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Identification of Microorganisms, Cladosporium sp. and Sterigmatomyces sp.,
Proliferated on the Surface of Traditional Soy Sauce, and the
Effect of NaCl Concentration on Their Enzymatic Activity

Nam Keun Lee'?, Young Jun Ryu', In-Cheol Yeo', Sung-Joon Park, Ki Ok Kwon?,
Chang-Jun Cha', and Young Tae Hahm'*

'Department of Biotechnology (BK21 program), Chung-Ang University
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Abstract Two strains, traditionally referred to as rock flower (Bawhi-kof) and buckwheat flower (Memil-kot or Chile-
Kot), were isolated from stored traditional soy sauce and were identified by using the 18S ITS1/4 region sequences. The
rock flower strain showed 99% of similarity with Cladosporium sp. and buckwheat flower strain was 99% identical with
yeast Sterigmatomyces halophilus. Both strains were tentatively named Cladosporium sp. NK1 and Sterigmatomyces
halophilus NK2, respectively. The optimal growth pHs and temperatures of both strains in a YPD broth medium were in
the range of pH 5.0 to 7.0 and 22 to 27°C. Both strains were able to grow in more than 20% of NaCl. In the enzyme
activity assay, high protease activity of Cladosporium sp. NK1 and S. halophilus NK2 were obtained in YPD containing
10% of NaCl. High amylase activities of both stains were in 15% and 5% of NaCl, respectively. Lipase activity was,

however, not detected in both strains.
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M B

e Sl 2 MY Fe 7Hgel tEAQ) HwA
Fow AlgHoel gom, FEd AT Bal el G,
e, YUY Fol LI U 7154 BAQ Aetol=, L
B3, olaBehis e Eelvls SaEe] AAHWA Ao
£ ZONFRD ol 7154 HFORS 5ol Ry
ATh12). 2Pl Bl 2 715y BAEe wE 2 S49el
weh Waise], oleld 7ge] FAWSE BEANAYESC] Fo
A 218k 9l

HEZVRS] WA 0 ] oI TR PIAES Bl
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l8ted wR93I) W o] WAy gt
3 & Ao RS dvE 98 olgste] ZAEHA AH
kol vlE] FH]E yeast peptone dextrose(YPD) (BD Biosciences,
Sparks, MD, USA) IAu=]ol] {3ttt YPD HEE WA
E 37°CllA 59 B gt e, ol =FEert 2 o
7HA] YPD IZAMRAE o] &-3te] Al dE ST

=2 #Fs9 3

uke1E e} W3 vAE F42 18S DNA ITS1/4 A He] ¢
7IME AR s oH, ¥4 (F)EH E(Dagjeon, Korea)ol
2F3}th PCR 2 sequencer:= ZHz} ABI 9700 PCR(Applied
Biosystems, Foster City, CA, USA)3} ABI 3730XL DNA Ana-
lyzer(Applied Biosystems, USA)’} AME-EATh A1 vl ¥}
WdZ wAES] 18S tDNA ITSI/4 A9 A71X¥E7 GenBank
2HE 22 fFAMdo] =2 H714EE Clustal W multiple align-
ments ©]-83te] HE T ABTZH 24 (phylogenetic analysis)&
AAEHATE AlEsH #42 Neighbor-Joining(8)S ©|-&3t] &
231t} 1k Agl= Jukes-Cantord S ©]8319.2™, 1,0008
o] AMEHE Tt FEZEH 3S BAsIA o] 22 A
537 BAolE MEGAS £ZEgo] T2 TS o]g3ale] 14

sttt

2%, pH Y NaCl s=0f e Mz 54

S0 e A wdr1e 2xE 22, 27, 32, 37°CE g
% 50mL YPD HAPIA] 7S 50 ulA FHESL 5Y F9F 180
pm® 2 wRk wjFEHA LS A8 pHYl e AR
=742 1IN HCl 2 NaOHE ©]4-3l] 50mL YPD A= S
Z¥7t pH 4, 5, 6, 7, 82 B F 2o mE AR 44 FY
g 2low Y S4S TSI NaCl F=oll me 4% =
Aol JoIHE 5, 10, 15, 20% NaCle] z+z+ 718 50 mL YPD
A wiRle] Fg 50l HFIIAL 180 rppm S E 25°ColA 5Y
B ik e mgA o R ST

S48 &N

EoE vEEY] 2284 S AT AEE 5, 10, 15,
20% NaClo] z7} d7Fgl 50mL YPD A wix]o)A 180 rppm©
2 59 ot uiokE v} WdE nAEe] e (12,000xg,
4°C, 20 minyS o] &-3t3Th S48 4 oA protease B
amylase 842 Park 5(9)2] Wl ulgl =3I Th Protease
"4 A4 1unite B3 1pg tyrosine?] A$HFo = Aolslgle
™, amylase €4 B4 1 unitS ¥ 1% soluble starch®] A
°o 2 Aefsisirt.

Lipase E4%4 &4 Kwon? Rhee(10)e] WS st
33k Th 03 mL 713 (5% olive oil(v/v), 5% gum arabic(w/v),
10mM potassium phosphate buffer, pH 7.0)3} 02mL &4NS
T ¥ 250 pm o2 WWFEFHA 37°CollA 30 EFRF WSk,
02mL ANeE:oFAlE(1:1, vv)3 1 mL o]ASE 848 Hrlst
o RE&-E 43It o] & T4 ¥Hgol 02mL cupper B
AlekS Arrstar ZskAl awksk thE 12,000 ppm 2 37 4l
w2ste] 08mL A4S ATk §4 4 2 Ao
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NaCl &0l e 3284 34 9 #5987 23+= SPSS
program(ver, 12.0, SPSS Inc., Chicago, IL, USA) ©]-&3}¢
ANOVA #4H24 & ezt Sle 749, tERIaH?] Duncan’s
multiple range testE ©]-8-3t p<0.05 FTolA] BlALsIAT

golgloll i w4 T AP el WA E vkeET |
L MAEES oF st dHE S A, kel v
BEL A FE L BATAS e, TANE B4
4 welo] WA wSIE oA ARl %345 23IthFig 1A,
B). WUE HAES Agole Beo] gl P 22U ¥
ATt Aa Areg o2 WSt o (Fig. 1C), B2}
AR JeElEA M2 FAA A hFig. 1D). o] RAEES
18S 1DNA ITS13} ITS4 A ] A7IMEES BA A3 niels
WA E-L Cladosporium EE3 99%2] frAMde] AUReH &
S C sphaerospermum®) . 53| Cladosporium £E % C
sphaerospermum(EUS570258), C.  cucumerinum(HM148071), C.
lignicola(AF393709)¢}= ¥91% mIAES] 49 d714<E 502
bp 5 501 bp7} LX&ATHFig. 2A). FILE vWEL Srerigmat-
omyces halophilus(AF444556)3} 99%2] FAMd-S How, wd
Z AEe] 24 A7144D 587bp F 583 bp7t UAIEHATHFig.
2B). ol&3 F7IME EA we ATTH EF Al o
vk} WhE vABES 242 Cladosporium sp. NK13} Sterig-
matomyces halophilus NK2Z 883}t

Cladosporium spp.3 S. halophiluss F2 & 9¥=9 &9

Fig. 1. Colony and microscopic morphology of rock flower
(Bawhi-kot) and buckwheat flower (Memil-kof). A and B, colony
and microscopic of rock flower; C and D, colony and microscopic
morphology of buckwheat flower.
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Agaricostilbum hyphaenes (AF444553)
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90 ' Sparassis radicata (AY218446)

0.05

97 Sporobolomyces lophatheri (AB126046)
99 Sporobolomyces lactophilus (AF444545)
Bensingtoniasakaguchii (AF444626)

Sporobolomyces diospyroris (AB126047)
Sporobolomyces pyrrosiae (AB126045)
£Sporobo[om3'ces dracophylli (AF444583)

59 Sporobolomyces ruber (AF444550)
Sporobolomyces clavatus (AY364839)
Trichosporon chiropterorum (AB180197)
|— Rhodotorula chungnamensis (AY479978)
orobolomyces gracilis (AB030346)
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Fig. 2. Neighbor-joining phylogenetic tree based on 18S rDNA ITS1/4 region gene sequences of rock flower (Bawhi-kot) and buckwheat
flower (Memil-kot). A, rock flower; B, buckwheat flower. Bootstrap percentages over 50% (based on neighbor-joining analyses of 1000
resampled datasets) are shown at nodes. Bar, 0.005 and 0.05 nucleotide substitutions per position.
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Fig. 3. Effect of NaCl concentration on the cell growth of
Cladosporium sp. NK1 and Sterigmatomyces halophilus NK2.
BK, Cladosporium sp. NK1 (Bawhi-kot); MK, S. halophilus NK2
(Memil-kot).
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Fig. 4. Effect of NaCl concentration on enzyme activities of
Cladosporium sp. NK1 and Sterigmatomyces halophilus NK2. A,
protease activity of Cladosporium sp. NK1 and S. halophilus NK2;
B, amylase activity of Cladosporium sp. NK1 and S. halophilus
NK2; BK, Cladosporium sp. NK1 (Bawhi-kot); MK, S. halophilus
NK2 (Memil-kof).

= AT S halophilus NK22] amylase €732 Cladosporium
sp. NK1 Hutle= $gkom| 22493333 U/mg protein 29 el 21
Atk 7P # amylase 848 B3l A2 5% NaCle] H7Hd
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Table 1. Sensory evaluation of soy sauces produced with Cladosporium sp. NK1 and S. halophilus NK2

Sample Brown Color Flavor Taste Overall acceptability
Regular soy sauce 3.15+0.21* 3.05+£0.07° 2.95+0.07° 2.85+0.07°
Soy sauce NK 1 (Cladosporium sp. NK1) 2.85+0.21° 3.15+0.07° 3.55+£0.07° 3.50+0.14 %
Soy sauce NK2 (S. halophilus NK2) 3.00+0.00% 3.60+0.14* 3.30+0.00° 3.18+0.28*

Means with the same letter in each superscript are not significantly different (p<0.05).
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