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Abstract: An endophytic fungus CWJ01 with good antibacterial activity was isolated from the leaves of Acanthopanax
senticosus. In order to improve the antibacterial activity of the fermentation broth of this strain and explore the substance
basis of its antibacterial activity, the fermentation conditions of the endophytic fungus CWJ01 were optimized by
orthogonal experiment according the antibacterial activity on the basis of single factor experiments. The secondary
metabolites contained in the endophytic fungus CWJ01 were separated by column chromatography. The strains of the
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endophytic fungus CWJ01 were identified by morphology and ITS sequence analysis. The results showed that the optimum

fermentation conditions of CWJ01 were as follows: PDB as the base medium, 2% glucose as the carbon source, 1% peptone

as the nitrogen source. The initial pH of the medium was 7.0, the liquid content of the medium was 60%, the inoculated

strain was 5%, the rotating speed was 140 r/min, the temperature was 28 °C, and the culture time was 15 days. Under the

optimal process conditions, the diameter of inhibition zone of CWJ01 fermentation broth against Staphylococcus aureus

was 27.48+0.17 mm. Trans-cinnamic acid and benzoic acid were isolated from the fermentation broth of endogenous

fungus CWJ01, and the endophytic fungus CWJ01 was identified as Penicillium polonicum. This study can provide

reference for further exploration of antibacterial active substances of endophytes.

Key words: Acanthopanax senticosus; endophytic fungus; bacteriostatic activity; fermentation condition; strain

identification; secondary metabolites

Wl A S RN AR 2 i N (Acanthopanax
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XBP-C¢ # ( 4.6 mmx250 mm, 5 pm)
Technologeies Inc. USA; SZX #iF T AES  rEBEEk
HAERE RA T HZQ-C 5B IRE 4y WMI/RIER
BT HARFF RATRRSF]; KQ-100DE # 7 E VAT
B 1L i BB 7 A 8 A B 2N 7] 5 Waters Xevo TQ-S
micro 7Y = FE PUML AT SR BT (Y IRAFHRM (2
WF) A3 BRZS 7] (Waters ) ; 400MH [EAKE S RE IR

i% AVANCE Il  32[E Thermo Fisher 23],
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Table 1 Test strains required for the experiments

FiES K
AG B ORI ERT (Staphylococcus aureus)
Bl 2 RN BFF 1 (Acinetobacter baummanii)
CRIHAT TR (Escherichia coli)
DR IAEREA (Enterococcus faecium)
A B/ NZERIFT B (Bacillus pumilus)
FH B ZEAFT T (Bacillus subtilis )
GRS (Pseudomonas aeruginosa)
HJli % 72 %5 /(1B (Klebsiella pneumoniae)
LRI 2T RR TR (Listeria monocytogenes)
LR THR 2 HE (Candida albicans)

B

1.2 SEWHE

1.2.1 FITCHNANAE B CWI01 A& B il 45 M A i
PRSI =Bk [20], Hilg 1x107 CFU/mL FY3I L
P ZE BB CWI0L B . LS 2% 58 25 0 X
2% B H R PDB %R E, B3R EwItE pH B 4K,
FREW N 50% (viv) s3ae THEJER P . M 50 mL
B A, G W 5% (viv) B AW, 3R T LR
WAREE 23 b, 25 OB IRG A 5 IR 40 28 C
120 r/min, ZESER;IF 14 d, 3537 52 U AT H0E, ¥
PRZLAARYE Y, A5 TR, Yo R T . BGE YR85,
FA R #1500 pg/mL AR SIE R . BUEER RS
WL PR PR M (100 pg/mL $£25 2% 1 100 pg/mL
WL, 25 PO RIS (H ), 208 SCRik [21], SR
LB O A 50 HO PN AR B CWI01 & B BT
PRV, SR bR - RO HAT B R A
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1.2.2 BFINPNAEZLRE CWIO0L PR T R e T2
itk
1.2.2.1 HARZEIE FEWILG pH oA 7.0 1) PDB &
PAREEFR R, SEHCRTAGHE . 222008 | NV IR,
BESFBIH 0%, 1%, 2%. 5%. 10%(m/v), B 1.2.1 /1
FIFPTFIE, 3% 5% MIEEFP &, S TR 50% 1 I
IEFRIL A, FA R BFRAER] 1.2.1, AR TS TE .
FEARAS R 5 (i 55 3 B0} B AR R TR FA )

HERIUG pH 24 7.0 i) PDB ARG FREL A, BEHL
R R ENR . BEREEAVE S AR, WeBE 43028 0%.
0.5%-. 1%. 2%. 5% (v/v), e i | eyl i B & ldse
FEIR] 1.2.1, BRI IG P o ELAEAS IR B A9 U S
FEELXS AR & IR 52

TE 1.2.1 SZE 3R 1, S BIER T R | . W
B WIUG pH. Bl REE . RIS Al B T A
i o Hodr R RS BN 3%, 4%, 5%, 6%. 7%,
8% (v/v); 22U TN 20%. 30%. 40%. 50%. 60%.
70%(v/v); WUk pH N 4. 5. 6. 7. 8. 9; = IR
PEEL A R7: 100, 120, 140, 160. 180, 200 r/min;
BB R ERRIE ST 22, 24, 26, 28, 30, 32 C; &
B4 3)R: 7. 9. 11, 13, 15, 17 d, Kl & ik 14
B I
1.2.2.2 IEACIES ARSI b, 15
{EPA R RG24, 76 4 P RA R AR RO 25 BT,
BEHL 3 ANIKPHEATS05, SBT3 (%) . HFh i
(VIv) | B (v/v) . REERTE] () DU R 2545 R et
A S i o Py AR BB CWI01 FEE I P B B2
LI B 5 e A FE b, BT IE 38 i 86, ik & e 4%
22231 ARG T IR 2,

2 IEZIKR N EKE

Table 2 Factors and levels of orthogonal experiment

K ABRIREZ (%) BIERE (%) CHE (%) DREERTEI(D)

1 1 4 40 13
2 2 5 50 15
3 5 6 60 17

1.2.3 FIFMP AR CWI01 e BuN
A E B CWI01 KR, ZEEFEE 3 ¥ (3x100 mL),
B IR, RIS, 15 ZBEAE G, F 2 EFEH
FRA A SRR A 432, LAtk : R 28 (15:5) K
Ve, We s etk (10 mL/2B5%), LA ik : 2.2 2.
fig (15:5) M RIFFNIATHZ 2N (TLO M PUE, &
I 20~50 54 4y, [N FS , PRI T RE A 43
B, LI - L8 TR (15:10) R Beim, e v
W (5 mL/ZH53), LAk : 2R ZBE(15:10) KT
FIHAT TLC WU, A1 78~85 S 447, 155 AL
LEE T 4 °C R 48 hm, B2 IR A; dhgh s
120~130 S2H 51, 5 2SR A9, KA iR
EW LI B 218 B8 (15:15) Ui T RE e
AEFEPIAE 22 mm, 41 300 mm) 24k, W e AR

(5 mL/2H43), LAAThiE: 28R L5 (15:15) R I3
BEAT TLC #iR)5, &9 50~58 S5, B iEsH S
T 4 °C %3 24 h, P71 EAK B, AR A Fi B 90 EA
WEMHATHTE] 1.2.1,
1.2.4 WP A E R CWI01 1 4 i 45 44 e 8
K HPLC 7%, 4 % DL a. B lE : 7K - B R (60:
40:0.5), Kl 7 K 254 nm; b.ZJE K - H B (65:
34: 1), KA 260 nm FSIAHE: 1 mL-min');
14 3% 4 : Global Chromatography-C;q( 4.6 mmx
250 mm, 5 pm); FE7R: 25 °C; FERER: 10 pL; BELHT
[A]: 60 min, %} I 538545 8 () ik A 2 B(0.5 mg/
mL) 47 2l B 28 J1 2R BB (MS) Ha, s 25 Hl,
(ESD XA A FlE A B #H471E . $08S T-4934629; [H)
AR A A Ko B 19 BRI P53 2R HH CDCly fe
MeOD ¥ fi#t /& ( 0.1 mg/mL) 3 17 & #g I P& ('H-
NMR M BC-NMR) %5E25,
1.2.5 HIFANNAEETE CWI01 % E  RAES
SEMNEE K 3T W2 S (TS JFEF) 00T ) 1224250, it
FIFANAN A B CWI01 BRI T4 .
1.2.5.1 HFCINPZE LR CWI01 HRRIE S )40 4
E - RFRITFOIN P A B CWI01 JEFT R WS
G BB AN R T S U LSS, RS TR AR PRV
TERGFRILATR FVERNE M IE S B, 7 W OB U
EXRAR L AT AR RS, I HLEL BECSCRR CE R 47
e )P E TR SE 2 T WP, IZ R ABOE & 2201 4
.
1.2.5.2 FFHINNAEFE CWI01 Bk T A4k
A aJfil TN P A BB CWI01 3 K40 DNA B3
B BB TR BRAS ] Ezup A0 PR M9 SEH
AR EXT CWI0T BERRAYIEINZH DNA 174
W, 25 B8 N - TR ORR UE Ak B CWIO01 B R B2 AP F
PDA ¥:3#5E [, 28 C, 3537 3 d, &5 . w22kl
P WAL 9 CWIO0L RPN IL 45 T S48 B AR B 37
FE, T 28 C, 140 r/min FEIREFFE 3 d, BUH, #huk, B
1R REIAR ST A 25% ZBEFTKEE ddH,O So/s b #1
2 IR, B0, 37 LI, B UR TR, BT 4 °C 9. 50 mg
CWIJO1 B, SiE ARG, Uk iR i o og 4
SRR, R BT KRR tube B R, ARSI 65 °C
i) FPCB Solution 700 pL Fl p-3iJk . BE 7 uL 3557
PRz il HOR G144, 60 °C /K 25 min, %5 68
10 min, IIAZKE;: S8 05: FHBEE(25:24: DRGSR
700 pL, B #E 10K, F 4 °C 12000 r/min &5 />
5 min, ¥ FIEHEFEE 2 mL K E M tube 45,
/NI 700 pL A RES), F 5 °C 12000 r/min 25
> 4 min, VEWHEN 40 pL RNase A(20 mg/mL),
FESMIRA, TEIRJCE 8 min J&, 4F BIMKIKINA—2F
{48 BD Buffer 7, FE43 P I HIRS) . B —2F
RS YR E WAL, 5 2 min, 10000 r/min 25
> 1 min, FERE WA BB W AR S
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JinA 500 uL PW Solution, 10000 r/min &.> 1 min,
FRFEW . PR BN 824 =, Jin A 500 uL
Wash Solution, 10000 r/min &5 .> 1 min, 3 JE ¥ ,
10000 r/min FFKES.Cr 3 min. )5 WM R =
JCHH tube P, WHI 50 pL 60 °C 4 Elution Buffer iz
7, FIE T E 3~5 min, JETTFEHE 10000 r/min 25
> 2 min J&, /15 CWI01 EHRY DNA %, —20 °C
AR o

b. HYH B PCR §731%: SRAH E @5 1909
14 ITS rDNA F B, 51 g TR BRA W
A E. B ITS rDNA JF338 5149 ITS1. 1TS4,
PR ras: 1IE 1514 ITS1: (5°-TCCGTAGG-
TGAACCTGCGG-3’); 2 ] 514 1TS4: (5°-TCCT-
CCGCTTATTGATATGC-3’), PCR SIWAAZR WS 3,
JNFRT LR 4,

#3 PCR RMMAEFR
Table 3 Components of PCR reaction

Ell A (L)
Template(J:FZ4IDNA 20~50 ng/pL) 0.5
10xBuffer(with Mg**) 2.5
dNTP(452.5 mmol/L) 1.0
it 0.2
F(10 Um) 0.5
R(10 Um) 0.5
Jindd H,0% 25

%4 PCRIFH&IF
Table 4 Amplification procedure of PCR

TREECC) ] ¥
94 4 min At
94 45s
55 45s 30 cycle
72 1 min
72 10 min 1B ST
4 © 231N

PCR J=##: 47347 HEER LUK (5 1% 1Y
B R A, I UVP BERE BA%R R GRAE, I
PEEEE, 150 V. 100 mA ., 20 min FELIKWEL

c.4lift B PCR 7= 4 = ol sz |, ok A 0 14 1)
CWIJO1 BEkEY DNA H i B, R AT R : U)
B H MY, BRE S E DA 5 4% Buffer B2,

TF 50 C £ F KW 8 min, P H£ 3 8000 r/min
Bl 40 so BIPAIEES T4, A 500 pL Wash
Solution, 9000xg B5.0> 30 s, RN LT Pk, &=
B PR —R . AT T 9000xg E.0> 1 min.
W B AT B T JC T tube N, /NGBS 30 pl Elution
Buffer, il & 2 min, FFX & 0> 1 min, 4 CIRIEEZH
DNA MW o

AR B A3 H 19 DNA FFBOX S FigA T
A TR RS W AT CWI01 RRRAY S S2IF

e. RGBT B CWI01 B AP EY ITS rDNA
A RIFH A% 2 NCBI ¥5)%, £ GenBank 15
HAE PPN T ELXT, 285 Mt MEGAS.0 444
AR TN PN A B CWI01 BRI R SR B, 43
T HEZ O R M BE A B, DA 32— 250 o2 B AR 1Y)
BHE .

1.3 IR

LiRsgG I E AT 3 Uk, {1 Origin Lab #E17%4%
4 BT, SR FH SPSS 25 #E 4T B [ 2 2= 4T
( ANOVA) K #H & ¥ ¥ 43 #7 ; R IBM SPSS
Statistics 26 X EHREE IS TIERS T 225347 o
2 RS9
2.1 RAMAEEE CWI01 HIEEME ST

HF NN BB CWI01 R RT 10 FhaZ il
P AN RTRR S il R, BRI B Vo P25 SR
x5,

ZEIRFRH, H B LR iR 10 FrEumR
P e A, AR AE LD B R BE N, A BRIE PR 55 T
BEPEXT B S IR (BERE 2R, T2 nl A a6 e P R 3
7 = R R . eAb, aE T e i oA nT
LI, BTN A= ELER CWI01 X4 28 (0 38 28 BRI
FNHIVE A BA 2, HAPEETE M55 BH P R i v A
T, W B AR E] T 20.1620.07 mm, K eE 4
W (0 4] 25 BRBEAE A A8 AN B O 0k T T P9 A LR
CWIO1 M REET. 25
22 ABIZHMHK

2.2.1 FRNERSGSS
2.2.1.1  BiFRBER T A R0 A e T 2D B R )

KA S AT AS TR o e B a0 g 45 8 X 30 i P A=
H B CWIO1 #7535, BEJa AT B G PR 2, 45
RULE 1.

5 NAERE CWI0L KER N EEH (n=3)
Table 5 Antimicrobial activities of fermentation broth of endophytic fungi CWJ01 (n=3)

, I EA% (mm)
FE
A B C D E F G H 1 J
CWI01 A B 20.16£0.07 17.28+0.25 19.70+0.33 12.93+0.63 16.00+£0.15 15.83+0.59 13.74+0.47 15.66+0.76 12.63+£0.05 10.21+0.55
25 X IR ) - - - - - _ - _ _ _

FEEXT IR (RERE ) 20.8240.25  26.12+0.23  28.19+0.27 24.00£0.08 20.55+0.66 26.21+0.11 28.07+0.46 26.66+0.41 23.21+0.33 -

PR IR (5 20) - - - -

21.00+0.39

T SZIRBA~I A PR UL 15 —J AR 1 K8
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Fig.1 Effect of carbon source and its content on antibacterial activity of CWJ01 fermentation broth

TE: D: 2SR O 2% I, 3 FfBR JE6E CWIOT A I R0 T 405 1 (9 R W 5 1 P A () /N5 7 R 3R 40 T 3 PR A7 A 35 22 57

(P<0.05), & 2 Iq],

FHE 1 ], YRS IR AL b S A AN R TER EE Y
RURAS, X7 CWIO1 & Pt 3 B Tl A A il 5 22 5%
(P<0.05), 4 3 Fh % 3% B v fise Y5 0T e VAR T 2%
B, AN BEWE R R Bk CWI01 B9 1 W A K R E At
s T S B TR R 1= T 2% ), v R R A B IR A RE (il
AR CWIO0L A= ik P, ZRpk A Al ™ i e s #R1
B, DS HA PR TS PR AR A U R EE R RS, DA
TP Sl AT PR s P S B R IR g A A8 A, 2 3 Fp
B IR L IR BT B B R 2% B, CWI01 A& Y
TEATE MR, JUHOE YRR IR I Ry 2% i
B, AR TGRSR . S e R A A A B DU
2.2.1.2 IR RO e R I T2 s
SR FH A AN R BT B v S0 ) 335 3 3 o o R A
FLEH CWI01 $EATHEFE, Bifi s BEA T I BR VG P e, 4%
RULE 2,

HHE 2 ATLUE Y, M3 Fa st b oA & R0 (AR 5T
R 0%) M EA 0.5%. 1% MIEIERT, X CWI01

A 20

H

—
W
T
o
H
H

(mm)

%

1

I
=

0 0.5 1 2 5
FRBEWE (%)

R PR PR R TG PAA T AE — 2 FE ), 13X T RESE 24 5%
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Fig.2 Effect of nitrogen source and its content on antibacterial activity of CWJ01 fermentation broth
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Fig.3 Antibacterial activities of CWJ01 fermentation broth
at different inoculation quantities
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Fig.4 Antibacterial activities of CWJ01 fermentation broth
at different fermentation volumns
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Fig.6 Antibacterial activities of CWJ01 fermentation broth
at different speeds of shaking speed
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Fig.7 Antibacterial activities of CWJ01 fermentation broth
at different fermentation temperatures
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Fig.8 Antibacterial activities of CWJ01 fermentation broth
at different fermentation time
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Table 6 Results of orthogonal experiment

— # e
ABIRHRE ) BOEREY) COEM) DCREsmE)  (mm)
1 I 1 1 1 192020 21
2 ! 2 2 2 27.31£0.35
3 | 3 3 3 25.72+0.30
4 2 ! 2 3 22.4040.72
5 2 2 3 1 26.60+0.01
6 2 3 1 2 24.000.21
7 3 1 3 2 2331£022
8 3 2 1 3 20.3240.46
9 3 3 2 I 23.00£0.35
K, 72.23 64.91 63.52 68.80
K, 73.00 7423 72.71 7462~ EY721186
K, 66.63 7272 75.63 6844  CT=4987.18
R 2123 3107 4037 2.060
S 8.063 1669 2663 8.026

e SYZRAUN 1~ e Bl EAR Z AL CT=(2Y?) /9,
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Table 7 Results of variance analysis
TR W2EEIA AhE ¥J5 Pl WEME
A 8.063 2 4.032 806.4 *k
B 16.69 2 8.345 1669 *x
C 26.63 2 13.315 2663 *k
D 8.026 2 4.013 802.6 *ox
R 0.01 2 0.005

1 *4P<0.01, TR ZEFWRE

Sk T B TR I R TS SR A B, SR
IR AR T AR RO N AR BB CWI01 1Y
KPR e R A T B S5, 5 R, &ifbfa iy
K A A A BT O N AR BB CWI0T /Y R PRV
TG PETT 35 27.48+0.17 mm, M5 1.2.1 J7 4
F ) TN PN AR BB CWI0T 1 4 I 3 B 5
20.16+0.07 mm, FiREEHERE T T 25k nd-& k.

23 FEMAEER CWI01 HIEYIRDE

SRy T T B O P9 AR SRR CWI01 N ERTE PE
ST EEAN, XF U Ao P AE B CWI01 & BRI PR AEAR
W= My AT R A, ah SR MR 3 P AR
CWIJO1 MR 4385155 2 ik &4,
PETEFHZS SR UL 8.

e 8 AT AL, fbiA A X AE B ¥ B4 il
WP, A YA N A B CWI01 B
WIS T o

PARYI I A: FACER SR, mp.59~62 °C. ESI-MS
m/z: 146 [M-2H], 295 [2M-H]J, 443 [3M-H], 579
[4M-H], 45 S an & 9 fff 7k . '"H-NMR( 400 MHz,
MeOD) s 7.59(d, J=16.0 Hz, 1H), 7.22(t, J=7.9 Hz,
1H), 7.05(d, J=7.7 Hz, 1H), 6.99(t, J=2.1 Hz, 1H),
6.83(dd, J=8.1,2.5 Hz, 1H), 6.41(d, J=16.0 Hz, 1H),

8 ik A FI B IETETESS R (n=3)
Table 8 Antibacterial activity results of crystals A and B (n=3)
\ P B B A2 (mm)
FES
A B C D E F G H 1 J
45ARA(100 pg/mL)  17.28£0.30 18274037 8.56+0.15 26.89+0.33 18.37+0.36 17.25+0.32 - 8.36+0.13 - -
45iB(100 pg/mL)  8.75+0.66 - - 28.00+0.61 - 8.7940.39 182402  8.75+0.36  17.32+0.43 -
25 [0 HR (PP ) - - - - - - - - - -
PHPEXTHE (5655 K)  24.0040.11 26.80+0.61 25.40+0.37 28.11+0.01 22.05+0.09 23.30+0.45 23.06+0.29 27.88+0.65 23.50+0.45 -
PR AR CGRIEE ) - - - - - - - - - 21.90+0.59
B —Ql: 10 MCA scans from Sample 1 (TuneSampleID) of 2h...  Max. 1.3¢7 cps. MW +QI: 10 MCA scans from Sample 1 (TuneSamplelID) of 2ha...  Max. 2.3¢7 cps.
-102.8 1662
1.20¢7 23¢7
2.0¢7 4
1.00¢7 {
—_ 146.7 . 149.0
£ 8.00c6 g 15¢7
S oo .
§ 6.00¢6 4 % 1.0¢7 1 376.6
E 4.00e6 1 295.0 = 2745 3483
2.006 1 4434 5790 3066 40 187.2 256
2 4.8‘2111?"8?25 5 30 i 032 L 2T o [ Loy by 7345 8651 9287
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Fig.9 MS identification result of crystal A
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ZERANE 10 TR . BC-NMR(101 MHz, MeOD) §
49.32(dd, J=42.8,21.5 Hz), 48.79, 48.57, 48.36, 4%
mE 11 fis.

Zi4 HPLC. MS. 'H-NMR DL 2 '3C-NMR ¥ &
AL, BRI A AR ST TRl 148.16, 43T
CoHgO,, TLEITHTEE AN C: 88.47, H: 6.60, O: 26.27,
Ry A A R T, L R 208 Sk [32], i
Ry A S RECPEERR, A5 El 12 PR,

HARYI T B: R EHIRES o MS 28 e 45
Positive MS: 145.2 [M+Na]’, 267.3 [2M-+Na]", 283.4
[2M+K]*, Negetive MS: 121.3 [M-H], g5 an &l 13
FIf 75 o '"H-NMR( 400 MHz, MeOD) 6§ 8.06( 2H, d,
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B —QI: 10 MCA scans from Sample 1 (TuneSampleID) of 3h... Max. 1.6e7 cps.
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Fig.12  Structure of trans-cinnamic acid
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Fig.14 'H-NMR nuclear magnetic resonance spectrum of crystal B
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Fig.16 Structure of benzoic acid
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Fig.17 Colony morphology and the spore microstructure
of endophytic fungi CWJ01
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