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B OE: [B8)] L2 —HMEARTEZBERERARY LA 5k H iﬂ’wﬂl‘/i 2
M AB B HN4-13, RALE S RIAH EWRM R L BLM. [Fx] B8 EFNRA
ITS 53| 5#7 7 ik 3t B Ak HN4-13 #4757 838 R ah & B35 Al Jf ik @“iiﬁ&i#&i&
e E R F R, %M KA BRI OTAL S RILE E R R KBS, [4R] B
#h HN4-13 4% %52 A F AW E (Aspergillus flavipes), B2 ib3u & M= W69 R BESAF A
4%FAE . 0.5%% & F. 0.1% KCl. 0.06% NaH,PO,. 28 °C. 1%+ & . 160 r/min 37~ 9 d.
[4£6])] £ R A —F 5 5 bk HNA-13 BT 5 3 7 B AR = 3R AL T 2 ad.
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Identification and fermentation optimization of marine
fungus HN4-13 with antibacterial activity
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Abstract: [Objective] To identify marine fungus HN4-13 isolated from Lianyungang coastal
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sea sediments with antibacterial activity and to optimize the fermentation conditions of syn-
thesizing antibacterial active substances. [Methods] Strain HN4-13 was identified based on its
morphological characters and internal transcribed spacer (ITS) sequence; The optimization of
fermentation conditions for antibacterial production by strain HN4-13 were investigated by the
one-factor-at-a-time method and the orthogonal design method. [Results] Strain HN4-13 was
identified as Aspergillus flavipes, and the optimal fermentation conditions can be recognized as
follows: 4% 0.5% 0.1% KCI, 0.06% NaH,PO., 1%

concentration, 28 °C, 160 r/min for 9 days. [Conclusion] The results provide the clues for

sucrose, peptone, inoculation

further separation and purification of the antibacterial active metabolites derived from strain

2013, Vol.40, No.6

HN4-13.

Keywords: Marine fungus, Antibacterial activity, Identification, Fermentation optimization
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1.1

111 R ERR: Ffk HN4-13 Rk =i
TR 4 B AT B0 0 — AR LT, PRAE T AR SEES
%o W PR B AREEINE (Vibrio anguillarum)F
W& K SN B (Aderomonas hydrophila) AR 2865
TRAF

1.1.2  EFRE: WG TR SR A
NG (PDA)RIHI S IR 5L, TR M A B 3R B P IR
[ A b 75 5L (SDA) R IR 5, 10 R 3 75 56 4
PRE B R 2

1.2 Etk HN4-13 R4 E

1.2.1  $EFR4HME: % HN4-13 BRI
BHE 972 5L (SDA, 4% MM . 1% & Ak, T
1.5%) AR I, 28 °C ¥55% 7 d, MEI iR ETEIE
AR LT Hb R (8 5T A RETE

122 BEAREESEE: ¥Flk HN4-13 7 SDA
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AR SR L T2t 3%, IR s L 45°
Am ARG, H55F 714 d FRISAERA
2RISR A, KR 2.5%M 80 R I E
J&, PBS MBI TR, BREENIKIFZ CO, Il
T, RS S, H#E T B E
[LRLSIZOTiR G

1.2.3 ITS FH4HM: 1TS Faly 854 h:
5-TCCGTAGGTGAACCTGCGG-3' ( li#51#),
5"-TCCTCCGCTTATTGATATGC-3' (R i3 4),
A A s =i B AE R B A R A R G . #Ear
25uL PCR & W f& & : 2.5 pmol/L dNTPs .

10 pmol/L 5 1#IATS e FiF5 [ 4(1TS4). 3 U
Taq plus DNA A Hi(_ LA T) . 1xPCR W42
W(F 2.5 mmol/L ) MgCl,, [ifFA: TR
50-100 ng ik DNA. ¥ PCR KW RIS, JhL
4 R: 94 °C 5 min; 94 °C 1 min, 57 °C 45 s,
72 °C 45's, 35 MR, 72 °C 10 min,

PCR 7= 2 [l SR 7 5, 3 91 4 22 5]
GenBank 1, F|f] BLAST A7 HH L5014
%, #—H% ] ClustalX (Ver. 1.83 )%} & [R5 )5
AT 2 PSRRI /3T, SR )5 FIFH MEGA #44H iy
N-J ¥ (Neighbor-Joining) 4 it R 4 & B W, B
H ERECH 1000 K.

1.3 E#k HN4-13 i EE M R R B2 &4
it

1.3.1 EHRIEFSMFEH & HN4-13 Fitk
ATV GBI (SDA)RHA H5 57 5L, 28 °C 557
3-4 d, PRETEILIEERE, HFh T84 100 mL ¥
MRS F2 3L (SD) Y 250 mL #EIEH A, 28 °C.
160 r/min 5557 24 h J5/E M FFiR &

1.3.2  EREFEGIE: 7% 1% (/) HLEE Sl
28 ATl 7300 4 S am A 1) T 4% 2 ) W R AR 8 5
H(PD, 20%+ 5, 2% @AbE) . U IR AR 573t
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i £, 0.30% NaNOs;, 0.05% KCI, 0.05%

MgSO,-7H,0, 0.001% FeSO,, 0.10% K,HPO,)H,
28 °C, 160 r/min 553 7 d &, fh3E, USE L BER
DAEINEE . WK SRR AR R, A A EAR
B 0F LA [ S Bl 15 37 i 5% 5 i AR A5 10 2 T o o
FFAM GG PE S BT, 16 1 /N LA 1 B8l B A% (mm)
TN

1.3.3 BRIBBITHIE: 0 E SR RIS, %
1% (VLB 1.3.1 Fl 45 imh 53 43 i
ABNEA 3% (RIATHE . Rt . 22200

SobE . FUBHRRE SRS, % 1.3.2 P TE
Pk HN4-13 #E17H5 R, IEX0 R R e A T e G
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1.3.4  RURRIGHIE: 7680 E 55 5 JL 0 IR A0 L md
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I . KNOy) 3R EE, 2 1.3.2 iy iEx |
Pk HN4-13 SEF7355R, 0 R A T A
PERZIN .

1.3.5 FTHLERAYTFIE: 760 15 R i /IR
Fehih b, # 1% (VBB 1.3.1 dil & i
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(KH,PO, . MgSO,. CaCl,. KCI. NaHPO,.

KoHPO) s SR FEH, 422 1.3.2 By 7 2% TR ik
HN4-13 SFA73E SR, % FL A R A 7 00 TR0
I

1.3.6 IEFEAH ML RAILERE T
X HN4-13 FERRIREFRIEA it riife, R K&
KDL 1.

1.3.7 AEBIEFAERBE: % 1% (V) LLH)
131 Pl RO A BSR4
Hh, 4% 1.3.2 PR ERA EHREE TR R 4-10 d.
R 1, A & B i A s M A A
TH(90 °C #t 12 h), %% HN4-13 AR AT
PN A 4 o S Bt s 8 A8 AR AR, B 58 A TR
FRMFIA]
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Table 1 The factors and levels of orthogonal experiment

2 Factors

K-
Lovels A HEHE B & C AMH D i — AU
Sucrose (%) Peptone (%) KCI (%) NaH,PO, (%)
1 2 0.5 0.02 0.02
2 3 1.0 0.06 0.06
3 4 1.5 0.10 0.10
2 sz 212 ITS FH9#: 4 PCR ¥ 15 itk

2.1 EFk HN4-13 HIEE

211 FEASF4FAE: WYE HN4-13 7RV IR L
28 °C 537 7 d HAZWIA 14 mm—21 mm, JFis
J2, 240k, BRSPIRIBLS: WLWIhH A, W
L, BHIRKZ, ARTERE, Bie;
PGS W B A L B T, PR HN4-13 /943
AL SRR AR IE, R BRI S A9
TH 2, MR Ew e, ZI5EN; WIETH
B T(E 1) SHAKITER11], P58 ik
HN4-13 5 % | W ] i % J& 2% 4 ih &

Aspergillus  flavipes (Bain. & Sart.) Thom &
Church,

10 kV 5 000x 5 um 25 29 SEI

HE Rk HN4-13 B9 ST

1
Fig. 1 Morphological characteristics of strain HN4-13
WA BEFHE; B: MR C A EfLT (Bar=5 pm).
Note: A: Colony; B: Conidiphore; C: Conidia (Bar=5 um).

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

HN4-13 19 ITS J¥51 4214 556 bp (GenBank H1/#)
JF515k 1X287370), BLASTn 43Hr4h H i /ni%
45 ih a5 & B (Aspergillus sp.)fY) 1TS ¥4I B
HAR R, Horh 558K Aspergillus flavipes
UWFP 1022, A. flavipes BH (J¥ %5 5N
AY214443.1 F1 GU566209. 1) ITS FFIHHLLYE N
99%, TELL N-J WA RGER E R RN FE—
WERE(E 2)0 PRI, BB IESFAHE, R
ENBAIMN R Aspergillus flavipes, KA 44N
Aspergillus flavipes strain HN4-13 .

2.2 Btk HN4-13 i EE Y R R B &4
itk

2.2.1 EREEFEME: VIRBIAEFRESD)H
BRR 00 R IR, T 5 5B AT 7K A TR X A 1
PR PR ELIE PR, TR AR50 R 13.74 mm
1 14.63 mm. 1S EH AR AR SR 3L (PD)
FAE [ RSB AR RS 35 2L (CY) R 5 19 R B
UK AR S PP TR B BRI, AR AR
19 15.07 mm A1 13.02 mm, X A5G B4
HTE TR . PRV IR AR R TR B R e Ak
MR FR 3

222 BORFMEURATEE: k. AR5
P (3R 2)R W, TERERER F R AR il . A
T 1) R T RO0T B TR . W K S B T A T TR
PRSI, DRI 35k 56 TR AR R B 1 AR R 5 3R I A
&R/
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@® HN4-13
Aspergillus flavipes BH (GU566209.1)

Aspergillus flavipes UWFP 102 (AY214443.1)
Aspergillus iizukae (FR727134.1)

100 |—
62

—
0.005

2

Aspergillus iizukae NRRL 3750 (AY822648.1)

70 Aspergillus flavipes CanS-34A (JF817254.1)
Aspergillus flavipes AS-8 (EU515154.1)
|— Aspergillus terreus SHPPO1 (JF738047.1)

Aspergillus terreus K-1-7 (JQ963340.1)

Aspergillus niveus A17 (JN246071.1)
97 Aspergillus candidus CY104 (HQ607958.1)

HETF ITS FIIMEHk HN4-13 SEHEHEREENRARALZB T

Fig. 2 Polymeric analysis of strain HN4-13 and other Aspergillus strains based on the sequence of ITS
TE: 4855 IS UK R R GenBank 5% 5 7 SOl ERECFAREITEN 1000 YCRIEEI—EAILE; FRRZIENE 0.5%11

P25 5.

Note: The sequence number in the bracket means the GenBank accession number of the strain. The number at the node means the
percentage of occurrence in 1 000 boot-straped trees. The scale bar means 0.5% sequence difference.

Fz2 ARREMRIFESMETHK HN4-13 2B R E B

Table 2 Inhibition zone of the fermentation broth of strain HN4-13 cultured in different

carbon and nitrogen sources (mm)

A Carbon source Nitrogen source
Bacerm  MNE ew gpw o w mw o me BOTTIE g
Glucose  Sucrose Maltose Fructose Lactose  Peptone east 2 KNO;
extract extract

P
BRI 11.20 14.40 11.17 13.42 - 16.20 13.15 - -
Vibrio anguillarum
K AT
Aergmonas hydro- 1170 1380 1221 12.51 1351 15.53 15.38 - -
phila

Ve — AN

Note: —: No antibacterial activity.

223 FTHLERTHIE: TOHLER T 1k 1) 5L 56 50
(3 3)F W, KC1 Hl NaH,PO, 43 5I1E - K B 37 5k
HAS NP TCAILER B, R TR AR () e R 300 1 %o 6 5
BRGSO IR VR, BT KCL
1l NaH,PO4 VE R85 35 I (1) TCHLER

2.2.4 EFREEASBIMA: EREELLR ISR
I, RN . B, KCL A NaHPO,/E A1
fEEH 4 ANRE, BT T Lo(3hIEACL s, Wk 4

Jin, XIS ZE R AT BB R 2243 Br I nl
A, P RN ) R4l Ao A3B1C3D2, il
IR SRR AR A1 A A3B1C3D3, HA D
HZ KT 3L A AL A 1T
FRE, 78 D2 f1 D3 K FEEMT, KRBT
8 5L P AN RS M2 08 16.09 mm+0.71 mm
F115.92 mm+0.67 mm (n=6), X Fg /K< A E
BB % 11.72 mm=0.98 mm £l

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



956 WAEY) ¥ E 4 Microbiol. China 2013, Vol.40, No.6

R3 FREIEHNEBFHTEK HN4-13 R BRI & B

Table 3 Inhibition zone of the fermentation broth of strain HN4-13 cultured in different inorganic salts (mm)

Johlh
‘\n . e
i lil Inorganic salts
Bacterium KCl CaCl, MgSO, NaH,PO, KH,PO, K,HPO,
fih
,%gm.%ﬁ ; 13.57 15.54 15.89 14.28 14.71 13.12
Vibrio anguillarum
=

I KR B 14.06 - - 12.01 - -
Aeromonas hydrophila

T = TCMETS L.

Note: —: No antibacterial activity.

F4 LGHEXRWEITRE

Table 4 Ly(3") orthogonal experimental design and results

R ias) NN LEIALES
No. Factors Response value (x+s, #=3, mm)
RERE HH Ak BERR — &4 BRI ER K I
Sucrose (%) Peptone (%) KCI (%) NaH,PO4 (%) V. anguillarum A. hydrophila
1 12 1(0.5) 1 (0.02) 1 (0.02) 8.69+0.13 9.15+0.23
2 1 2 (1.0) 2 (0.06) 2 (0.06) 8.76+0.11 9.13+0.67
3 1 3(1.5) 3(0.10) 3(0.10) 7.98+0.10 10.36+0.23
4 203 1 2 3 10.79+0.50 10.80+0.10
5 2 2 3 1 11.18+0.21 9.87+0.24
6 2 3 1 2 9.93+0.16 9.17+0.09
7 34 1 3 2 15.54+0.30 11.53+0.13
8 3 2 1 3 10.04+0.16 12.07+0.24
9 3 3 2 1 12.71+0.26 11.77+0.16

Ki-V.(4) 2543 (28.64)"  35.02(28.64)  28.66(30.39)  32.58 (30.79)
K»V.(4)  31.90(29.84) 2998 (31.07) 3226 (31.70)  34.23 (29.83)
Ky-V.(4)  3829(3537  30.62(31.30)  34.70 (31.76)  28.81(33.23)

Si-V. (4.) 27.56 (8.59) 5.02 (0.03) 6.16 (0.40) 5.15 (2.05)
EWI
Primary and A>C>D>B (A>D>C>B)
secondary order
4?E7J(5|Z A3 (A3) BI (Bl) C3(C3) D2 (D3)
Optimal level
s
Optimal com- A3B1C3D2 (A3B1C3D3)
bination
GG
Final optimal A3BI1C3D2
combination
T S NERERERSERR KT T S SRR (V. anguillarum)WE, 55 NFREK S EANTE (A, hydrophila)f
ME] 3.

Note: " The inside of bracket shows the actual level of factors; *: The outside of bracket shows the response of V. anguillarum and
the inside shows the response of 4. hydrophila.

http://journals.im.ac.cn/wswxtbcn
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11.53 mm=0.99 mm (n=6), " LLFE HHZE D2 I
D3 5T R M B E22 R A  3E,
MTT 2y RE P, 8 D2 VRN Aok
S, BIRAL R RS TR B R 4% REAE L 0.5% 3K
J: . 0.1% KCl, 0.06% NaH,PO,.

225 AEAMEFERHE: @K 3 L
KL, K HN4-13 iAW) RE7E 4-9 d 1Y RG]
PIERA N, FE5S 9 RiIBFIER, 55 9-10 RAEY
TR . T AR I EG R, ik
RRFR 3 RO TS AR5 8-9 RikBIK,
55 9 KA A RO B8 51 VG /K A< I B A 0 T
Pl A2 90 15.65 mm AT 12.75 mm, HILHE
PRIk HN4-13 B AR ECH 9 do X FIE 4B 1Y
— SR 7 B B RSP R AT A R

18 ¢ 110
gls- 1
>\ ~~
:512- e 2
g 9 =
= —e—12v 14 3
$t
3 6f —=—ZA -
S —A—DCW 15
s 3t
<

0 0

4 5 6 7 8 9 10
Fermentation time (d)

3 E# HN4-13 £ A BIER P A BRI E
EMMERTENTN
Fig. 3 The variation of antibacterial activity and dry
cell weight of strain HN4-13 during the fermentation
time course in a 1-1 flask
T 1ZV: RO S8BT 1 1ZA: R E K
MR ARG 1 DCW: R
Note: IZV: The antibacterial activity against V. anguillarum of

HN4-13 broth; IZA: The antibacterial activity against A. hy-
drophila of HN4-13 broth; DCW: Dry cell weight.

3 g
PEAhit, IBHEEEE/A 1500 F,{HF)] 2000

M IE, BRI R E A 444 Fh, ANF|
Ik s LA R BR(ZY 5 TR 1961 R, TR R

A TR R AR B, BRI, 1
HR AR R R LD SR EY
MBI G YN F, I AR ) A&
Pt HRTE LT 7 254 4 A P,
FE A Wl 2 M A i B — 28 AR P

“KA R 2RI ACH = P e 2
B e TR B R S R R E M AR
BARUEM MR E L, (A RATWIRD, Rf
W LR W0k S AR T AR SS &, A REMARZEZ
VR ELT T R B KA R

T EL I HN4-13 bR AT 2 R BT/
PR I M A 2% (TLC . HPLC)FHAE B i 16 77
25, MNI% 2z s T Bl R Y T v 0 B 5 3 Y — PR R
AP PE R R R AR AT
HN4-13 R PIERFRAER ITS 915004521,
B H A8 N AR N B (Aspergillus flavipes). AR
Mg e —Fh oA iz W EE, ENICT ER
it B 1 B9 2 B4 v T B RN A A O
7 o BEAR A T AP AR R LR R
o= LW VRN R R O S L AL, B
e NV WA S VAR 7 i ol 1 25U N
RS I RSP Aspochalasin LRI 26
DRI AL A PO, HA YU . PURE ST
PEo XEERFTESER 1 iRl A 7 LR BUR TG )
JoT B 7, 3 AR K T A A B AR A T SR
PR SEII= SRS ER 3PS S W Wl = =377
AR A A SR TR S T i
— X Aspergillus flavipes strain HN4-13 H T
WGP AT B AL AR, A B T R R 4s
FRAR BRI PR G, AHOC TARIEAEHT T,

2 % X
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