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Isolation of Fibrinolytic Yeasts from Korean Traditional Fermented Soybean
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Yeast strains demonstrating fibrinolytic activity were isolated from traditional fermented soybean in Gangwon province, Korea.
The AFY-1 strain isolated from fermented soybean paste showed the highest fibrinolytic activity (3.5 U/mg protein) correspond-
ing to a 1.75 fold higher fibrinolytic activity compared with the plasmin (2.0 U/mg protein). The optimum temperature for the
growth of AFY-1 strain was 32°C. Analysis of 18S rRNA gene sequence and carbon source utilization pattern indicated that the
AFY-1 strain shares the highest homology (99%) with Saccharomycetales sp.
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HAT e g AlZ o Fof £ o Q= A KW Saccharomyces cerevisiae, Zygosaccharomyces rouxii 5 ©|
ol gLt vAEY A8l Y3 23-F47t 4 FEHE ToTrhe AF7F HauE vk Qo8]
gk o] QA9 WS FIAI7I AU AHE Alste 7] AT QLS A Y& A ptet AEY AR QIF FHAHIE,
ol Y Aez A Uth20, 38]. I FolAE HEFF %, AT & AUl AA FUteta §lew, O
= HFE S4A7]= B A et ndEe] A F HEW AT o] BejHA @1 SHE o AT
i, o] n|ES] 9t Ao Fofl HE FE & AGFeEN IHHEHGT]. FHY B4 &43d
2 OFHRE BoE 1 gL AEeto| =9} ofu| e AbS 2 B thrombin®] 28] @4 @A 9 fibrinogen®] fibrin &2 A

SHETH18). 7 oh:=ARS AR SR IR FHde  dFoEH fEEn21] duHA Y Bf 42 plasmin F

2 dHA glon o]& Q3 FuE £ Fe 9T 3t
[38]. H|F9] &4 o] sl UM EZE Aspergillus sojae,
A. oryzae, Rhizopus & 5 &%F0|77F 1 oW, A
+2 2= Lactobacillus, Streptococcus & 50| T3} H,
ML Bacillus subtilis, B. natto, 181 ARZ:=
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I 22 AL aae] Y3 Aol JFAH o R E3f=
AgH7], @ Woll It=gt oy EA-galof AH A
A 7)50] MAAHY A9 Bohe] 58| ATET, BYz
Ao shaot EFEAE FEoHA Xl EHFS FEsH
A2t Ao g Fdstr = i)

FA=2] 2 EA|= streptokinase, urokinase, 12| 1! tissue-
type plasminogen activator (tPA)A] 3 &2 9] plasminogen<
4315 plasmin® 2 AFA|HFE= plasminogen activator
typed} plasmin Zo] A Yol A AR o FHE &aA]



7]= @483 849 (fibrinolytic enzyme type) o2 FE2&
& gtk aeu oles BASS sbdel Ham
rokinase® A4S ATEAZ U 5 glol 280l U
3 2 ook AT B1E vt 922, 25, 36].
webs FZols AFFE FAE-S Fol1 Bt AAH
A783) BUL G| Slote] chore HEAAL o
Jo 2 AF7h Edhs] A3 H I Qick24, 35, 37). 53], | A
A= AL a4k EolXo] =11 AU} v
£o]3}y owa 3A A3t Nl Bt s 7€ 5& 9o
of g4t 7Hst7] wZof ofo tigt A+ Axrt
SkaL qlTh24, 35, 37). Y29 F YAAIEQ] nattot A
AR shiokara| X BH-E3) A4E At #5771 &
2l v glom, o] n] A& osto] PAE Aae YA Y
A 4T BAEHSS L 02 BaEglrhs)
eyt A= =416, 19], A2 [14], B15], AA[27]
o HaAZoA @& 4ol #T #F7F EREHIA
om, 2 Bacillusg u|AE| digt R HH2, 28]. S
HE HFAZO

EHOlDFJﬂHﬂo*rE
OIN_?LJzigl

O

cerevisiae, Pichia burtonii, P. caribbia &
ERYH £ an o A& S0l HuE Ao 11],
Bacillus%ol| v]ste] g/do] ujH]atqich. 27l HAR l
Mz @8 E4 digt B AF7E ol o] FolA Al
WA FAHA|, Pisolithus tinctorius, Agaricus blazei 52| &
/gol HAE AAITH4, 29], HE O ML L4 hgt A
TF= AR v Esit

&2 AFoA e AR Fafyd Hofste aRE &
2l5l7] A FHE 7 A QoA AEHA ez Az A
F& a5t nAES sty £ an 45 5 @
g3l A4 (fibrinolytic enzyme) A 0] = #F5 Ats)
Aot YoM BAtE = AR SR oA -85
ALAYA] Brojst= nAES ATt =5 AR
A AR FIE AT 71 2ARE ATt 7 A+
£ skt

e %y

x

A= 2al

2 Aol AME ATERE FdEoA A e
2 Azsol BolEn Yt B 108, T3 59, 94 54,
7 53, 283 A=% 53 5 F 308s st AHgs)
L=
Ea|

214985 90 mio] U AF AR 10 & Yol i)
(hb-201SF, Hanbaek Scientific, Korea)2 10A|7F A g3t &

A A7) A5 100 wlE chloramphenicol (100 ug/ml)ol
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A 7}E YEPD (1% (w/v) yeast extract, 2% (w/v) peptone,
2% (w/v) glucose) LA HfR] o] T3} 30°Cof| Al 48A]7L Hf
e T BURE FANE #FE 13 AU

%41‘].9. H SI-A'I éag

ax —?P—,—_J R 5 g2
94l (112 W Feto] 2FasTh

0.3% (w/v)7} =S PBS 25(0.1 M, pH 7.4°]
Hobo] 2 3 1.5% (w/v) agarose XS 5F Hrlste] &
f2gsa i 03]7] o] thrombin (20 U, Sigma-Aldrich, USA)&
100 pl H7hsto] Aol A BAgE & 3= WiFH 20 uE &
F=8to] paper disk ®WH[10]22 &4 SHstgih &2
2 Bradford protein assay plus kit (GenDEPOT, USA)<
o] g3to] FFstH oy, A4 2T 2+ plasmin (2 Umg
protein, Sigma-Aldrich)2 AFEstE 1, EAES &40 ¢l
= S. cerevisiae BY4742 [17] -5 v HES SAUZTE ZF
7t 20 W B3] AFSIRG 2 TV HERE FHE
3 B/ ofeff A3} 2ol plasmino] YE= EAH-&) &
9] AHgd ez sttt

Astrup} Mullerttz2]
ibrinogen< | Z% L7}

&A1 A

AlRof o3t &
Plasmin®] 2|3t & H ] °-|ﬂ (mm)

A8 %) =

S M| DNA 22

A5 #FE 200 ml9) YEPD uj R0 A 12417t FoF A&
v ket 3 AAE (1,200 x g, 5)5to] 3%t #AE STES
G=8M90.5M NaCl, 0.2M Tris-HCl, 001 M EDTA, 1%
sodium dodecyl sulfate (SDS), pH 7.6) 2.2 A|Z3}1L 30 ul
o] STES 58§42 #AE Tt TLF9 9 glass
bead (Sigma-Aldrich)E A 7}3} 1 microtube mixer (Advance,
Japan)Z 5870 AZE shafaHich AIE shjto] 200 2]
TE (0.01 M Tris, 1 mM EDTA, pH 8.0) ¢58H4 3} F3F2
phenol/chloroform< A 7}3}1 wHHeE 3 4°Cof| A YA EE]
(1,200 xg, 108)3hel 43N 8254tk 8 M sodium
acetate (pH 5.2) 3—‘?11 30 MIQ]- 900 ul9] ethanolS 3 7}slx
HAHE 3 = 3g A 70% ethanol® A3t th.
RNaseA (1 pg/ml, Thermo Sc1ent1flc USAY} A71E TE &
5895 100 ul F7Fstol A DNAS & AtH26].

FF5

2" andF9 EAL 935t ITS1(5-TCCGTAGGT
GAACCTGCGG-3)Z} ITS4(5-TCCTCCGCTTATTGATATGC-
3) Zefo|u g AMgalo] 185 1RNA #4719 @714 2
A9l XA DNA (10 ng)E FF 22 ARSIl 1.25 U
Taq polymerase (Bioneer, Korea), 10 pmol primers, 0.2 mM
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dANTPs®} 108 5=5H-2-2H(10 mM Tris-HCL, 50 mM KCl,
105 mM MgCly, pH 8.3)2 A7lstx AZ HuE 50 ul= 3}
o] 94°Co| A 37k BH-GA] 7] 3L 94°Cof| A 14, 60°Cefl A
30%, 72°CoAl 1E ¥H3-Z 283 3T -, HFHL=E 72°C
o A 10&7t ¥-S-AIF T PCR BHAHES 1.5% agarose gel
= AREShe A7 Y ERAE ol8-sto] BA8HAL, oF 400 bp
9 FEAEY VA ES £ B4 E F7IAES
NCBI (http://www.ncbi.nlm.nih.gov)ol| 4] A|-&3}= Blast
2IWE o] g3t A7|MEE v wste AT EFE 54
BAE B4 &, Neighbor-joining method [8] & AF&-3}4
ATEE 2t e E 7Y g o8 A API
20C AUX kit (BioMérieux, France)2 2 ZA}S}ST.

FAEIAFAD|Z(SEM)

2olE 350 FUSH 54 st 9Istol FFeF
B A4=2(10,000 x g, 248, 4°C) & T AFHE A AsH
T AR AsE 23] AT FAEE BEE AR A
2= 0.1 M sodium phosphate 4ZH (pH 7.4) 0.2 A 23
2.5% glutaraldehyde (TAAB Laboratoties Equipment Ltd.,
UK) §Ho2 A5 At YA & 22 dF5Hos
23] M| A3t & 1% osmium tetroxide (Sigma-Aldrich) &<
O 30&7F LAEATH31]. =) ol §-E(50-100%)= 2
ZF 5EX B4 T 100% hexamethyldisilazane (Sigma-
Aldrich) 2.2 933] g8 T A=A AT AA T 25
© FAHAE 1] % (JSM-35CF, JEOL, Japan)2 AH-8-3+9
20,0008} Hj&= ST}

of

70| MREM

e 20| $4% ARFFE YEPD A7t Ltel
20 L W ol A 24417 5 ThoFE LEQ4-40CCCNA By
¥ F HAFE@ADE 254Gt 21977 AR
2o Aol mlXE daE 2 2AAA STt 30°C
1A] 12417F 52 WhoFst FeioFole 27] A EEHE (ODenr)
7 0.10] HES AFHAD He
2 14T pHE §EALLE 2H3A) gkt

O 12

23 9 2y
SHEsH 2o Rt F2 MY

S} A Q1 chloramphenicol®] 345 YEDP 141l ]| of A
4 2| aRdF 5 @AEE G0 ST HFE A
Wst7] flste] AR #3=5 YEPD sj| o)A 12417t v &t
F AU 43NS ZR2ANOE AE5}o] BHE
= S TH(Fig. 1A). BAEHEAH Y 4 vlnE
Qe B FEE 2ol P4 a2 B I

i
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Fig. 1. Fibrinolytic activities of the yeast strains (A) isolated
from fermented soybean and SEM (scanning electron micro-
scope) image of the AFY-1 strain (B). P: Plasmin (1.0 U), N:
water, 1: C11Y14, 2: KA3Y2, 3: M24Y1, 4. M1Y2, 5: M3Y1, 6:
KA3Y1, 7: AFY-1, 8: S. cerevisiae BY4742.

Table 1. Relative fibrinolytic activities of the yeast strains
isolated from fermented soybeans.

Strain Relative fibrinolytic activity (%)
C11Y14 139.2 +3.59

KA3Y2 141.2+0.9

M24Y1 135.2+22

M1Y2 150.3+2.6

M3Y1 148.1+3.6

KA3Y1 168.6 £ 1.5

AFY-1 172.3+£2.3

BY4742 ND®

¥Data are averages and standard errors from three indepen-
dent measurements.
®)ND: not detected.

=

¥ 22t 20 g BFok] BT 27 BT o2
HE 2o 552 AFY-13 KA3Y1#3E 227} 3.5 Umg
protein, 2.2 U/mg protein®] @A &3] A4S YUt



(Table 1). 272 AESE AFPAH FF2 S. cerevisiae
BY4742& X883 &4 YeEfA okt

Table 2. Characteristics of carbon source utilization of the
Saccharomycetales sp. AFY-1 strain.

Carbon source Phenotype

Glucose +
Glycerol -
2-Keto-gluconate -
L-Arabinose -
D-Xylose -
Adonitol -
Xylitol -
Galactose +
Inositol -
D-Sorbitol -
a-Methyl-D-glucoside -
N-Acetyl-glucosamine -
Cellobiose -
Lactose -
Maltose -
Sucrose +
Trehalose -
Melezitose -
Raffinose +
Hyphae/Pseudohyphae -

Table 3. Growth of Saccharomycetales sp. AFY-1 strain in
YEPD medium at different growth temperatures.

Cell growth (log cfu/mi)®
24°C 28°C 32°C 36°C 40°C
9.32+0.72 9.51+0.32 9.65+0.24 9.46+0.51 9.26+0.22

ACells were grown at each temperature for 24 h. Initial
medium acidity was adjusted to pH 5.0. Data are averages
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53 Fx0| 53

ZH A RERE 299 AR 5 F4ol e
FRFE 6HS $H5] oto] 185 rRNA S 714
A BAANE 8o 7|& REFFED ASAHS AETH
A1} C11Y14, KA3Y2, KA3Y1, M1Y2 ¥ M3Y12 ZZ &
WE #F= Zygosaccharomyces rouxii (100%), M24Y12
Rl :ﬂL—r—: Candida sp. (100%), AFY-12 9% #3=
Saccharomycetales sp. (99%)¢} 714 =2 A5AS YEHY
et o] F AL Aol 7MY S AFY-1 drE ©
4 HAFEA (Table 2) W FARAR AW A TS Edlo] §
53 EA(Fig. 1B} AESH 23} Saccharomycetales sp.
2 ¥ FAHNCH(Fig. 2) $EUETH wUAALAH
of 71&st R tHEF7 |83 KACC93155P).

2

oH. ol

SEM

&3l Aol 7MY 58 AFY-1 49 HiEids 9
3 #39 LEL S AU W=7t AFY-1 #3
o B A= FFE A HOM 24-40°C2] %9
Al 24A7F iR & Al S EE ST A} 32°Col| A LA
=T 965+0.24 log cfw/mlE 7} 943 FA AL U
EFi §lth(Table 3). #71E/7F A3 vlA= ¥F= =
A7) 98t Ky,HPO,, KHoPO4, 2 MgSO4 7H02 0-
0.2% (wiv)2] =2 H7}5te] 32°Col|A] 24417 St ujjoFat
3 FAEE 2343 A7 K,HPO, @ KHyPOE 0.2% (W)
FEo| A, MgS0, TH0= 0.15% (wiv)oll Al 242 <4470l
7Vt o £-oHQ Aol YR (EgtTh(Table 4).

71&9 AgLa AEF F W= F B subtilis® B3+
37°Coll Al Na,HPO.Z 0.05% (wiv) H718t8S uf 1.54] =&
AL a4 AL JeElYon[5), B. licheniformise 73
2 CoCly6H50, ZnCly, HgClz, FeSo, 7TH,0, AgNO53} -2
71945 A4 BSE Asfste ALR L}EP;Z“EHM]- il
7R S yetE 23Tt Y&, T T4 T2 o8
AAEY M8 5 o Aerlsge] RaEn
o [3], E3] g2 & AR AZA B& B. licheniformis
o} B. subtilis 0] 2718 At d71ELE F

SELIRY

[11
o

O]O

and standard errors from three separate cultivations. Z 21H v} QtH30]. B3 AEAF A Bt 437 B
Table 4. Effects of salt on the growth of Saccharomycetales sp. AFY-1 strain at 32°C.
Cell growth (log cfu/ml)®
Salt (%, w/v)
0 0.05 0.1 0.15 0.2

KoHPO4 9.51+0.22 9.69 £0.12 9.68+ 0.06 9.72+0.48

KH,PO4 9.65+0.24 9.52+0.43 9.68+0.36 9.69+0.99 9.711+£0.27

MgSO4-7H,0 9.59+0.69 9.60+0.27 9.64+2.19 9.63+0.31

@Data are averages and standard errors from three separate cultivations grown for 24 h. Initial medium acidity was adjusted

to pH 5.0 after addition of each salt.
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40

Kluyveromyces marxianus (JQ686914)

Candida glabrata (JN032660)

Torulaspora delbrueckii (FR870025)

Candida tropicalis (JQ686913)

Yarrowia lipolytica (JQ740739)

—— Pjchia fermentas (JA665247)

1 AFY-1

——
0.1

100k Saccharomycetales sp. (EF060797)

Fig. 2. The phylogenetic tree of the 18S rRNA sequence of Saccharomycetales sp. and other homologs from other yeasts. The
numbers on the nodes correspond to the bootstrap percentages based on 1,000 pseudoreplicates. The bar denotes the relative branch
length. 18S rRNA gene sequences are identified by their GenBank accession number in parentheses.
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