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Table 1 Coordinates of sampling locations and sources of sam-

ples
75 e K& R it R U
Serial Northern East Sample
number latitude longitude source
1 21°96'35" 109°16'22" Salt field drainage
pool water
2 21026/35// 109016/22// Scd_imcnts of salt
drainage ponds
3 21°26'35" 109°16'23" Salt field water
4 21°26'35" 109°16'23" Sediments of salt field
5 21°96'35" 109°16'23" S?dimenls of salt field
ditch
6 21°26'35" 109°16'23" Salt field ditch water
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K 25 W) W & (90% Minimal Inhibitory Concentra-
tion, MICqy) . M (%) = (BAM:XF BE W 6 — k¢
i A /B X BRI S X 100 %6 .

2 HRE5HSMH

2.1 FIEFEENIBER

Xof SR B 11 1R 0 £ AR A AT 2 B Ak, 15 3 16
FR AT B FE MO G Eh B L 1 & 6 S5 R RE M S T bR B
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512 BALST Hoxb . $5)5 HAR MU 5 97 04 LA F YT
BCF 3 . bR 2R 285 SR A5 5] 12 Ff Al i 1 R LA L 43
J& T 6 # 6 J& , Hor A1 R} (Moniliaceae) 5 761 7 J&
(Cladosporium) 3 F, 2Ky B8 #} (Ustilaginaceae)
il J& (Nigrospora) 3 i, g 4 B ( Tuberculari-
x2 ETFIISEFIAMEENLEIHRBBER

aceae) i T H & (Fusarium )3 Fv , 4% 71 & 5 B+ (Pleos-
poraceae) 5EKS & (Alternaria)1 Fp, B @ fA Bl (De-
matiaceae) 2 i J& (Curvularia) 1 Fh, & £ & 5¢ &}
(Didymosphaeriaceae) Paraphaeosphaeria J& 1 Fi
(F2,H 1D,

Table 2 Fungus identification of Beihai Zhulin Salt Field based on ITS sequence analysis

¥ [EL3 A= 5 B bk (BLAST) HAABLEE/ 2 GenBank % 5% 5
Serial number Strain number Closest strain (BLAST) Similarity/ % GenBank accessing number
1 GXIMD00527 Fusarium incarnatum 99. 44 ON287016
2 GXIMD00528 Fusarium sp. LD-12 100. 00 ON287017
3 GXIMD00529 Paraphaeosphaeria sp. QTYC50 100. 00 ON287018
4 GXIMD00531 Nigrospora oryzae 99. 80 ON287019
5 GXIMD00532 Alternaria alternata 99. 81 ON287020
6 GXIMD00533 Cladosporium cladosporioides 100. 00 ON287021
7 GXIMD00534 Cladosporium dominicanum 100. 00 ON287022
8 GXIMD00535 Cladosporium oxysporum 99. 80 ON287023
9 GXIMD00536 N. sphaerica 99. 22 ON287024
10 GXIMD00538 Curvularia hawaiiensis 99.22 ON287025
11 GXIMD00540 Nigrospora sp. JS3 99. 61 ON287026
12 GXIMD00541 F. chlamydosporum 99. 44 ON287027
Fusarium incarnatum (MT367538.1)
GXIMDOO0527
N Fusarium sp. LD-12 (EU142848.1)
1000 Fusarium chlamydosporum (HQ654898.1)
GXIMDOO0541
95 GXIMDO0528
100] Nigrospora sphaerica (MW077080.1)
GXIMDOO0536
100 [ GXIMDOO0531
99 Nigrospora oryzae (MK834673.1)
100| Nigrospora sp.JS3 (KM513608.1)
GXIMDO0540
100 Cladosporium dominicanum (K'Y 827344.1)
GXIMDO0534
100]73 Cladosporium cladosporioides (EU935608.1)
GXIMDOO0533
100 Cladosporium oxysporum (MK748311.1)
72 GXIMDOO0535
100) Paraphaeosphaeriasp. QTYC50 (KM103303.1)
GXIMDO0529
100 109' Alternaria alternata (KC702779.1)
GXIMDO0532
100 | Curvularia hawaiiensis (MT065820.1)
100" GXIMDO0538
Penicillium digitatum (NW014574583.1)
A
0.050

B ET NJEMENRERTW

Fig. 1

Phylogenetic tree based on the N-J method
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2.3 WEEMEER

BT R FE R U HT MASA (SE.SA Fl ST i P 45
Wk 3 pros, o FLincarnatum GXIMDO00527 #
RESE LY X 4 Fhds R T AR A B R A B M
(MICqy,<<3. 125 pg/mL)  H G PEAE FH 5 FH 1 T BE 51
BERMY; HE F. chlamydosporum GXIMD00541
KPP AT 4 P4 7R B B0 I R A A (MICy, <<
%3 HEABSYNZBRZERNMONEESE

6.25 pg/mL); H BE Alternaria alternata GX-
IMDO00532, Cladosporium cladosporioides GX-
IMDO00533 . Curvularia hawaiiensis GXIMD00538
K WEFE IR MRSA A — %2 B 3158 15 1 (MIC,, <25
pg/mL) XA 3 B 7 T 3R B A BR A | T K BE
BRI T L AR BRI T T 55 (MICy, > 25 pg/

mL),

Table 3 Antibacterial activity of ethyl acetate extracts of fungal fermentation products Unit: pg/mL
MIC,,
bk g £
Number oF rain YLl AR AL IR
MRSA
GXIMD00527 <3.125 <3.125 <3.125 <3.125
GXIMDO00532 25 =>25 =>25 =>25
GXIMDO00533 25 =>25 =>25 =>25
GXIMD00538 12.5 =>25 =>25 =>25
GXIMDO00541 <6. 25 <6.25 6. 25 <6.25
Chloramphenicol <(3.125 3.125 3.125 3.125
Penicillin <C0.781 25 <<0.781 25 1.562 5 >25

Note: chloramphenicol and penicillin are positive controls.
A Ay
3 itig

T BIEGE AL AT bR ER 37 4 i v LT W) R £
BEME AR TR F 2020 4F 11 A AE) PEALIET AR
0 R 3 5 SR A M SR B A i, 40 B A B AT B SR AR i g R
PO 16 bk, %5E S 6 BL 6 B 12 Al BRE IR
2019 4F 5 J RAE W JL AT AR £ 37 i R TR A b o e
53 26 tRIEEh W L B E N 3R 4R 11 B, Hob i
2 1 Ji Al 2 O e R L b e 3 0l ik 3] 55040 AN
27% . ABFFE BT 15 05 £ EUT W RS B 0 Y A R
TEAH L, PO 3 55 B 19 B 4% 4% 18 (Alternaria) W
PR o AEAS [A) A 2 s A BIF T 53 8 4 30 1) A iy 1 6 L TR )
P w O HARSAE AN R Sy B AT & (3 Fi L]
ERE G I ERE G M), kg5 RER . A
2747 1 G ¥ AT AR ER 37 1 o W AR L T W) Bl 2 AEPEAN T
TERG IR BB WS AT G IR 275, 7] AT R 40
M AIF 5T A T v ER FH A S ok EC TR A 4 R 2 R

ABIF 5T K B R BT T T M I A e D T R LA
F. incarnatum GXIMDO00527 #1 F. chlamydospo-
rum GXIMDO00541. #f 7] 1 J& B# )iz 70 i T+ 1
FAT HLAR N 0F 58 38 DA [m] Jl 38 A it 40 5 L 20
KEMHRIERER . ZEEHTEW - EASY
JBT, Wl U] EL A B R T g B O R, 5 R

NSRBI R B bR T AR
Yy BAh GBI BRI A A G A e
JIRZS (T e % L 288 RIS b ) 45, 3 e AR i A L
AR PR AN P R B AT IR R R AR
WY P P

W Eh U TR Ry 1 B I BR B L AR R TR AR
Wik, RKPAEFERBIAE T EhAERAE ST
AT P E A — AN SRR
Na " Xof g £ L T 20 i R 104 45 R0 B i 200 JH B 11%) 45 4 5
MYt E EEEM . tAh, iR R 4 A AR
Bl R CHT AR Bl (15 0 EE B B A e s ARk
SR ARG T . R R 0 A BEAL R kT v
R E R YRR Y e AR T I R AR
oo AWESE 8k U] TR B R B F. incarnatum
GXIMDO00527, F. chlamydosporum GXIMD00541
1) TR £ T R4 W) HAT A e 1) 00 355 A LI A9 BF 5
AAS Jry BIR R4 40 1 955 P 00 5, 4 J o DA A BT 9% P Sy
S 1), PR T R SR D TR T B Eh A A ELAARTE T B4

4 Hit

AW 3 B A B AT B IR A v g R LA 16 Bk 48
ERE6F6E 12 M, HAEE.RAERE. HITH
J& .5 & . Paraphaeosphaeria J& i H RN AL AT
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MERT T AR, W T AL AR ER 8 R B Y
YiFh ZRENE . ARBESEH 5 T AL AT AR SR 3 0 Eh HOE

A TR TG 1 Kb ik D R B F L incarnatum GX-
IMDO00527 . F. chlamydosporum GXIMDO00541 Y %
T 77 %8 4 R DU A0 T 28 SR BN 0 3 RO I TR O A L R
ginl gt — LY KR BEWT T R TGy . AWFSE
P TR FUR A YR Z AR O U i Eh R B
TR — 20 TF R R R AL T B RD S Fr

S &k
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Diversity and Antibacterial Activity of Extremely Halophilic

Fungi from Beihai Zhulin Salt Field

LI Haiyan, LU Chunju,ZHANG Gengsi,ZHOU Dongmei,SU Zhiwei, GAO Chenghai,

XU Xinya“ " ,LIU Yonghong ™~

(Institute of Marine Drugs,Guangxi University of Chinese Medicine, Nanning, Guangxi,530200,China)

Abstract : In order to investigate the species diversity and antibacterial activity of extremely halophilic fungi in

Beihai Zhulin Salt Field, high salt medium was used to isolate culturable fungi from saturated salinity sam-
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pling points in salt field, and the strains were identified based on ITS gene sequence. Methicillin resistant
Staphylococcus aureus (MRSA), Staphylococcus epidermidis (SE), Streptococcus agalactiae (SA) and
Strepstococcus iniae (SI) were used as indicator bacteria to evaluate the antibacterial activity of fungal fer-
mentation extracts by 96-well plate method. In this study,16 strains of culturable extreme halophilic fungi
were isolated and identified as 12 species,6 genera and 6 families. Among them,Cladosporium (3 species) ,
Nigrospora (3 species) and Fusarium (3 species) were the dominant genera. The fermentation products of
F.incarnatum GXIMDO00527 and F. chlamydosporum GXIMD00541 had strong antibacterial activity against
four indicator bacteria (90% Minimal Inhibitory Concentration, MICq, < 6. 25 pg/mlL). The fermentation
products of Alternaria alternata GXIMD00532,Cladosporium cladosporioides GXIMD00533 and Curvularia
hawaiiensis GXIMDO00538 had antibacterial activity against MRSA ( MICy, <25 pg/mL). This study enriches
the species diversity of halophilic marine fungi in Guangxi and lays a foundation for the development and uti-
lization of marine microbial resources in Beibu Gulf.
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