Totzke F, Zirrgiebel U, Schichtele C, Kubbutat
MHG, Lin WH, Proksch P, Ebel R. Cytotoxic metabolites
from the fungal endophyte Alfernaria sp. and their
subsequent detection in its host plant Polygonum
senegalense[J]. Journal of Natural Products, 2008, 71(6):
972-980.



T 5 | AR, 2026, 66(6)

3001

(21]

[22]

(23]

[24]

Podlech J. Natural resorcylic lactones derived from
alternariol[J]. Beilstein Journal of Organic Chemistry,
2024, 20: 2171-2207.

Wenderoth M, Garganese F, Schmidt-Heydt M, Soukup
ST, Ippolito A, Sanzani SM, Fischer R. Alternariol as
virulence and colonization factor of Alternaria alternata
during plant infection[J]. Molecular Microbiology, 2019,
112(1): 131-146.

Chooi YH, Muria-Gonzalez MJ, Mead OL, Solomon PS.
SnPKS19 encodes the polyketide synthase for alternariol
mycotoxin  biosynthesis in the wheat pathogen
Parastagonospora nodorum(J]. Applied and
Environmental Microbiology, 2015, 81(16): 5309-5317.
Zhang L, Zhang BY, Shao LZ, Yang MM, Zhao XL,
Wang ZY, Zhang YJ, Li YT, Wang YT, Hu YS, Li P.
Genome analysis of Alternaria alstroemeriae L6
associated with black spot of strawberry: secondary
metabolite biosynthesis and virulence[J]. Journal of
Fungi, 2025, 11(10): 710.

Sun JY, Awakawa T, Noguchi H, Abe I. Induced
production of mycotoxins in an endophytic fungus
from the medicinal plant Datura stramonium L.[J].
Bioorganic & Medicinal Chemistry Letters, 2012, 22(20):
6397-6400.

Saha D, Fetzner R, Burkhardt B, Podlech J, Metzler M,
Dang H, Lawrence C, Fischer R. Identification of a
polyketide synthase required for alternariol (AOH) and

[27]

(28]

[29]

[30]

[31]

alternariol-9-methyl ether (AME) formation in Alternaria
alternatal[J]. PLoS One, 2012, 7(7): e40564.

Lan DH, Wu B. Chemistry and bioactivities of secondary
metabolites from the genus Talaromyces[J]. Chemistry &
Biodiversity, 2020, 17(8): €2000229.

Hanley B. Naturally-occurring sulphur compounds[M]//
Natural and Unnatural Product Chemistry: from
Molecules to Systems. Cham: Springer Nature

Switzerland, 2025: 77-103.

Zhang QQ, Jia MY, Li HY, Shi TT, Xu Y, Zhao TL, Zhang
LX, Zhao PP, Xia XK. Epipolythiodioxopiperazines:
from chemical architectures to biological activities and
ecological significance: a comprehensive review[J].
Fermentation, 2025, 11(12): 700.

Namiecinska E, Jaszczak J, Hikisz P, Dasko M,
Wozniczka M, Budzisz E. Evaluation of tyrosinase
inhibitory activity of carbathioamidopyrazoles and their
potential application in cosmetic products and melanoma
treatment[J]. International Journal of Molecular Sciences,
2025, 26(8): 3882.

FEUNAR, AR, TR, kg, AR, e, S &
vt PP A2 B A 5 0 5 A Py B PP gk ) e 5 PP (], FE
2pZeils ) 2024, 38(3): 173-184.

Qi LJ, Li GJ, Ning JY, Zhang W, Zheng S, Nie YM, Gao
S. Hazard assessment of alternariol and alternariol
monomethyl ether in food[J]. Journal of Toxicology,
2024, 38(3): 173-184 (in Chinese).

http://journals.im.ac.cn/actamicrocn



