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G. JTREFR JRERARAGYELALRE R BIL 524023)

1 E. [869]) ARt immmn Btk m M f Rk X918 a4 = s 4 i B A B An 41 1
BRI ENHEBRAN AN S A, ARBHA R ET L, [H5] RADLEFH G5
378 (PDA)F B2 £ F & G A R 842 (YPD) R Ak B /B AW, KA AD DNA K0 g
1-5.8S tDNA-#: K8 [ X 2 (ITS1-5.8S-ITS2) K 8445 5 A1 B3 & Gt LMy 1 49 7 ik 5 8 o
BIAHEF AR, RABIE 0 4L R B4 575 (SM-PDA )3 A 32 JR ik 5 it 7= Jo b & & Bl
EERR, RAIBRTHEE G LAHER HAEIIE(FN-PDA)RE IR AR ik i ik 7= Jo s 4 i B At
Bl XA B R EM R RE R T . (4R ]Y A8 & e s B A=tk 1 30 26 ) AR PRA R #18]
o AR T B AE 446 Rk, S AE N 98 M, oA TAE T EH 1 (Ascomycota)
Fo3eF ¥ I'1(Basidiomycota)dy 6 AN . 18 ANE . 46 NAH 65 ANB; EF TR & @Bt iEE A
HA 265, 61 NMt, o0& T 41 ANB; TN T IEB iRt B E LA A 67, 224, 4A&
F 14NN By PRI BRI E W EERRA 841k, 237, 2A T 134E; MFBABE
B (Aspergillus), 3R HF F B(Penicillium). L4546 Y i & ik 3018 4 =T 4 B 3 F 6 = oo 4 5 B
B e ST IR B R E N O B AR MAT FE A, RRBEH RN EAHGF ST TR
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Biodiversity analysis of marine fungi producing
extracellular fibrinolytic activity enzymes from the intertidal
zone along Zhanjiang coast

CUI Li-Jiao'! WANG Jie> LU Ying-Nian> XUE Shan-Shan'
LIU Ying-Wen' JIANG Li-Ming""
(1. Institute of Biochemistry and Molecular Biology, Guangdong Medical University, Zhanjiang,
Guangdong 524023, China)
(2. Department of Medical Laboratory, Luohe Medical College, Luohe, Henan 462002, China)

(3. Guangdong Key Laboratory for Research and Development of Natural Drugs, Guangdong Medical University,
Zhanjiang, Guangdong 524023, China)

Abstract: [Objective] To investigate the biodiversity of marine fungi producing extracellular
plasmin-like enzymes and plasminogen activators from the intertidal zone of Naozhou island and
Xuwen coral reef nature reserve along Zhanjiang coast, and lay the foundation for discovery of new
thrombolytics of plasmin-like enzymes and plasminogen activators. [Methods] Marine fungi were
isolated and cultured by the method using potato dextrose agar (PDA) culture plates and yeast extract
peptone dextrose (YPD) media, and identified by sequence analysis and phylogenetic tree construction
of fungal rDNA internal transcribed spacer 1-5.8S rDNA-internal transcribed spacer 2
(ITS1-5.8S-1TS2) fragments. The marine fungi producing extracellular proteases were screening by the
method using skim milk PDA (SM-PDA) plates, and the marine fungi producing extracellular
plasmin-like enzymes and plasminogen activators were screening by the method using sea water fibrin
PDA (FN-PDA) plates. [Results] A total of 446 strains of marine fungi were isolated, cultured and
identified from the intertidal zone of Naozhou island and Xuwen coral reef nature reserve along
Zhanjiang coast, which contained 98 species distributed in 65 genera, 46 families, 18 orders, 6 classes,
belonged to Ascomycota and Basidiomycota of fungus. Amongst, there were 265 strains of marine
fungi producing extracellular proteases represented 61 species distributed in 41 genera, 67 strains of
fungi producing extracellular plasmin-like enzymes represented 22 species distributed in 14 genera, and
84 strains of fungi producing extracellular plasminogen activators represented 23 species distributed in
13 genera. The dominant genus was Aspergillus, and then Penicillium. [Conclusion] There were
species biodiversity of the culturable marine fungi producing extracellular plasmin-like enzymes and
plasminogen activators in the intertidal zone along Zhanjiang coast, which would be the rich resources
for discovery of new thrombolytic agents.

Keywords: Naozhou island, Xuwen coral reef nature reserve, Marine fungus, Plasmin-like enzyme,
Plasminogen activator, Biodiversity
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PR DA ZUWHO) A, 2012 48 PO I
FAET-I KON 1 750 J7, 5 M44E 4 BRINARE YLt
PRIET NEY 46.2%, ZABkk S rer R A,
WHO Tt 2030 4%, 4t AL A BR, Joi
ST LA P9 AR T BT B0 2k O A ZE | Sk
I G 2 v il o ik e ZE TSR T B AR BB T A ECRE
2apahng) 2 330 7P B TR H TR ORI A
TRIT RISLIR AT s R 2, AT AR AR LA )

T 49 Sk T 42 It i 1ML e v 21 4 B P 90 1 3 It A T
(Plasmin-like enzyme) 138 3 I3 i £F 1 B Do 171 1] 42
S il 21 4 28 Y 25 % I R 00 W) (Plasminogen
activator) i k2P, R A4 A JRLT i S A R
Yy, ISR . SR A R G Y, R
AT IR B0 2 AT Tl T A A PR ) e 4
BRI VR P B Sl R A . R 2 MO I PV il
R, JUHOE LRI RS040 24 5 s i i 2% vh
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() a2-PLLFIR IR a2-FERE PR, BRIk, HATWH
2F 4 75 11145 it (Microplasmin) FllE 25 £F 12 BB AE A
R ZG AT I R SERe, (RS AN 24
BEAEAE G PRIA T IO AR 24 48 I 2T VS g G
Wi, QUG B S ) S AT A . R
B FIAE A o (R X S BIAT (4T 75 Bl R W ) 41
AL IR SRR, RV A 10 A5 v B ZE M I A 1Y)
RIS, P foff 2R 40 Hh A i ) 2T 4 2 F DRI A 468 403
PR I MR R, SR RIER . I,
SHRITRCELS . BIVE N A AR 254752 H R
HREZGIT S T R 1 —.

A B R AT Z R0 & ™
B, 2 KB 2 YR RE =5 21 7R T RE
FEF IR BB, S R oA A B 24 F
KR EED, Hop, ML KR ERNE
A E KRR . S, KSR, BE
KK pH JEFE BOPE R0 A e i L2 25
FIyBE-5 B A DA TR IR AR RS
JE B AR R IR A B iR i
PEEL R R W B ALRGR A, SEAT T
10 000 ZFPaliFh R AL, 4G S E R 500 £
PG MR B . 300 ZFPHfetEiE B A 1 500 £
FEPERE RS ARk, R, T
HLHF B I8 (Bacillus) " F 75 TC I 4 & (Shewanella)
TFPEARTE , DL WASEE (Codium)! g PEGESE I £T 0
MR A FEAGE, BEASARLET
FEET TS PRI B MG GE . ARSI
BT AR 5% YTV VAR U 2 R 3% P SR B AEE 1 8K e X
O 0T 72 A/ 7 Tt A T A 27 75 T D 3805 40 11
TEEH I ZRErE, R T T RA R 25
TIF 22 PV L TR 0 U B Sl

1 MRS

1.1 FERAFAMYE, BFEEAREERE
L1l EZRFIFLER: wAiy, BES . s
BRI T FC i) S 3% 5 A A IR (PDA) . BEREE R
H PR A8 (YPD) . AR 2 05 = % 5 1 g il 3 i

(SM-PDA) J £F 4 7 11 Eh 85 S A5 A M IR (FN-PDA)
R SRR, Sigma-Aldrich 23 7] ; B3
4] DNA #5015 &, Bioflux 23] ; PCR X7 £,
Vazyme /A Al ; FLIE rDNA 5% [A]fF X 1-5.8S rDNA-
B FRIX 2 (ITS1-5.8S-1TS2)H Bt PCR @519
W B TAEY) TREAFE G ANAdeEr s
R A BRA R s s s TAES, Ll
WERRH; 5417R 6B HRELOALH PCR 9354,
Eppendorf /A F] .

1.1.2 BEFEEE: T AN BRI 5
JE A 00 VP L O A ) 2 M 43 B P T L T
446 BE, For 178 BROZ B ST AL Z AT AR P 5
(20°52'-20°56'N, 110°33'—110°38'E)ifi [ 45 /3 25 4
(U0, Ay 268 Fi A S 4L A ER: 1o SRR 11 SR 4
P1IX.(20°10—20°27'N,  109°50'—109°24"E )i [i1] 45
R BRI

1.1.3 HBEE5ARBIEFRE: /K PDA AR
(FH425 200 g, H%IHE 20 g, 35 16 g, 50%F 4K
7K 1 L, pH HEK EPPARETINAZR S 100 U/mL
AT e RIRAWR) /K YPD 855 LR 1120 g,
FEREHEICY) 10 g, HIZHE 20 g, 50%HSRIMK 1L,
pH HSR, H%HE 5 HAB 0 K 5 R A AT
T AR PR 60 SM-PDA [ {435 35 5L (44 2
200 g, HI%HE 20 g, BIE 16 g, Wil TR 10 g,
50%FI#RIEK 1L, pH HAR), % 3CHR[16]0 7%
Bl .

FHT£F 05 g B HLB0E W) i 16 117K FN-PDA [
TR B SRR I B I Astrup 25977517 34t i
FWH AR AR AR 5L . RIEH4455 200 g,
A 20 g, TEE 16 g, 50% 1 4RTGK 1L, 1x10° Pa
EEKTE 20 min, B EIE 55-60 °C, MATHAMILE
YR A RZE PR (0.5 g LR 4R 1 FA T 250 mL pH
7.4 BUBEFRZE ), A 3 mL # 200 U/mL #E 1fiL i
ZEPhE(1 000 U EEIMAGES T 5 mL pH 7.4 IBEIRSE
PRBO)TE SRR o T 7K £V Tl 0 1A O T A i 7 0
R Lassen (97535, 4 1R BC il 149367k FN-PDA

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



BERTRAE: YR TUTIEE I (A1 MO AN 0 PR TR FL B R A W A A 1451

AR 3L 70 °C A 60 min M.
1.2 EHRBDBALRRE

DURIRE SR 2 g BeV% T 20 mL KB KARMK
H VWS KR T A0 TR0 43 B R R
WU B 50 L 1R AT 7 PDA [EIIARE I |, 28 °C
Bifaligs, —HRMAWLRKME, SRR
R 3 A — MR BRI, 22 23 YOk alifb s
PAE7K PDA I RHE T IR BT 4 °C,

1.3 DNA HI32EUK PCR ¥/ &

AT B F5 SE R AF 1 U T R B2 AR ) K
PDARE F: 3L, T28 °CHiFi14 do A KEK0.1%
Tween SO EMT, THEUERHMFERMBER
252x10° cells/mL . K540 T-= R 53 mLIG/KYPD
R R, 28 °CHi #£48 h, K1 000x g .0
3 min, FfEZKERE]] mLAYEppendorfi&H, i
A500 uL PBS (pH 7.0)f1100 US40 i, A5
37 °CREFR1 WU, SR FH B N 41 DN AR B 77
&, VIS A R R S N 4IDNA . fefm
JA100 uL TEZE e DNAVE i , B 20 °C 1#4%.

KB ITS1-5.8S-1TS2 F Bk F PCR
SI¥xF ITS1 (5-TCCGTAGGTGAACCTGCGG-3')
FIITS4 (5-TCCTCCGCTTATTGATATGC-3")%"1,
DIRECT) LRI 2] DNA iR, PCR 47 3445 FL Y
ITS1-5.8S-1TS2 H Bf PCR 1K % . DNA 4z 2 uL,
2xTaq Master Mix 25 pL, 10 pmol/L Primers #% 2 uL,
B ddH,0 % 50 pL 5444 : 94 °C 5 min; 94 °C
45s, 52°C45s, 72°C 1 min, 30 ME¥; 72 °C
7 min, P YL 1.S%EENRNEEEI HL VK B )G 1%
A TR TR A BRAA WY o
14 RFEHFNLSH

ITS1-5.8S-1TS2 i B P45 54228 GenBank,
-7 GenBank Wik | BLAST #EATAR{: 44T,
KM ClustalW 2 B9 LA, HEERAHE 41, H
ClustalX #HATHFFI LLEL, FH Phylip 24k BARHE
R (IEHE Bootstrap K {H>50%, 1000 KER)it
TTRGRAEE, TIXS o3 28 Hh I A 100 2

1.5 ERMEAEEEEKRATEE

PR MR T Rk RO 22 A AR U Ay
SM-PDA FiFR I kA T . LR 1 PR B BRI
it kR FHAT 42k (s 7R3 kU T, I
T LR I B R S AN R 8 B Ak ) BN T
TESY MR T SM-PDA }i3:3L . RZ: 70 °C fin#k
60 min ZLFRAE/K FN-PDA 5535 3L H1Z8 70 °C ik
60 min ZbFEf{)F /K FN-PDA }5373E, 28 °C fHiE}E
72 3-7 d. HEFE SM-PDA 53555 1TV il W el () T
PR RE 7= A LA B TRV B TR AR BEAEL
i 70 °C Ji# 60 min ZbPEFIARAL BRI 7K FN-PDA
Br IR 3 AR WA I B 1 B A R RE e A A AT
M PR LR B IR s ALRETEARZE 70 °C JiN#A 60 min
AL PR 7K FN-PDA 355255 IV 1z B Bl () TR R Ry
RE S A AN S B SR O D ) TR AR o DU AN (] P
PRI IE VI AR RV A2, LAV EAR S
% HANZED)FRERG KN, D EBAR, R
PEE

2 ZR5450
21 BFERENMSHMN
ZHTHF ST AR P 5 R o B e T
178 BRIFFE B (ITS1-5.8S-1TS2 J151) GenBank % 5%
5k KM277955-KM2781321Y) | AHIFSY M4 11 30
WIRE A SRR XCREE AR S Ay B T 268 BRELTE
(ITS1-5.8S-ITS2 Jr i) GenBank J¥3I% k5N
KX098015-KX098282), It 446 FRIFHEERE(EE 1).
FE3 HEXT AT 2 SR, 3 446 PRIGFE RS T
FLIA W 98 AFF, IHJE B 2 AT 6 4.
18 1~H . 46 1ML 65 MEER 1), Hir, SRy
(Eurotiomycetes)ELE 290 #k, LB EHE M
65.0%; JAEHE # 2N (Dothideomycetes) EL[F 66 Kk, 2
5 14.8%; #6501 49(Sordariomycetes) FL[F 64 £,
A 14.3%; E 9 (Agaricomycetes)EL# 19 £k,
A 4.2%, THE DN (Ascomycete) EL B 8 £, 2
1.8%. TE 446 PRIGTEEEIHZEM 65 MNET, H
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J& NN EE S (Aspergillus), 5 189 ¥k, L0 H A
B 42.4%; HIR AWH IS Penicillium), % 93 ¥k,
Hi BT B L 20.8%
22 FRNEREBESFERNEMS N
K SM-PDA B 355352 1 71, *HRAS 1)t
PEEFE TS NE ARG R R, 446 B
TR B R 265 R BB R P2 A AR IR 1),
R SR BN 59.4%. HA B @Ry iR
(Aspergillus), R 134 %, S0~ LMo E
FH LAY 50.6%; HUCHE % & (Penicillium), &
VPR LT 44 BR, 5 AT A AN R T 1Y
16.6%. 265 RAT ;™A MI AR B FL R & 61 b,
AT EEEE 41 ANE L 32 4R 134H. 64
R 2 41T

mf032

mf008

mf059

mf032

mf053

mf053

23 MR EHEEEEIERNEDN S Y
K2 70 °C HN#A 60 min A0 FHFNAS LD B f14) 9 Fif
157K FN-PDA 353 HdE 32 9 ik, XHIRTS 1R E
A 1) 7 £ Tl A R R 2T 5 il DR 0 A T o0 AT
PIZER(E DR 16 446 MR B ISR IIETE
W, AETZEZR 70 °C I 60 min AbFEFIA 4L B A TRE K
FN-PDA 57755 IR BGEREN), RIy™=A: Msh e
BEFEBEE PR TRARAT 67 K AXRETEARZE 70 °C Ik
60 min ZbFRAMEK FN-PDA }E353E I s W Rl
1, BV A: MUA NSl IS I B AR 84 FR(EE 1),
XSS BT MR I TR R AR 2 BE A (R 1)
K ITS1-5.8S-1TS2 J¥HI RGEHALM (E 2-5) 87w
67 PRI MIAMAF TS HEFE G LR R AR B 22 DR, oA
E14NE. BR8N E L SA 2 AT, R’

C1

mfo91

mfl94 w177 mog4 |

mf050 mf064 mf044

mf041

T el

1 RABKALEER PDA IFHFEFR=RINF A RATERNENSEER
Figure 1 Screening for the marine fungi producing plasmin-like enzymes and plasminogen activators with
sea water FN-PDA culture plates

AL, Bl A CL RN TR [FE BRI RN HAL B9 7K FN-PDA $55545; A2, B2 il C2 B T AN IR TR R Y 2 Ak #R it 7K

FN-PDA kigidt,

Note: Al, Bl and C1 were the unheated sea water FN-PDA plates innoculated with different strains; A2, B2 and C2 were the unheated sea

water FN-PDA plates innoculated with different strains.
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——— Microsphaeropsis arundinis (AB775571)
Microsphaeropsis arundinis (EF094551)

Microsphaeropsis arundinis (HM049173)
484 mf041
4'5: Penicillium gerundense (EU427291)
951 Penicillium chermesinum (AY742693)
mf050
452 @: mf084
mf032
985 Penicillium citrinum (IN624897)
1000 mf057
Penicillium citrinum (JQ647899)
Penicillium citrinum (HQ671192)
419
683 mf024
mf108
102 Penicillium citrinum (KF999813)
Penicillium citrinum (KJ173539)
L mf110
497 353 | mf059
453 Penicillium citrinum (HQ889713)
o I
725 Aspergillus aculeatinus (JX406504)
994 mf044
—: Musicillium theobromae (AJ292422)
1000 1000 mf042
—: mf053
234 709 Westerdykella purpurea (F1624258)
1000 Ascomycete sp. RM2-5 (DQ993625)
mf179
Paraphaeosphaeria sp. HLS214 (FJ770071)
Paraphaeosphaeria sp. HKA26 (DQ092509)
980 mf064
230 990 51 mf194
874 mf125
Paraconiothyrium cyclothyrioides (KC215138)
513 mf173
mf177
Microsphaeropsis arundinis (JN851034)
mf195
346 mf182
mf010
351 mf091
1 000

2 FEAABBEEEE RGN 5) 5 GenBank ¥ E AN B E E MR ITS1-5.8S-1TS2 75 R it (L4
Figure 2 Phylogenetic tree of ITS1-5.8S-ITS2 sequence of the isolated fungal strains (Naozhou island) with plasmin-like
enzymes and appropriate fungal species in GenBank database
e BN EREER S HHZLER; $55 200870 GenBank &5 17 4 LT A Bootstrap {H(1 000 YK EHE EZMFER EH 4 Lb);

FEBIRARTREE 1 000 MEH IR 0.5 MEH IR & A

Note: The number of fungal strains isolated in this study are indicated in bold; Numbers in parentheses are GenBank accession numbers;
Bootstrap values (expressed as percentages of 1 000 replications) are given at nodes; The scale bar represents 0.5 substitutions per
1 000 nucleotide positions.
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Figure 3 Phylogenetic tree of ITS1-5.8S-ITS2 sequence of the isolated fungal strains (Xuwen coral reef nature reserve) with
plasmin-like enzymes and appropriate fungal species in GenBank database
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Note: The number of fungal strains isolated in this study are indicated in bold; Numbers in parentheses are GenBank accession numbers;
Bootstrap values (expressed as percentages of 1 000 replications) are given at nodes; The scale bar represents 0.5 substitutions per
100 nucleotide positions.
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Figure 4 Phylogenetic tree of ITS1-5.8S-ITS2 sequence of the isolated fungal strains (Naozhou island) with plasminogen
activators and appropriate fungal species in GenBank database
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Note: The number of fungal strains isolated in this study are indicated in bold; Numbers in parentheses are GenBank accession numbers;
Bootstrap values (expressed as percentages of 1 000 replications) are given at nodes; The scale bar represents 0.5 substitutions per
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Figure 5 Phylogenetic tree of ITS1-5.8S-ITS2 sequence of the isolated fungal strains (Xuwen coral reef nature reserve) with
plasminogen activators and appropriate fungal species in GenBank database
e BN EREK S AHARR; 155 BT R GenBank B35 ; 181 EIECTH Bootstrap {E(1 000 Y E Z AR E 43 11);
e RARGR B 100 MEAHF IR TR 0.5 MEITI R B
Note: The number of fungal strains isolated in this study are indicated in bold; Numbers in parentheses are GenBank accession numbers;

Bootstrap values (expressed as percentages of 1 000 replications) are given at nodes; The scale bar represents 0.5 substitutions per
100 nucleotide positions.
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