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Identification of marine fungus HL-3 with activity against
Vibrio parahaemolyticus and separation of its active
substances

LI Xiangrong'?, ZHENG Hongli', ZHANG Zongyi', XU Yanni', GUO Lei "

1 Co-Innovation Center of Jiangsu Marine Bio-Industry Technology, Jiangsu Ocean University, Lianyungang 222005,
Jiangsu, China
2 Jiangsu Key Laboratory of Marine Pharmaceutical Compound Screening, Jiangsu Ocean University,
Lianyungang 222005, Jiangsu, China

Abstract: [Background] At present, the prevention and control of aquatic pathogens such as Vibrio
parahaemolyticus in aquaculture mainly rely on antibiotics, which are effective in a short term.
However, long-term use of antibiotics causes the enhancement of drug resistance in pathogens and other
problems. Therefore, it is urgent to explore safe and effective antibiotic alternatives. [Objective] To
screen marine microorganisms with anti-V. parahaemolyticus activity, identify the species, optimize the
culture conditions, and preliminarily separate the active substances. [Methods] Marine microorganisms
were isolated and purified with spread plate method and streak plate method, and the strains with
anti-V. parahaemolyticus activity were screened with Oxford cup method. The active strains were
identified based on the morphological characteristics and ITS sequences. The medium type and salinity
were tested to optimize the culture conditions. The compound was prepared by semi-preparative high
performance liquid chromatography, and the structure of the compound was identified based on nuclear
magnetic resonance spectroscopy data. [Results] A total of 76 strains were isolated from 11 types of
samples, such as conch, little yellow croaker, and prawn, including 26 fungal strains. A fungal strain
HL-3 with anti-V. parahaemolyticus activity was screened out and identified as Aspergillus flavus.
strains HL-3 produced diverse metabolites and showed strong antibacterial activity in the modified
Sabouraud’s medium. It synthesized only one metabolite and demonstrated high antibacterial activity on
fungus No. 5 medium. The metabolite was identified as kojic acid, and the minimum inhibitory
concentration of kojic acid against V. parahaemolyticus was 4.0 mg/mL. [Conclusion] The experimental
results lay a theoretical basis for the further separation and purification of secondary metabolites of

strains HL-3 against V. parahaemolyticus with various chromatographic methods.

Keywords: marine fungus; Vibrio parahaemolyticus; antibacterial activity; strain identification; culture
conditions
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11 Pl ™ i, W & = WA Hb v T 47
1.1.2 $E5REHK

B 19K E (Vibrio parahaemolyticus 1.1997)
W e ] A TR AR R B G, AR
S E AR

1.1.3 1E5HE

WIREAR SRS (g/L): I 40.0, EA
i 10.0, Mg 15.05 2216E MWAARE 3R (g/L):
EE 5.0, B 1.0; FREEA KR
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DA PR Ay i R0 4 428 L i B 10 mg/mL, FH4RHE
o A T L ) i I A 3 R ARG R
mAELA 20 mL MHB R 35572, 30 min J5 i
A 200 pL AyF8/R B I TR R IR A 34 5T, SR
BRI 3E A A H e R e 2 |, e 1T
WARNA 200 uL FIARE SR, 32 °C H557 16 h
TSI ERL 3k, WEHMMEE, L3 kY
T - BB AR A B R i B TR T 4
1.4 FE#H HL-3WEE
141 FHEWE

W5 22 G e A5 2 A HL-3 5 PE B bR T4 R 1
FIEVD FQEMARE IR 3L |, F 32 °C $5 - P R
3-5 d, HRIHNCFEHIEEFEAIE 528 1L ;
(i) i FH 4 R B0y S Al L 8 L A AR A5 L TR 2244
FIHRAE, I r B A 4 AE >,
1.4.2 ITS F5|5 4R

W HL-3 B PRIEFPLE YD [C R % 5 5
I, 32°C ¥53% 7 d J5 ik s EAL B R ARG L
FABRAEIHEAT ITS WF53Hr. K PrASH 1TS
JF 54222 %] GenBank H, it BLAST {44

R1 ABEFENMEREAS

FEAHLYERFS, FIH Clustal (1.83)8474 1t
XPARARLF A, B R R 5 40 ) i R , SR
MEGA ¥4 948 #2 1 (neighbor-joining method)
RGO, FBREGEE N 1000 1K,
1.5 E# HL-3 SHnals milEiE 4
RIEFZHRITHE
1.5.1 ®™hFigHE

W ELA PRIV MR T 4 9 HL-3 B R A
VLI FREL b, T 32 °C B4 P35 3-5 d.
PR A PRBOE AL A HL-3 B3R 3] SD ¥ [
WIAREE SR I, KVBFE IR IR % &l 32 °C,
B E N 160 r/min, B 255G T P R bR = A4
PR KBRE IR P 5 5% 16 h JEA1E IR FIi
.
1.5.2 1EHFEHHIE

L7 16 5% 57 5L 0 P 28 S 2 LR Ay an e 1
TN o KA G R R B 2% B AR A By
BB 200 mL {5 5 SR 5L 500 mL
NN, 32 °C /KIBHEIR 160 r/min $55% 7 d.
KRB MA SR EFREN R O, &

Table 1 Types and components of fermentation media

L TS iV

Medium type Compositions (g/L)

B SRR VEH 10.0, EAHK 1.0

Oligotrophic medium Amylum 10.0, Peptone 1.0

TR IR A 40.0, M 10.0

Sabouraud’s medium Glucose 40.0, Peptone 10.0

LRV G B A WA 30.0, HEAM 10.0, -E/KEEEREE 0.5

Modified Sabouraud’s medium Glucose 30.0, Peptone 10.0, MgSO,-7H,0 0.5

A [ R E 1 IR A FEWE 30.0, BEEEE 10.0, LUKBREREE 0.5, BRERWLEK 0.05, BERRE —F1 1.0, HHERHA

Czapek yeast extract medium 3.0, E4k8 0.5

Sucrose 30.0, Yeast extract 10.0, MgSO,4:7H,0 0.5, FeSO, 0.05, K,HPO,4 1.0, NaNO; 3.0,

KC10.5
LA 5 513 AE
Fungal No.5 medium
KA AL

Rice medium

A 10.0, ZZFHE20.0, BRKG 2.0, BEEEE 3.0, LUKBRRREE 0.5

Glucose 10.0, Maltose 20.0, Aginomoto 2.0, Yeast extract 3.0, MgSO,47H,0 0.5

PREC 50 g ROK, A 100 mL BRiEK, HCE S BORAS R EIE, FIA 150 mL BRI K
Weigh 50 g rice and add 100 mL stale sea water. After leaving overnight, pour the water

away and add another 150 mL stale sea water
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Al hJEEER, K EEAVUEEGE, BE
FARERE 1R, B LR L ERAH R R A E T
P DA EESR ), AR L L 10 mg/mL,
Fie 1.3 $AE AL BRI s LT T T
1.5.3 HPLC 947

i 3 HPLC 45 8C I3 43 HL-3 TR AR A AR
WA o 2. HERSE: Shim-Pack
CLC-ODS #, #am iR E N 5 mg/mL (H
BRI, JEFEEREN 10 pL, B
254 nm, Yl 7 = R A EEFRDK RS, 7£ 0-15 min
WHEATSEBR VR, W AR E N 50%:;
1E 1625 min N, HIEEVR BE M 50%722 6 3] 100%
FHO-EF 5 min,
1.5.4 EFEERERTHIE

TERfE R TR 3 A it -, B B RE HL-3
) o VR F B 2% AR R 0 85000 I A B 5
0-5% NaCl 1% Z% 1 7K e il /Y el ) Vb I8 7 5
. 32°C, 160 r/min }53% 7d, #% 1.5.2 #AEH
PR SR S, VEA T P S PR
1.6 &/HIERE BN E

W 1 2 P R C ) A% 3.0-8.0 mg/mL, R
IR 1.3 EB A A AR L DN A R X RV I S TR
PIPTRE M, SCRER 2 Wk, W AR,
DA TR) s BB 7™ A= 00 TRT R ) i /N VAR B Sk A it 1) e
IR R

2 BREM

2.1 WMEMBS B RTFEIE
2.1.1 WMEYIE

MAEHS . S . ZLBEF . A EIR, YRR
WEEE . IR NIRRT
11 Rl = sl 4y AR 2 RUEY 76 BE, Forp
26 B
2.1.2 mEFEMEKA TG

L 0.1 mg/mL AR JEHAE R R IE,

S

RN

_H

\

L

X LA BT A8 100 B Pl A2 A (19.770.78) mm
50 FEANEE I B HARYI/NF 10.0 mm (4
FRAMEZ) Ry 8.0 mm), TR HC5T . 26 BRILTA
e 3 FLAT BT B TR M 3 A B AR
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LR ESOR W 2, Hh B EE KT
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HL-3 PRI 175 % 0 Bk 7 54 s Rl
BRI 1 0 o 1) 85 5 45 F (PX-2 bR A R i
— 5.
2.2 EFHL-3BETE
2.2.1 FEISEFHHE

BIRE HL-3 76 32 °C i 74K 7 d
&, BARN 8-9 cm, TH V& I BT T H G MR
PRI 22 1) B3 00 S5 T G 1) B4 2 4 1 B e A 20
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Table 2 Antibacterial activity of 10 fungal strains

against Vibrio parahaemolyticus

FE i R WK R P

Source of sample Strain No. Inhibition zone
(X£SD, n=3, mm)

I5#F Clam GL-1 18.2+0.3de
GL-7 18.7+0.2d
GL-10  17.00.1f
712 Conch HL-1 18.4+0.1d
HL-3 24.140.4a
W% Crab PX-1 17.6+0.2¢f
PX-2 20.140.4b
/NEE £ Small yellow croaker XHY-1 16.8+0.5fg
B3 01 Scallop in shell SB-1 18.3+0.2d
1% Razor clam HC-1 19.4+0.2¢

T AN RN B RN AN [R] B AR B 05 P KT 22 (B A 7E
# %5 (P<0.05)
Note: Different lowercase letters indicate that there are

significant differences between the levels of antibacterial
activity of different strains (P<0.05).
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222 ITS RIS HER

HLA B m s oK B 1 4 59 HL-3 TR AR Y
ITS JFEHIKE R 573 bp, KI ITS AR E
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E1 EHEHL-3 WESHES
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Figure 1

Y5 Aspergillus flavus A107P (MN095189.1) .
A. flavus ABOR (MN095186.1). A. flavus A20R
(MNO095163. 1)/ 751 FIALA: A 100% , ZEEAE AR
BRI R, 485G TE bk HL-3 BB SR,
B HK 5 v i B (Aspergillus flavus) .
2.3 H#k HL-3 FHREE MY REER G
2.3.1 EFERHIE

v A HL-3 B SRS S SR R R 2k 1)
IR IR EE . MRV IR IR AL | & [REE R E 1 3R
B BW 5 SRFREMAORIE R SR,
HeHrmls ok s ek 3 o, AT VA,
UDIRIEIRAE | R VP IRIE SR AL | A R REE B

10 im

15KV %2000

A: BEFHMEQEID); B: BRFHECGTI); C: /A THE; D 04

Morphological characteristics of fungus HL-3. A: Colony characteristics (front); B: Colony
characteristics (reverse); C: Conidiophore; D: Conidia.

Aspergillus flavus A107P (MN095189.1)
97 | Aspergillus flavus ABOR (MN095186.1)
HL-3 (MZ613327.1)

Aspergillus flavus A20R (MN095163.1)

E Aspergillus flavipes BH (GU566209.1)
Aspergillus tubingensis wxm77 (HM037959.1)

P
0.1

E 2 B4k HL-3 2T ITS FHI8Y RSkt

Aspergillus fumigatus HX-1 (MH824433.1)

S HHF S N E R GenBank &5, Hr/ 0.1 10

RIFIINZE(E, 703 ERBCTAERITER 1000 YR H| R Ay LA

Figure 2 Phylogenetic analysis of strain HL-3 based on ITS sequence. The serial number in brackets is the
GenBank login number of the strain, and the value of 0.1 represents the sequence deviation value. The
number at the node means the percentage of occurrence in 1 000 boot-straped trees.
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*3 EHFRENMESMHIPR
Table 3 Types of culture medium and inhibitory
effect

FrFR B e

Medium type Inhibition zone
(X£SD, n=3, mm)

FE IR IR 4L Oligotrophic medium — 8.0+0.5d

IR IR A 18.0£0.2b

Sabouraud’s medium

2 RYD R IR A 19.4%0.4a

Modified Sabouraud’s medium

A7 [ BE T B R A 17.8+0.5b

Czapek yeast extract medium
BB 5 555355 Fungal No.5 medium 18.3£0.3b

JK % IR A Rice medium 15.0+0.4¢
AR FING TR IR AS [R] 55 357 3 10 5 16 MoK 7 2 8] 47 7E
B3 2 7 (P<0.05)

Note: Different lowercase letters indicate that there are
significant differences between the levels of antibacterial
activity of different medium (P<0.05).

FRILMAR 5 SRR YR B By,
HPLC $5 20 B o RV B 7 L 455 55 B 1A
Pk HL-3 MR A i+ & (K 3), A
B EBURE LAY LEE R, R s
MR VP RREEFRIEMEy HL-3 B RRIE— B OB
TR R B IR I . R, TEEE 5 SHFRIEN
iR AR, Bk HL-3 B9 % B4 s — H 7 it
K(E 4).
232 EFEHRE

BRSO RV RS R R T, DR
[ V¢ 52 1) NaCl AR BRI 7K R 17k 88 190 0 2
FERNER 4 R 2 NaCl W EE Rl 2%0T,
BB HL-3 UAE A ™ 9 0 400 T A80OR B 4
HPLC f5 43 3% W Ho Ak 2= Z e o ek A . [
I, BEFE NaCl ¥R 2% ek Vb IR 1% 55 2
& 32 °C Fl 160 r/min £/ FHEIREEFRE 7 d1ER
BIPE HL-3 G s s s i o o i 1 4 ot i 1 =

ZAF

150 1

WVL: 254 nm

100
=)
<
g

50

0 0 , ,
0 5 10 15 20 25

¢ (min)

B 3 E#k HL-3 EYRIPKIEFEDLE~Y
HPLC 54 [&

Figure 3  HPLC finger-print of fermentation
products in modified Sabouraud’s medium of strain
HL-3.

40007 WVL: 254 nm
3000}
2 2000}
£
1000}
w——ﬁ——qJ : : ,
0 5 10 15 20 25
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B4 BEHRHL3IEHEESSEFREPHLRESY
HPLC 54 [

Figure 4  HPLC finger-print of fermentation
products in fungal No. 5 medium of strain HL-3.
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R4 TRHBZEFGTRESYHINEE
Table 4 The inhibition zone of fermentation products
under different salinity conditions

NaCl ¥k i 7 Rl

Salinity of NaCl (%) Inhibition zone (X+SD, n=3, mm)

0 17.5+0.3¢

1 15.9+0.4d

2 19.5+0.1a

3 18.3+£0.2b

4 17.5+0.6¢

5 17.5+0.5¢

e AR/ING FARE R R AN R NaCl e B30 5 7 K 22 18]
AFAE i35 22 5+ (P<0.05)

Note: Different lowercase letters indicate that there are
significant differences between the levels of antibacterial
activity of different salinity of NaCl (P<0.05).

ik TEBHRMAA; "H NMR (500 MHz,
CD;OD): §7.9 (1H, s, H-6), 6.5 (1H, s, H-3),
4.4 (2H, s, H-7), "C NMR (125 MHz, DMSO):
8 174.4 (C-4),168.6 (C-2),146.2 (C-5),139.7 (C-6),
110.3 (C-3), 59.9 (C-7); ESI-MS m/z 143.0 [M+H] ",
DL B85t 55 SCHR (15100 4 i — 3, PR 48 e 14k
YR, e s s

i R C R VS I SR T P f D A SR R T
SECXT R i 5K B ) e /N B MR EE A 4.0 mg/mL
(F 5)o 5 ICHR[16]HE o il 2 ) K A 147 A 4
B (6 4] 28 BR TR 1 P o O

3 WwE5E®

WHFERI], PG Z (A7 1R 5 Y
Ko L, RTLAIK )™ i B A= Gl 2 49 v i
e Xt 7K 7 B A TR PR R AR . AT
AT 77 ity v 8 B e 60 7K D i B AT S S
PR B B bR, IR A B T — BRI U 5
PR PR A EL TR HL-3 T8 Wk o il o 1 PR TR A5 R AR
FMITS JFHI43HT, K HL-3 FERE % E R #Hh 5
B R — AR T R R T A= T A A B
B, BERE RN | KIS A A 2S5 A A

B 5 HBERRKFLEN

Figure 5 Chemical structure of kojic acid.

x5 HEHENEMBER MIC
Table 5 Determination of MIC of kojic acid by
Oxford cup method

i PR v JiE i el
Concentration of kojic acid Inhibition zone
(mg/mL) (X£SD, n=3, mm)
3 None

4 8.4+0.4d

5 9.2+0.4c

6 9.9+0.3c

7 12.440.4b

8 14.7+0.3a

T ANTRL/ING B 28 7R A (] R e B2 410 78 35 1 7K Z 18] A
TEI & 2 5 (P<0.05)

Note: Different lowercase letters superscript indicate that
there are significant differences between the levels of
antibacterial activity of different concentration of kojic acid
(P<0.05).

FAV IR ARG =4, Horh B b A5 ) R B —
SERIVUE . A RPN B R AL S R T T2,

A R S Y B PR A T RE
FFZ AR R R sg ), 5] 40wt 4 sl A= 25
W BRI AL ARBFSE X B HL-3
PRAR B BT R 0 SBT3 1 ok A A P 1
T 5 5 FEEAT T 0 TE WA 2% NaCl ¥k B iy ek
RLVDRBEFRIEAE S HL-3 BRkE— Lok 8 5%
R IR R . (AR B, ERE IR IE 0 1k
T, HE S SIEREENSERE YA B —
P, AT AR R A AR A R . R R K
20 B AN 75 B R LA T A ) — e LY
Ry, JRssmiib &9 . g BA i
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