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WFFE N 53R 22 Tl 0 R 200 T 34T 4 ik TR A0 e 3
FE A% 2 B Ak 5 0 100 56 DRV BCH Al 5 D2 K, L TR R 40 7R AT
7R R ARG W 1 i B Tk B R R
WA I TE S — B R AR T P A R TR A S
W8 EARAG AR Z B A et TUUERRES . A
WEFE R B 38w R I A SR IR B U Wy B Y
Ja 3 155 2 AR B B R SR A T AE AR U )
RBACE T Wy LR W) & IR R R & 7 AR T 2 1
UK GARHE =, T R o i R oA — o T 2 A 5
AR SR B R 98 1 R I 1 9% 56 R s I — R e B A W 2R
Wa s P RE S T E A S B R AL G
JBT i 8 YR AR P 1 7 e A R R R BT R
BRI G . Valente S5 BF 5T A6 85 37 3 P Es i
AR A 5 N AE B Penicillium crustosum IX
GARH 7 W B s e, 45 R kB, TN ferulic/ quinic
acids FI¥R N cinnami/3,4- (methylenedioxy) fg % ;=
HF Ak 5 % 5 - hydroxy - 7 - methoxy - 4 - meth-
ylphthalide, Wang 2" 7E % N 2k B Spicaria ele-
gans KLAO3 ¥ 3% i #2h s in L -4 2 R #l D - (5 %
P2 LR G A3 7 v 23 i 45 21 3 o i) 40 JE s st
FAGTEDT A R LW =& X A-549 4 & TR i
20 B EE S PR P B R B (IC,) B 43 B R 8.2
pmol/1..20. 0 pmol/L fl 3.1 pmol/L, HIRFAFLF
TE K 5 WA 90, (B H ETAS I ET R 9 55t e e &

W AT TS R b RARBEIR b i) — /iR o3 U H 2
PR AE TR P T 5T o G T 3 o S T AR 0 BT B R
AR PR RR IR AR = W 1 TAE 1 0 e 1 B ER
BT .

A 5 AE 1A B 5T b & B, £0 W A i i A
(Thespesia populnea) F IR N 4 HH Talaromyces
sp. YX-001 Fl Penicillium sp. YX-002 1 5y ¥k 2 A%
WY AT RE R A RS A W me R 2Rk S . iE
i A B SCRRAS A 3 P 26 AL 25 W 1 i 1A ) ot 22 g o ik
FR AN N R RN DNk AR AT U gAY 3L A
T AR TR 5 B 44 S 4 TR (Potato Dex-
trose Broth, PDB) 1 33 2 FI1 2X [ (Czapek's) 5 95 £&,
G3M AN 2 R R A BT CHY NG 3 R R i IR X TR
PR YX-001 5 YX-002 JEAT R K W 3l aod 50 Hr 1 Ak
WA = B 7= i  HPLC 48 80 3 L 2 1k AR 66k g
fifi CAChE) M i 36 M .1, 1- 2R FE-2- = il F 2K ik (DP-
PH) F 1 535 55 A e Bt 4 10 28 1k, 58 U8 i 44
Py SR B R U G AR 7  1 B e AU R i — 2D T R T
¥k Talaromyces sp. YX-001 Fll Penicillium sp. YX-

002 UG ACHE ™ By 19 BF 52 S 25 ) 56 5 e & B9 % B
BEE FE il o

1 MB5RFE

1.1 ##
1.1.1 ##

WA B Talaromyces sp. YX-001 F1 Penicil-
Lium sp. YX-002 5351 R4 F 7 AR W VL2100 b I 5% 1
H AR PR XA LB AE P 4% i 1 BE (Thespesia popul-
nea ) I AR BB AT, 8 o H | ITS 514 ITS1 H
ITS4 ¥ 3 B DNA JF5, i3 i 565 91 £ Gene-
bank "1 F Blast #E47 #E LA AE AU 3BT . 2 501 5 0 Ky
Talaromyces sp. (Genbank % 3 5 : MN826194) #l
Penicillium sp. (Genbank % 3% 5. MN826202) , #1
BIRAE T AR U 1 K 2% B 5 R 2% B 18 V2 1 OF
FHT .

1.1.2 &4

PDB 15 77 5 . AR E £ 3 500 mL | 4 4 % 20
g EEWR S g FIiEE: 20 g, IMALIKERZET L, BT
o K T 88 K 5 30 min (1 X10° Pa) , 5 H1,

Czapek's 15 % 3 . FREUSEHE 30 ¢ K, HPO, 1 g.
KC1 0.5 g.MgS0,0.5 g.FeSO,0. 01g.NaNO,2 g
WER 20 g, MAGIKERETLHT pHHEE 7.2+
0.2, 8 T & M KW KA 30 min (1 X 10° Pa),
#=H.
1.1.3 KA LGB

HAR Y 5 W N R R LUK R R Bk AR LA 5%
R 3 PR S R, Y BC I 10 mg/mL B W, &
0.22 pm JEREE I8 )G 5 H .

i . AChE (C3389) . M At & A% & Bt 1 5%
(Acetylthiocholine Todide, ATCI, DA0048) . 4= Ifil ¥
M (Bovine Serum Albumin, BSA, A1933) .DPPH
(D9132) | £k (S9883) ¥y [ Sigma-Aldrich, 5,5~
TR AR Al 3% 2K B R (Dithiobisnitrobenzoic acid,
DTNB,.D8130) g [ Ruibio 23wl , 5 H B0 [ [ %
TN S Fo A R0 35 Sy [ 7= 43 B 4

{48 : WFH-201B £ ) fig 5 40 5HAL R AE )
Sl A R D R B I A e AR (g TR
SV A R ESF 4T ), 1260 Infinity 11 & 808K
FAGEAL(EE Agilent 24D . Epoch2 il 54X (26 [
BioTek /A F]) . R-300 JiE % 78 &AL (1 % A48 A
FRAD L 32 2 B R (GF254 , 75 5 35 9L w5 97 1 AR
BHTBRAFD .
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1.2 A&
1.2.1 #F ke &

W R HE IR0 2 BRI T TR O A TR R IR A RS
B 7 (28°C VIR JE 80 %) . i J K5 175 Ak A B b 2% b 1)
S K # i PDB 55355 (200 mL) b, B T 5 B 15 97
5 (28°CHH R IR CRE %L 120 r/min) 1535 3—4 d
AT AR R & .
1.2.2 WK R A m

R 12 FLAR X B MR 2R AT i B 5% L B AL 43 0l
A 2 mL 3% 3 (PDB 15 3% 3 /Czapek' s 15 35 ) #
200 L 7. B THEE M QORI AE,
A3 A — 72 1k ¥ R0 BT AR BT CHE R R R/
AR RS LR N 1 me/mL, B4 3 4F
A7 4k S 4537 14 d.

BIARAL: 2 mL #5373 200 pL Ah ¥ . 245 pL
ARV CH TR — R R/ IS TR

Xf R 2 mL K AR AR, 200 pL B P ML 245
pl 7K,

IR .2 mL KA 200 pL BT 245 pL
5% Fi b2
1.2.3 BAARENRM =48 =% % HPLC 4547

A LR R AT Y TR R A3 3 SR B Y e R
2 3 WJF . B0 15 min (3 000 r/min) , B I 2T .
JBl W 4 AR A R AR W i K S WS - T TR L TR ZE I 3
UL PR e 4, T 1 A5 BRI 3 RO BE &L B
BiR(CSRTRE 3N

HPLC 2381 2% 14 - A 5 FH (03 2l P s 5 i, 1 o)
B EE N 5 mg/mL MR, #EAE R 10 pL, VR
20 0= 10 min, 5% — 95% [ Z i - 7K B B 3 5
10— 13 min, 95% & JiF - 7K 45 B P& i ; 13 — 17 min,
95% — 5% I M- /K B EEVEME 517 — 20 min, 5% &
- K 4 BE PR B, W 0.6 mL/min, DAD £l #%
{F5RAE WK 190 — 400 nm , A< 5256 #6003 K Ky
210 nm,
1.2.4 BAARRERM = oy £ F Wy

(1) AChE il 3% #4303

FAMALEY Ellmans H 4320 2 AChE A9 {4k 4k
TG PES . BRI — 2 B AR SRR R E 10
mg/mL. 78 96 fLAR I &AL A 100 L A 5t 3%
W RERE Al R A DL R R T ARYUOK 1 p L —H
F(DMSO) .49 pL PBS.10 pL 0.2 U/mL AChE
120 pL DTNB A &EAFLA, B TR R4 R 10

min (37°C), K ALARBCH JG FEMA 20 L 2 BEARAC
JHBE (ATCh) , 4k £E 0 F 20 min (37°C, fHEH ),
3 3 AR A AEA = 405 nm Ab WG EE D yos LA ER R
ZAEWRSTAE N AChE B0 3 1 00038 1 BH 4 i,
R EA KT .
MR =
[(Dcomrol - Dblank) - (Dsamplc - Dsamplc blank )] %
(Dconlrol — D hlank)

100%
HF D e bt 22 78 JTACKE AT BSA 41 /Y WG
Dsample %%%ﬂn/\ﬁ%*ﬂ AChE éﬂ E/‘J wjlﬁj_gchonlml %‘:_{

N HMA AChE A BWOGEE , Dy 28 R A BSA
H YOG EE

(2)DPPH H f1 JE 3 B 16t ik

K Sharma 255 35 3R (19 95 9% 78 96 FLAR Ul
& DPPH H H1 B35 BR & . 5 Y B ff 2 10
mg/mL. & M. &N AKREH 100 L, ¥ 96 fLAR
BT R4S 30 min J5 0 1d @R E A =517 nm &b
K RNAR R OCRE AL LAYEE R C o BSR4
HikHE 34F17. DPPH H B EFH R RAITE AKX
.

BHRFED =
[(Acomml —A hlank> - (Asample - Asamplc blank)] %

(Acomrol 7Ablank)

100% ,
H A e F8F A 50 pL DPPH Ml 50 pL B & E)
DMSO ¥ W [ B AR F BT OEE A v R78 & A 50

pL DPPH i1 50 1. DMSO % ¥ 19 58 74 2 B I 56
FE VA e vtk 28T 50 pL AT 50 pl B 5L HY
DMSO % W R AR R WG, Ay B8 &4 50
p L HEEFD 50 L DMSO %W 52V AR R B IROGEE

(3) B HUEBE 6 PRI

K 96 L AR I AR 4 b A BORE I T
BEALIN 199 pL & b AR P IR CREFL 2 & 20 H
HO B B TR . B S DL DMSO Sh s R, R
410 mg/mL, BAEFRMAL P IIA 1 pL B A 20
FE 50 pg/mL, ¥ 3 AN PATHE, 7EH I35 7246 B
7% 24 h(28°C , RFFE D J5 . ST 4 L b 3 Ui B 4K
FNFE TR, B A BH - X BE 43 331 S DMSO FBk K Al
. P BRI R AW .

B LR (%0) = [ i 41 BOE % — X 141 5
FEAR) /% B A7 TG 46 ] X 100 %%
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2.1 HMETEYRAIEERXERE ==&
HPLC 58 Big T 1B R
2.1.1 =X ER

XF AR YX-001[ & 1Ca) Tifi 5 - 78 P Ff b5 352 3% o
IR NG R TR AT T R R AR A R
1. 7E PDB $5 35 3 b i3 in 1% 202 , v] i i fk YX-001
AR AR 7= 0 ) 7 ik B AIG, T FE Czapek's K5 77 5
HRUN N 2R L AT R R . HE— 2P A T
£ PDB K5 5% 5, s 520 8 117 A 4 v 1 ik ok AR s ™
Py e AR TR MR AL, R E AR YX-001 IR AR i
P 7 G 0 T B R AR BT S 1R L R R
A2 Bk YX-001 i1 s 76 Czapek's K35
B, ER R 21 v B R R AR 7 BEART X R
2, P i 2 T T AR 20 v R R U AR I e
o TR IR AL, 2 PR M P 5% 1T RE 2 7 41 A AR YX-001
0 AR L 20 R B I AT 3 0 AR YX-001 1Y
R,

X AR YX-002[ F 1Ch) J1 5 3 N R R
% 22 2 1 T T bR Y X-002 19 TR AR 3 7 4 7
Py, U I ER R 21 RN i R AR A AR Y
FEHIN(P<C0.000 1, #F—24rHrv] 50, 7€ PDB #%
Fi kv T SRR T AR AL v B AR O AR ) 1 I
TFERRRLH R WA R YX-002 YR AR 7 Wy 0 7 ek g
I E TR BRI 5] ; 7E Czapek’s K FR P, %
FR AR AL P B AR R BAR W B 7R i b TR
P20 L 2% B R 1 1 85 T, I SR 1 A a2 i R
YX-002 B4,

2.1.2 HPLC 4B # Tkt

XFTR R YX-001 B 2) 1 7 - 5 6 B AL AR L, 76 B
IR NG R e B AR 2 FR T A ) S L BR 7E PDB
B 7 5 vl i TR T AR 2L b AR K A W A IR A
WA YR/ A1 o HL A 45 S 50 A TR R U A B 7 2 1 I A
WA A 8 L 3R I IX B 451 R B AR YX-001 AT RE AR
TR R HACH = .

XFTR PR YX-002 (B 3) 1M 7 - 5 6 FRAL AR L, 76 B
TR R R R AR 2 Fh TR RS . G ie 2
PDB }; #5368 & Czapek's 15 37 3 v i HR vk Qg 7=
W) I S D F A S 3 22 5 ) B A L, 7 PR R 5 TR
tr =9.5 min &b 1T 4 I IS AN AE FY G R R R i
RGBT R R A1 %A, % 9% W i o]
RE A F TR 0 Y 3G R 1 N G R A A Y

25071 (a) Strain YX-001

*
200 ]
150 . ]
100

50

Hkhk

mi MENEE

Control 1-1 1-2  1-3 Control 2-1 2-2  2-3
PDB Czapek's
Sample number

3009 (b) Strain YX-002

200 —

100 —

Yield of secondary metabolites (mg)

sl

Control 1-1 1-2 1-3 Control 2-1 2-2 2-3

PDB Czapek's
Sample number

x —y is sample number,x represents medium (1 repre-
sents PDB medium.,2 represents Czapek's medium),y repre-
sents added precursor or solvent (1 for mevalondihydroxy
acid,2 for hydrochloric acid and 3 for tyrosine). * * * % in-
dicates comparison with the control group,P<C0. 000 1

1 BBR YX-001 F1 YX-002 7E [6) 85 55 56444 T 0y 77 i

Fig. 1 Yield of strains YX-001 and YX-002 obtained un-

der different media conditions

2.2 HMEEYRIEERIERBEFYEDFEGE
HERIER
2.2.1 AChE #p4) & #

XF R YX-001[ & 4 Ca) 1 75 - 78 PDB 85 3% 3
SIS R R AT R IR TR R U AR
AChE 1 6l 3 ¥ , 10 945 Jon 88 Sl v (i vs R3S n . e
TR 41 (% AChE 4 il 3 A% T X IR 41, 2% B 7%
PDB 832 3 ef , fdi AChE 410 41 3% 4 5 hn 9 J5 IR A8 T
M AR AR . 7E Czapek's K5 3R 3, S i
I R T R I S TR 35 T HE B R U AR T
AChE il 1% ¥ .

XF B B YX-002[ &l 4(b) Jifi & » 7 PDB H 37 %
WS N R R R R A A R 4RI R IR ACKE B
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(a) PDB medium (a) PDB medium
2000 Control group 1000 Control group
1500 f soor
600
1000 } .- ,
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0 : 0 . ; JA A
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| H
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< 500} E 20|
g A § O - A
§2 000 1 | Hydrochloric acid gl 000 Hydrochloric acid
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0 L
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: : 600
1000
! ! 400
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(b) Czapek's medium
00 1Control group 300p Control group
' 2500 M
X 200} : ;
! 150} § 3
\ - 100} ; :
| ! :
: ) S50F ;
0 | A 0 . : n =
5007 ' Mevalondihydroxy acid 300¢ ; Mevalondihydroxy acid
! precursor group 250 : precursor group
! i 200 :
X 150
—~ =)
5 : 2 100
g : ) E 50
:: 0 . ! N 1 3 3 0 —_— 4
2 o --------- . . § 300 Hvdrochlori id
s r----f-- Hydrochloric acid S ydrochloric aci
2 l ! 5 250 group
=400 | . | group S
& , ! £ 200
< : ' 150
200 f | : 100
) . 50
0 ar | 0 R
500 1 : . Tyrosine precursor ;28 Tyrosine precursor
1 group : group
b ! 200 '
X ! 150
! . 100
i | 50
0 . . n 0
0 5 10 15 0 5 10 15
t(min) t (min)
Dotted boxes indicate areas of change in emphasis,arrow Dotted boxes indicate areas of change in emphasis,arrow
points to newly added or disappeared absorption peak points to newly added or disappeared absorption peak
2 TR 4 BTRT S T R YX-001 W AR Y B3 BT R BT AT S TR bR YX-002 ¥ A W Y
HPLC #& & [8 1% HPLC #7408 1%
Fig. 2 HPLC fingerprints of secondary metabolites of Fig. 3 HPLC fingerprints of secondary metabolites of

strain YX-001 before and after feeding precursor strain YX-002 before and after feeding precursor
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T LI SRR M RCR 98 W3 5 78 Czapek's 15 37 4
HR I B G TR R T R MR B A Y
ACE 108 385 ¥ o 100 245 0 s 2 (32 336 PR3 .
TR 44 19 AChE #1035 4 % T %5 B 21, 3 W] 7
Czapek's $; 9% 5 v, fd 78 bk AChE #1004 35 14 4% K 1)
JEL A T % R T AR R R

50 7 (a) Strain YX-001
40 = —T
9 Bl
)
(]
2 30
5
=
g
5 20
=
i
10 - - ﬂ
0

Control 1 1 1-3 Control 2-1 -

PDB Czapek’
Sample number

50 7 (b) Strain YX-002
a4 T .
X i e
b T
bl 30
= .
2
3 20 — .
=
=

10 —

1
Control 1-1 1-2 1-3 Control 2-1 2-2 2-3
PDB Czapek's

Sample number

x — y is sample number,x represents medium (1 repre-
sents PDB medium,2 represents Czapek's medium),y repre-
sents added precursor or solvent (1 for mevalondihydroxy
acid,2 for hydrochloric acid and 3 for tyrosine). * * * % in-
dicates comparison with the control group, P<C0. 000 1

K4 Bk YX-001 1 YX-002 K2 AR 99 AChE #)
NiRCRES

Fig.4 AChE inhibitory activity of secondary metabolites
of strains YX-001 and YX-002
2.2.2 DPPH B @A &R ER

XAk YX-001[E 5Ca) Jifi & - 7€ PDB $f 3% %
o, TSI Y R R R R 2 R T G I T AR Tk A
Yy DPPH [ h 25 B . i TERR 41 i DPPH
F H T B A T 0 B H L U DPPH H iy J
T B3 0 R 49 0 0 D DR T T I R TN R R R . TE
Czapek's K777 5 o U8 i 56 — ¥ 18 % B AR O AR
WY DPPH A il Ak 7 R 6 1 JC W1 2 28 4, T i
I 2 R AT 3G n DPPH H il BRVE BRIG . SRR 2H 1Y

BB, BrE, TR, XA . iRMATE T 2 8RB B R R G 7= 4 & E &9 E 500

DPPH [ p 3 BR i 1w T 0 R L A5 = i i
HHBORIEAR — B, W BN, 78 Czapek’s B 55 Jk o
i DPPH [ f 2 5 BR 15 1k 5 0 il fE 2 £ e, i A

AR
40 — (a) Strain YX-001 .
T T o T
£ 1
L
5
8 20 A -
(=]
[+
=
2
© 10
Control 1-1 1-2  1-3 Control 2-1 2-2 2-3

PDB Czapek's
Sample number
40 71 (b) Strain YX-002

*hkk

30

T

ek

20

Clearance rate (%)

= [ ]

Control 1-1 1-2  1-3 Control 2-1 2-2 2-3

PDB Czapek's
Sample number

x — y is sample number,x represents medium (1 repre-
sents PDB medium,2 represents Czapek's medium) , y repre-
sents added precursor or solvent (1 for mevalondihydroxy
acid,2 for hydrochloric acid and 3 for tyrosine). * * * % in-
dicates comparison with the control group,P<C0. 000 1

K5 Bk YX-001 Fl YX-002 ¥k 2418t 7= 9 i DPPH
FI PR 2 3 AR O

Fig.5 DPPH free radical scavenging activity of seconda-
ry metabolites of strains YX-001 and YX-002

XF Bk YX-002[ B 5(b) Jifi & » 7 PDB K5 37 3
rh L TSN IR R R T R AT R R T A Y Y DP-
PH [ Hy 15 B 15 P 100 45 0 S 22 n] 4 e a0
50T BRZH AR LE , $h R 2H %) TE Bk 19 DPPH H i 26 BR
TR R L R AE PDB K5 5% 5L v i R bk
YX-002 DPPH [ Hy 2 ¥ Bk i 1 48 K A9 J5 9 7 T
IR A IR . 1F Czapek's 537 5, 7 H

TR TR N 2 TR K T A e Ak O AR R DP-
PH A &3 BRI E . (HERRR 2019 DPPH A i B
I T P 48 o R T S SRR 2 el L HE A2 R T A T
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Pk YX-002 DPPH [ Hy &3 B 16 P 3% KA e K 7E T
AR T A 2 I AR
2.2.3 R EHLERE

X E R YX-001[ K 6 (a) il 5 . £ PDB K 5% %
rh WS TR I 5 R R R T A T R O A
Ynpd B IE R . T AR R 4 AY b R BOBE T AR
TR A T30 Y i 2 TR A R 1T R B T
JE . #E Czapek's K535 S6 b, U8 I B R — F8 R 5 1A
PRUR G AR ™ W 1) b HBROAE 3 M TG B S AR A TR N
i R T AT T Y A, 2R BRI SRR )
JoT G R R R T IR T RE 23 Y N B Bk YX-001 ik
G ™ Y 0 b R M

X AR YX-002[ & 6 (b) il 75 » £ PDB K7 ¢ %
FRL WS IR MR I R G R R R R T TR R R A
W BRI M B — o 1Y BEARAE s
Czapek ' s$5 75 56 v, W5 in P 3¢ — 2 1R AT B8 A1 787 A IR

60 — (a) Strain YX-001

T

o T
£ 40
(3
g
2
=
= 20
59

/M T T, T ’l‘

2-3

Control 1-1 1-2  1-3 Control 2-1 2-2
PDB Czapek's
Sample number

100 9 (b) Strain YX-002

80 T
—

60

40 7

Fatality rate (%)

FhAk

N ﬂ
0 M e =

Control 1-1 1-2  1-3 Control 2-1 2-2 2-3

PDB Czapek's
Sample number

x —y is sample number,x represents medium (1 repre-
sents PDB medium,2 represents Czapek's medium),y repre-
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Fig. 6 Artemia lethal activity of secondary metabolites
of strains YX-001 and YX-002
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Effects of Adding Precursors on Secondary Metabolites and
Their Activities of Two Fungal Strains
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Abstract: In order to explore the effect of adding precursor substances on the secondary metabolites and their
bioactivity of endophytic fungi Talaromyces sp. YX-001 and Penicillium sp. YX-002 from the mangrove
plant Thespesia populnea ,Potato Dextrose Broth (PDB) and Czapek's medium were selected,and two kinds
of precursors (mevalondihydroxy acid and tyrosine) were added to them respectively. The strain was cultured
by micro-fermentation in 12-well plates. By analyzing the yield of secondary metabolites, HPLC fingerprint,
acetylcholinesterase (AChE) inhibitory activity,1,1-diphenyl-2-trinitrophenylhydrazine (DPPH) free radical
scavenging activity and artemia lethal activity,the chemical diversity and biological activity of secondary me-
tabolites before and after the addition of precursor substances were investigated. The results showed that the
addition of two precursors could increase the yield and chemical diversity of secondary metabolites, but the
changes in biological activity were different. The acidic environment might promote the synthesis of seconda-
ry metabolites with good DPPH free radical scavenging activity in the strain, but the specific mechanism re-
mains to be further studied. The study lays a foundation for further research on the secondary metabolites of
the endophytic fungi Talaromyces sp. YX-001 and Penicillium sp. YX-002.

Key words: precursor substances; Thespesia populnea ; Talaromyces sp. ; Penicillium sp. ;secondary metabo-
lites
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