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TN, om0 (Rl L fIGIR L SRR L SAR . = Eh5%)
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TEBERAS: M ECB HS1-1 B 2L R PE AN B3 1 553

Pyt I OB AP SR BE T BE . 2295 S AE T T 5T
G L EH I T Ui 240 T 2 R e B TR P A A
MR, R IR A BT XIEAES ey 1)
e H BT, JFIE T HPUR G, 2> B
23 BRI, HHH 60.9% APURTETE. M HER
KR Z 2R, X R UIBA AT RE MDA MR Y
Mo BRER I Fp A DR AT o R A A S T
TET 85 77, W0 LA e L5 EHL 980 Ry O A L ) T R )
FRIR D RE TG VEEAHRIE AT A o AFFFELL AR
AT WL A LI 2 B AT 2 1 R AR
HS1-1 9t A R, MHZ R T S 7 Koy T K
UE, WEIT A BRI, 7 B EE S S PURITE , LA
JAA XA R R E— 2P ST AR LR,

1 MR5EE

1.1 BEHERIE  20204F 11 A 3 H AL G
AR X EME 1 ~2m 5 E 5~ 15 cm RE
KAL) L 4 B ARAS W AR, & 44°C ) T A

AT $R LB 25 1 30 B 4 BRI PR EC TR, e Hrp
f HS1-1 AR A PR B

PG I AR R TR 28 B BB M T J® SL-1
(Pseudoalteromonas sp., % 5 5 : F1404757.1), &
K E 45 I )& SL-2(Kurthia gibsonii strain, % 5%
5 EF032685.1) ¥ 0 28 3 T 76 1) TR A2 DA Y2 VAR IR
(e - =R VR R s BN 7R S ]
(Escherichia coli) . 5 ¢ 5% 28 M I (Pseudomonas
aeruginosa) . “4x ¥ {4 7 % BR W (Staphylococcus
aureus ) ) B T HE S 90 2 RAFHY TR
1.2 HEFEXRIFE D2 AR K R i
(PDA): |7 R A IS A DR A BRA 6 58 54
7 (PDB): BN i A iR A PR | SR
T BRI 5E: T AR A YA YR A FRA F;
MR TSR JUr R R R e A IR A W] B
FEPEhGE: A B BRI A BR A R . JE # Tl 4%
FREEON | WEIT R SRR R YE R EEE AR 5
SROWH B G 5 B4 Fh o B0 B 5 R B A S

19°C & 00, B Mt AR . FEURE B BRSO RI VRIS o, BRIk 1.
#1 FEEEFE
FERE IR A fic 77
, N AL ERY20.0 gL', KC10.5 g'L ', NaNO; 2.0 g'L ™!, K3PO,4 1.0 g-L ™', MgSO,4-7H,0 0.5 g-L!, Biifig
Foy il 5% 5 3t N
VERRAR AL 18.0 g-L ™", #7K£430.0 g-L™', ddH,0O 1000 mL
N W% 10.0 gL, K,HPO, 1.0 g'L ™', FeSO, 0.01 g'L ™', NaNO; 3.0 g-L ™', KCI 0.5 g-L™', MgSO,-7H,0
prirmstigee o0 1008 L L KoHPO, 10 4001 g ;30g gL, MgSO, TH,
0.5g-L", 5fE15.0 g'L™', dd H,0 1000 mL

U PRI EL2T 4 8.0 gL', KC10.5 g'L ™", NaNO; 3.0 gL', FeSO, 0.01 g-L"', K,HPO, 1.0 g-L ™", MgSQ,-7H,0
TUARRIRIITEE 05 o L, ZAAE0.05 ¢ L', BA820.0 gL', ddH,O 1000 mL, pH6.0
R 9 2 SEEEME10.0 gL', CaCO5 6.0 gL', MgSO,-7H,0 0.25 g-L™, (NH,),S0, 2.5 g-L™', K,HPO, 0.02 g-L™', NaCl
JUZ = H

4.0 gL, Bifg20.0 gL, pH6.0

1.3 THHREBR HSI-1 WEE  H AR EHE
HS1-1 435350 T PDA ek K 5 T Bifig £ 7% 3k
th, T 35C HIR B FRAR T IR 2~ 5 d, WAV
TEAFHIE

NI FEEL PRI D VR TR 22, I FLIR A A FR 4 1k
Yeg e o, R vE A, B0 S AR 58 i)
MNESIZY k2N

PG RN AR R HS1-1 222 A TAY)
TR () e A FR A w4 PCR Y71 L MUY,
T FEEE . HFEENEIRNE: 4
27 5 7 BV R FH PN 3 B sz ) B DX (TS )l e 1) 7 9%,
1514 1TS1(5-TCCGTAGGTGAACCTGCGG-
3") 1 ITS4(5'-TCCTCCGCTTATTGATATGC-3'),
K H T 7% PCR Y J7 32 %5 1 126 15 21 19 i #4 5 7e

HS1-1 1Y ITS JE #4793 . PCR 93K % 5
¥ ITS1 1 ITS4 4% 1 pL, 10 X PCR Buffer, dNTP
(each 10 mmol-L™"), Taq Plus DNA Polymerase
(5 U-pL )3t 12,5 pL, 50 mmol-L™' MgSO,
Template (DNA)# 1 pL, ddH,0 9.5 pL, BAKFH Ky
25 pL; PCR #7845 95°C 5 min; 94°C 30 s, 57°C
30 s, 72°C 90 s, 3 30 YK AE ¥R 5 72°C 10 min, Hf
PCR /= W) 19 I 7 45 S F NCBI %% 4 & i 17
BLAST X o3 #7, AR GE St . ARAUME: i 1
MRIEHES . K MEGA 7 844 N-J % (neigh-
bor-joining method) H %% 1000 YK, #ifi & B Bl Fh & If:
L RFERKER

1.4 THRERE HSI-1 B IR MAR

141 BEMEARERGY R R SE R



554 #o A

S 2023 4F

PREEFD T2 R 5 T B st Fe s, %% T 15, 20,
25,30, 35, 40, 45, 50°C fHIREEFMREHR 7d, T
HH.S11-2 B #VE K 8 55°C #5557 7 d, AN
FE SR 3 AT, SR 38 SR TR VR
HARIFMEEHETETEA
1.4.2 BREMERERGY R ERRDTIH
JEREFEI A HIMA 0. 1%, 2%, 3%. 4%. 5%,
6%. 8%. 10% f¥ NaCl, FH &SR L3R s bk T 85 9%
Kb IFE T 35C PSR, AW E 34
SEAT, TN B AR AR M TE TS
1.4.3 pHAEREKGA  JHTUR DT K
BRF IR 30 pH o 2.0, 3.0, 4.0, 5.0, 6.0, 7.0,
8.0, 9.0, 10.0, 11.0, 12.0, FSMEZEMEKT
Bigedk b, IFE T 35C PR, B ERE
3AFATHS, & RV B OSSR TEIEAS
1.5 THHRER HSI-1 W~ESF AR HEHK
HS1-1 20 BIHEERN R 4 Fh™= B EE R 2D, fl1ET
TR FRAA R 35°C B53% 3 ~ 7 d, AP P= B FR 3
503 A AT . S BRBERGES I L BE T A 8 Sl i
LS TR Vi ] P 185 7 A 3 W P41, S i s S 3 ik
T G 0 WL 7K e BB %) R/ IN SR iff 5 v 00 Tl
LB 75 JR A Jo s o = A ks, 78 WS B =
VEH BRI RE 1, 22, WITE . 274 R R R L 2
FH 95% & LT 1 Y 0.1% ISR 21 G (o i e £, 15
FH 1 mol- L™ AL BB €2, H £ 1Bt €2 B[] 34 2y
1 UL WRERIE A H BRI £ b
1.6 THARER HS1-1 WIEFEMENE  KiGfk
U1 B R HS1-1 BREC— 28 237l 422 A 21 2 4 100
mL PDB FIgk B 5 T 357 3109 250 mL =M,
35°C, 135 r-min”' % K (HZQ-F160 % 3% 55 3544 ) 1
3% 7 d, 2 H S g AL g B R S, BOH A &
B, FH N-1100D-WB Jigh% 28 A 4s 5 15, K
DRI 4 R 5 T RS M
UG E . PRGOS LA T8 7 T, HeRh 3]
Az BRER K, 4R35 3 50 IR AR BN RS B, & B
ODyoo THH 0.6 F TR FEHEHT i &5 41 2K B
B PR R BSCGJE E A EAR, B 10 100 Al
PRER B SR AR, o [R5 R R AR AR I A
100 uL & Bk o & B 46 W, T 4°C VKA h L
3~ 4 h"E T 37°C K557 24 h H- DS H AR,
M B EARE LA RN RN ER N 7.8
mm ), JCHN T FE DL AE AR AR

1.7 BIRLIE XK EAA. B HR SR
BIFIH IMP Pro 3347 b F 22 R b . HLE
EEAKE o 2 0.05, B O 22500, FTA
X} Tukey HSD 3k LM, P<0.05 KR A W E1E
2E5, AR SO R RoR B B 22 7, &5
K H Origin {1224

2 HR5SH

2.1 THRER HSI-1 ESFERD FLE

211 HEHBINAK M EF HSI-11E
PDA FI R 5 T B R R 5E B ¥Re A<, HArek
RO T B 7R3 B AR R, B A ek R
I T 3G 5 3% AR A TR bR B 5% 10 A 3 I A 8 3R
o BT AT UL, 35°C 555 2 ~ 3 d IV I8 2 S0
b I EA T R - 48, B 24 ) P ke 1) SM R SiE S
FH B BB, B 22 ik BOR B 0, A U PR A R
TP . BB AR R RKE . pH. IR B fih ik
Ak, B TR S IR SO (8 2 00, B R e B ok
i,

HS1-1 ((ET) P, HS1-1 (i) [
BT BRI TR 2 d BTEIEA
212 MREBARK 2 BMEE0E(E 2) L],
PR HS1-1 3595 2 d Je W& H B &5 6, A 53E
6L 75 o A A Sk, T BUBS IR, AR 20
pm, /NEZHES, AR, BBk, AR
2.5 um, P Y E R HS1-1 M i 88 . kR
LG0T LA A 2GR, B RS RSk f; FL T i
B AE T MEEBIBRIE | SR i) AT, Sl T
FESEHE, T PR, S AT s AR AH (o
A y B

Pr
J;ﬂ §r < 1}

R
Ny 7A04 /
oS v’ v [ H - B
SRS 5pum g A 5um
K2 Witk HS1-1 A L5 (10x40)
A: B A TS A AR F T, Be R R A 70 7
%%O



%5 BEIERAE: A BB HS1-1 (2 BRI S 555
213 FTER  SLHPNY4 DNAJHL PCRY™ A FW (B 3). HSI-10E % 5 MZ413293) 5
B FIRE s L VK OULEE, BRIAE HS1-1 7E 500 ~ 600 bp A5 Aspergillus fumigatus IR-SGS-Y5 R7E[Rl—4 % I,

T M 457 . $238 ITS # %) & GenBank 3545 % 5%
2, FIH BLAST JEA7 [R) A X HL A7, M2 R 4

85

75]

r Asp

A PR AT . 5B MR T
KE , B RE VI FR TR R A B
Aspergillus fumigatus IR-SGS-Y5 (MW554703.1)

HSI-1

Aspergillus oerlinghausenensis CBS 139183 (NR_138362.1)
Aspergillus huiyaniae JCM 19448 (NR_151815.1)

Aspergillus denticulatus CBS 652.73 (NR_171616.1)

Aspergillus luteorubrus CBS 146723 (NR_172048.1)

Aspergillus arcoverdensis JCM 19878 (NR_151816.1)

75 Aspergillus aureolus NRRL 2244 (NR_135405.1)
83 Aspergillus wyomingensis CCF 4417 (HG324081.1)

ergillus stramenius NRRL 4652 (NR_137488.1)

97|— Aspergillus tasmanicus NBRC 8008 (AB185279.1)

0.01
Fl 3 NJ A HS1-1

2.2 THAER HS1-1 ARSI
221 AKEBERKE AREEXFTHEKAERK
TEOLULIE 4, TEFR HS1-1 7E 15 ~ 50°C AR L
WHREE K, 15C A K ®REMRE, 55C M k4t
Ko M1~3dafFEH, 40°C BHAEKEEH &S T
oAl B, 2 35°C, A i e ol R KR
JE R 40°C, i R AE AR KR EEVE F N I A KRR )
SR E T A 40°C . 35°C, 45°C, 30°C, 25°C, 50°C .
20°C, 15°C. Fod il & 40°C, 50°C e, B
A B T R, R R A i R Rl AR IR
FE— Ry 37°CP, 09T R BRI 7R 37°C K%
I V% AR f R, HLAE 50°C . 55°C 2R K21,
100

80 -
60 -

40}

E Y% HAR/mm

20+

0F

15 20 25 30 35 40 45 50 55 60
£/ °C
Bl 4 TR SR PEXT R bR HS1-1 A KA S0
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Thysanophora penicillioides NRRL 31511 (AF454088.1)

B ITS FH ARG A B

X GAMFR A KA BOARL . SREE A [7] I BE TR 7 B
A, PR I R O P N, A AR A
N TE 22 [ e 0, T S YK, TR T 80
R, Bk,

222 AR ERETHHRHSI-16GFrh  FE
HS1-1 FEA R ER v B i AR R AB DL WL 2. 7E 35°C
B BRRAE 0 ~ 10% (3R HR B82S I N I RRAE K, 2 ~
3 d W 1% ~ 2% $hik FE B B AL T H A, 4 d iR
WP 0~ 4% AR EARY KT 84.3 mm, FEi1F
MR AR o WOZ P IE FLER VR BEYE FL R 0 ~ 4%, e fE
AR AR R BE S 1% ~ 2%, HAq—aifdhtE, WA
FREE 7 RIAE KBS & P, S[R3 1k B8 1Y T V8 8
B RK, BEVE e S0 E S B 6 R IR
GG

223 FF pHA @AM/ BHSI-1 69 ¥ m A
pH %11 F B AR AR KR B0 W% 3. %R 7E pH
3~ 12BN ReERK, pHTE 6~ 9 BT KR
U, pH2 BRSNS . 1~ 4 d B pH 2l 6 il 7
WV EAS I KT HAL pH(P<0.05), 2 B i% 1 fi
W E pH YEFER 6 ~ 7, HAE b BRI ), HoAa
SR PR R AE 77 . X HL R 25 4 (pH2 ~ pH3), B Bk
FEREORME S5 (pHI T ~ pH12) A= K B ELAR 3, 1560
1} 56 6 AE 77 98 . AN [R] pH & 7% 8 25 4% ¢ (18] 5),



556 Ol ) 2 2023 4E
F2 ATREEREXENE HS1-1 £ KA#20
V& HLA%/ mm
ERURIE/%
1d 2d 3d 4d 5d 6d 7d
0 11.60£0.21a  37.75£0.20d  63.50£0.30c  84.56£0.31a
1 10.89£0.45ab  44.91+0.53a  70.36£0.37a  84.92+0.19a
2 10.53£0.73b  43.74+0.03b  69.69+0.76a  84.58+0.40a
3 10.95£0.14ab  41.09+0.30c  65.78+0.19b  84.33x0.11a
4 10.40£0.49b  37.83x0.25d  60.40£0.95d  84.79+0.15a
5 9.05£0.07c  34.31+0.25¢  55.98+0.52¢  79.38+0.83b  84.30+0.28a
6 7.43+0.04d  27.54£0.46f  49.24+0.19f  70.60+0.52c  81.74+£0.58b  83.16+0.19a
8 4.80£021e  22.37+029g  39.63+0.36g  61.37+0.26d  74.93£0.90c  83.66+0.29a
10 2.07+0.30f  13.93£0.45h  26.18+0.07h  40.31£0.06e  52.31£0.66d  63.38£0.38b  76.20:+0.52

FE: bRic AR F R R B 3 P22 57 (P<0.05); 45 3R 2R BR MR - AR (R TRD) o

#3 [ pH &HExiEk HS1-1 £ KHIEM

PV A%/ mm
pH 1d 2d 3d 4d 5d 6d 7d
2 0.00+0.00f 0.00+0.00h 0.00+0.00g 0.00+0.005 0.00+£0.00h 0.00+0.00f 0.00+0.00d
3 1.95+0.27¢ 7.89+0.60f 14.28+0.72f 19.95+0.19i 25.49+0.67¢g 30.22+0.51e 35.57+0.46d
4 9.67+0.22ab 28.38+0.28¢ 48.43+0.49¢ 63.49+0.21d 79.83+0.15b 85.26+0.88a
5 9.27+0.79bc 24.68+0.89d 36.87+0.48d 45.82+0.97f 59.47+0.72d 66.27+0.89¢ 76.93+0.65b
6 10.45+0.15ab 39.57+0.06a 61.31+0.30a 82.45+0.31a 84.64+0.11a
7 10.84+0.36a 39.62+0.70a 60.96+0.78a 81.11+0.44a 84.69+0.19a
8 8.02+0.95¢ 30.81+0.58b 52.84+0.78b 76.25+0.79b 84.25+0.10a
9 5.97+0.34d 27.78+0.59¢ 49.75+0.60c 73.82+0.59¢ 84.23+0.13a
10 1.92+0.28¢ 9.69+0.88¢ 28.00+0.46¢e 50.98+0.46¢ 71.29+0.59¢ 83.50+0.44a
11 1.26+0.15¢ 2.29+0.35¢g 15.25+0.72f 36.34+0.5¢g 56.58+0.28¢ 76.42+0.83b 83.44+0.24a
12 0.95+0.14ef 1.75+0.19¢g 6.57+0.31¢g 25.30+0.15h 41.80+0.23f 46.75+0.67d 53.12+0.54c¢

K 5 HSI-1 fEA[F pH &4 R4 7 REEES



%5 1

pH3 {5 B Kr SR IAR 2 g v Hh e ) R AR, R55E
MRo pH N 3 ~ 5 B, BETEEIAEIR, R4 5, RivE
NGAFNEE; pH=6 B, TRVE AR, R BY
TR A, Vg2 2 FE .

23 MHMER HSI-1 BB M W EH
HS 1-1 78 7] 77 i i 1 5% 57 3 %) 11 v A 1 1l L
K 6o TUEYINRE ELEE A FHTERS . &R BRI 45
KATF, WIS = A ) B AN BERKE K F 40 5
fift 5 A BERIH . TRPRAE 4 Flo™ BsE 5558 1 ¥hE
K, VAW BE = A AR R B BT LA TR TR R L 3L
B B2 SLAF A R RN R S ME— U AL A B
A, BRI AT HETEN . FUMRR F SEAF 4 R 1)
e 1%, R 7RI RE 1455

24 THREBR HSI-1 BEEM Wk HS1-1
1€ PDB Flek R 5 T 45375 [ TS A0 & e B A T
W 45 W (5 A5 VAR ) I BT B IS DL L3 40 IR Y
PDB & [BEr=4%t 5 A 22 [ B PR A 22 [ B B
760 WA SR PDB K BE 2 5 Ak 4n 5 1
FEAE A B L, TR BE R B0 RR T A R T

IR TSN EL I HS1-1 [ AE B e A B s v vk 557
100
90  — JEMHE
80 - MR
701 -- AR
g col - TCRNERE
& 50t
ﬁ 40t
> 301
i ol
10r = e
0 L i T
_10 " " " " " )
1 2 3 4 5 6 7
Bfa/d

El 6 HSI1-1 1ER R =W e A KA I

HH BRI A TR SOR s Ak R T R SRR AR B K
BB SL-1. KIAFF i | i 2 B LI BT . SL-2 1
YU, 10X 45 o €0 4 2 2R B8 G W Sk B R T
P R DT R SRR R IR L 5 A )E, LA SL-
1 A7 T NI RSCR858 , PT REETE e 2 ki
P i (S0°CO B T R4 SL-1 H575 BRI A 7%
PERL ST, AH HAUFE 7 T A0 25 2R 7 0 T AR AR 1
i

4 FEBARLFRS REERARIEIE R

— FEPDB - (4 14 B B #%/mm FER R 5 T REFREE E A I A/ mm
R A2 E R KW AT
SL-1 7.80+0.00a 15.05+0.99a 14.26:0.63¢ 12.40+0.40d
KIGHT# 7.8040.00a 13.21+0.56a 20.83+0.59a 21.29+0.08b
Bz P 7.8040.00a 14.15+0.51a 13.51+0.24¢ 18.23+0.73¢
SL-2 7.800.00a 12.97+0.19a 15.40+0.29b 24.82+0.18a
S B AR A BR A 7.80+0.00a 13.16+0.35a 7.80+0.00d 11.000.58¢
3 W i TAE SR 5 T AR 55 B b i Hm i 4 HS1-1 /Y

ABEFE LA 1 BRIt F I > 5 Ay i A B TR
HS1-1 5%t 42, WSS R 75 R AiE, LT 2278
AL i T RRE R 20 WL R R R h 2, 45
GO TRV R e W e i R R . A (R R
RV . pH FRF T AR A KT FE 45 R 3R B, T
PR M A HS1-1 A KA, 15~ 50°C 1
ResE, A BT R LR B A 30 ~ 42°C #BAE
A R, X ARG S5 AT, o ee e g n]
DLARSED FEAR ST 15°C LAF T BE S F IR 28 i
F IR A KR . S AR % B h 5 AF293
FERERR B B R S b W il B AR RO R 37°C,

oAl A TR EE AR 40°C, 8 BH ' 1 B ok Y 1Y)
HH B R T E S AR A R aE A KR
B, BAE A T B A KA. Btk HS1-
1 BB Eh W BE YL FRITE 1% ~ 2%, MR Hoxf £h vk g
(T NP, BRI R R T3 MM . R dE
SEUNE 1 BRI AR ECT COS1 #EATRIFSY, KL
Bk CO51 7€ pH K 3 ~ 9 JE Bl NI AT LA K, T 4
HE HS1-1 7€ pH N 3 ~ 12 7B RIN SRR K, H
o2z TG A VR AR HS1-1 REE 8 4 1R B
WEE, A BGRPU T, JF HOG B P 5E i hopE
5, X A RESE B T-IDGA FRik i R e sk Y, A=



558 o B o 4R

2023 4

ViRt B 2Rk . A WFIE A AN [P
A B4 B AR B, JE LR AR b &
MR EE LA Y, HS1-14E pH o 12 BT
fie sk K, U I i P EC TR HS -1 AT LA I Bk A= 5%,
W58 R AR = 0k A 22 R B A 45 R 1 1k
HW.

7RIS A W2 R PR S LG 7= A 7K fie P R
FE B AR Ak, 3K T BE 55 12 R R Il 1) 43 DA e T AR
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Physiological properties and antibacterial activity of a

thermotolerant fungus HS1-1

HUANG Xiaoxin'?, TAN Jiali'?, YANG Yongxing'?, GU Zheming'?, LI Xueting'?, LEI Xiaoling"?
(1. College of Food Science and Technology/ Guangdong Key Laboratory of Aquatic Product Processing and Safety/ Guangdong Engineering and
Technology Research Center for Marine Food/ Guangdong Engineering Laboratory for Marine Biological Products/ Key Laboratory of Advanced

Processing of Aquatic Products of Guangdong Higher Education Institution, Guangdong Ocean University, Zhanjiang, Guangdong 524088;
2. Collaborative Innovation Center of Seafood Deep Processing, Dalian Polytechnic University, Dalian, Liaoning 116034, China)

Abstract: Huguangyan Maar Lake is endowed with a special geographical environment and has a great
potential for exploring thermotolerant fungal resources in special habitats. A thermotolerant fungus HS1-1 was
collected from Huguangyan Maar Lake, observed morphologically and identified molecularly, and its
physiological properties, enzyme production capacity and antibacterial activity were determined. The results
showed that the strain of this fungus is identified as Aspergillus fumigatus. This fungus can grow at the
temperatures of 15-50°C and pH3-pH12, and has an optimum growth at the temperature of 40°C, a salt
concentration of 1%-2%, and pH6-pH7. The fungus has a strong ability to utilize soluble starch, lactose and
carboxymethyl cellulose, and has a certain inhibitory effect on five indicator bacteria, as determined by
screening on four enzyme-producing media. This indicates that the fungus HS1-1 is high in thermotolerance
and acid and base tolerance with some antibacterial activities. This study provides a theoretical basis for an in-
depth understanding of the thermotolerant fungi of Huguangyan Marr Lake and their further development and

utilization.
Keywords: thermotolerant fungi; molecular identification; physiological growth; activity research; Huguangyan
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