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Isolation of Potent Amylolytic Fungus Rhizopus oryzae from Nuruk
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The amylolytic enzyme activities of nuruks collected or produced in this study were examined. A maximum
o-amylase activity of 24,747.1 £ 777.7 units/mg protein was obtained for a nuruk incubated at a relative
humidity of 40% at 30°C. A nuruk matured at a relative humidity of 50% at 25C showed the highest glu-
coamylase acitivity. Among the 98 fungal strains isolated from the nuruk exhibiting the highest amylolytic
enzyme activities, 26 strains of Aspergillus oryzae and 18 strains of Rhizopus oryzae were identified. Rhizo-
pus oryzae MBF345 showed an a-amylase activity of 36,724.9 + 10.2 units/mg protein and a glucoamylase
activity of 4,911.8 + 48.1 SP. These values were 1.7-fold and 1.4-fold greater, respectively, than those of the
control strain. Strain MBF345 was deposited as KCTC46312 in the Korean Culture Type Collection.
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2 29 AT Fx B2 L2 THE R, 55,

2 5o AR ARE BHT F AAL S gL
Y2 48 W AAPEOER BB F2L ASIE 7
oftH{14]. FEHlE A AR, NGH BHB T, A% A

7ol whet chopet ml Bl ZA15HA B, 1 At 714
Sof FERE GRAG20] $ 5o AL R o
ME-L Rhizopus sp., Aspergillus sp., Penicillium sp.,
Mucor sp., Saccharomyces cerevisiae 5 °| 1, 52| A%
By ol EAF WAL Bl 58 o] 438t Rhizopus oryzae
7F 8 dFE BYEI JUH10, 11, 27]. 2 LAFH
71E AANEA &L =53 “ZA)7F fRE | g P4t
o F8 YAAZ AHEEHIL HE AF =7 289
2 FEY Ax B3 gaste] HT AYE A FES A
At Al AFAH R Fago] BT 3ol o237
7). 759 F70l w2t ASste v EY o] 50 A
Abets AEA 4 oy Bejas 43 das 9 &

AL QA 59 Zpo|7t Qlo] AH FRY g F A F
Hed FH & 9 A7 = 17, 20]. FFo
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£ Z%0]&= a-amylase, glucoamylase 5 A& E5t=
4ol S’lt aaE EH5te SR ARE AR T3t
£ e 000l ol £9019) Aol o 45
8 el S g ikl 1889, oA,
28 Bk B4o] 943 50 Bt S u]%
e A& ABAbel wi$- 'SPE}J——’?—-_}’\%E}

B GTolAE SARAY A AT FRe] 0 o)
54 $4E AR AR Belot s aao) 4L B
S, A Bol Eh BAOl S4B BH| 2HE AW
st sheick
T
59 44 2 A

%‘3 Azstact YE@F
Korea) 4 1317:9(K01rea)—— :ILUH gto] =5 A= /\]“9‘0 ek,
Ne £%E2 33 AL 1247 SU AZT T B4
(Hanil, Korea)S AM&5to] Eaistgct. d 282] 14%0] 3
Bk £ Wiclel 450 % 374 250 mn) A5
o g3to] ABFATT. AFT FHS W Slo] &2 F
To &% AL A3 fﬂ- ‘01-—’:7] (BioFree, Korea)olll\']
15970 Wislsic SRS} SRS ZAUR AR F2E
7Y AFZ 747} o Eg'&]-?&ﬂtr](Table 1), W = 1—6}
5’:01]/‘1 39 T AxE ¥ 7|2 BHfste] n|AE
o 5 24 240 ATt

BHe w22 WESF200] B F AL AP

2 343} potato dextrose agar (PDA, BD, USA)
=TSk ETe HiA|E 25°Co A 3Y B4k wjoket & 3
2o AT TFolE BYTAT A oryzaes T2
SUFAA LA o A EFES KACC44246 w5

Table 1. Incubation conditions for nuruks manufactured in
this study.

Temperature (C)

Relative 20 25 30
humidity (%)
40 Kangwon A Kangwon B Kangwon C
50 Kangwon D Kangwon E Kangwon F
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oryzae= ATCC1026 #+F& U2 F #F 2 AT &
& B2 2% w9 7HA -E—% -5t
dextrose broth (PDB, BD) 8 X]o| A 2
B
el B%ol i PDB W o] WEted 250004 39 5
ok Bjret F ol (Advantee, USA)E AH8-5H] 2418
S S FAE A AAF ol 85le] H45E
% DNeasy Plant Mini Kit (Qiagen, Germany)E A-&-3}
of A ZAZ} AlE5 OS2 genomic DNAE 3&3}%th.
Z3o] #4392 4L internal transcribed spacer (ITS)
9L FZ3 4 9lE ITS1 (5-TCCGTAGGTGAACCTGCGG-
3" 9 ITS2 (5'-TCCTCCGCTGATTGATATGC-3) Izto|H
B2 AHESto] 47 RS 25U Q4L Al
At 4% G7] 4 €2 National Center for Biotechnology
Information (NCBI, USA)2] BLAST (Basic Local Alignment
Search Tool) [1]& Al&3le] 7| &0 Ry #3919 A%
qes A= %Zé St

5O AR 2484 54

F59 o-amylase £4 4. o-Amylase B4 42
Park $[23]9 WS Ao 2AstAct E4%t 0.03 ¢
9] +55 3 mlo QitE &5-94(0.05 M, pH 6.0)°l] @€t
31 1 g9 glass bead (Sigma-Aldrich, USAYS 7|5k 387t
Hk(Bohemia, USA) 3F & YA E(16,100 X g, 55)35}
Ao A=MS ZgihdoF ALY QAT oK
0.8 m)I} 0.2 mle] ZaAME F33t & 1 mlo 7FA A
#(0.5%, wiv)= Z7ste] 37T A 3027t ¥kt &
4 WFS-94(0.1 mD)¥} 1 ml9] 3,5-dinitrosalicylic aicd &
E3s}o] 100°C°ﬂ/\1 1027k 7FE3E = 570 nmo A &
.1 umt—l o- amylase an %}/\4 pH

|=J

Cu..

29| glucoamylase 54 4. Glucoamylase £4 &%
(SP) Choi 5[3]9] & 74sto] AHEstElon, B35
2.5 g9 F5& 50 ml¥ FFol dEsto] 30ColAl 1AIZE
SOt wHket & oj1}x] (Advantec)Z AE AL 2as
Ao g AT 7HAl AE (2%, wiv) 20 mlo) 2.5 mle)]
ZE2NE 7SI 55O 147 S0k HESE T 2.5 ml
o NaOH (05 N) 942 H7latel -3 FAsstt, &
£9] glucoamylasefg 4 ZAL 55CAA +& 1 go] 7184
AE 1 gof &Este] e = T=FS 7| dof tfsto] #
&8 AT ALE ggtdl= A =7 £4439
UG EAHE 71E B A Ystginh24].

September 2016 | Vol. 44 | No. 3



378 Choi et al.

gz =, 23 ’\0“3’—} =% 9] Bradford dye reagent
T AeOlH BT WS F
A= 2 3|43} bovine

serum albumln (Blo-Rad)—E— /\]-%6}01 AL ZAJ5Hg T

5AXz
BE 2742 33 v Sasigon ZAZHS SPSS (v 200
SPSS, IBM, USA)E AMg3te] A2 shelonl, o4 7

Fo AR B4 B8 ol gt

M
|

P o E
‘—E'-_Q] Axl ul x-]]xl-

7A71% SRAXNGH), TREE A4t @A), BAEE A5
A1), %%%%l(%d), 3 P‘a*E FAA (2, FARESA
17, AZA R S AZWH o2 Hsts 1279 F2S
SRS =52 71, % Soll whabA] ohekst n A E

|

o FF7} L}EMEE[S 9, 22] ‘% 59 Az A1, 7]
7 98 58 AR AF B F52 $&0] 12% 0|3t
2 20134 4] Xﬂﬂﬂﬁmﬂ £°1 CQ} *OHZ— FEZ ol%h
F AZELZ AZHGS. FLY FFo] 92 wHEolF
o, %?_ A% B FE2 YRR BS A} st e, gt
o] g3t o|FF T AFE Axste FELE H)
FoIUT. &9 C F+52 @“éhﬂr =5E %’dii AHE3EE L
o Yot o3 FE AT o AR TRl
FF A BREY A Xﬂﬁ%}‘ﬂ—% FTYSAE £ 5 A= A
717k 22k 2742201449 119)3 01520159 8¥)o =2 &
ek =M AR Az F5& #HE] H
3o FUE EHA T ”*lzh AT o 9F, FgE 24
%#X T AT AT AR E N2 2Abst

AR FEE XLOW F 2 A Ho A st
/\}-—g-él—_ﬂ 3101A1 7144 Ao 2AT HZ 3047t BE A
99 8E 7|FE P LR 229 S8 2T R RS
A4 Azt
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Fig. 1. Enzyme activity of a-amylase (A) and glucoamylase (B) of nuruks. Averages were determined from three independent
experiments, and standard errors are shown. Different letters mean significant difference between means. ND: Not detected.
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F=9] a-amylase §4 4

Axol A 3T FEI & A4 259 & =
gEsto] A A2 +59 c-amylase A ﬁ“é%
skl th(Fig. 1A). B71%= &AAA =T +5
B, 734 D, 74 F 29X+ a-amylase 84 40| A9
UERA] gitod, oAl A 1=50] 4,233.9 £ 662.0 units/mg
protein® 2 7}&F 3o 49 et AtGE 40%, 30T

A 1547k wjeet 34 C F50) 7MY £L ccamylase &
A A1 (24,747.1 £ 777.7 units/mg proteinyS LYEFR oW, 1
ch2-02 89lA 50| 21,382.4 + 1583.0 units/mg protein
°2 953 BHE ekt FEFAA A £ A, B

59 A%, U A o R AxFHUN oY 20154

AN A

r_ﬂi’, o flo

Ccet 7+

MBF172 MBF182 MBF183 MBF187

MBF257 MBF260 MBF262

MBF321 MBF324

MBF345 MBF351 MBF354

MBF369
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8o AZS FF B F29 a-amylase Bh FAo]
6,799.4 £ 593.0 units/mg protein® 2 2014 11¥of A=
H FF A £5(9,531 + 237.0 units/mg protein) ET} ATl
Hoz vl uetgt AAYE AFA 288 59 &
2 B2 RE FUAGNA A2E FEE A xA|7]
et G4 A9 Aozt Atk Ae & 5 AT E=3 A
71= GQAAOA AT FFY a4 B IAR g
A3t Aj71o] AZE FEE AL R0 wEt as B4
o] FYH g Ao|gt Aer "}EH:?‘:HIS].

Kim 5[15]9] R0 W2 =5 WA J7tE s ¢&
of ol oA HE 2ol a4 S G, 25%9 5

B2 A7 2o AP %#f& Ea B4 dehit E

MBF1 88 MBF190 MBF1 91 MBF196

MBF239 MBF240 MBF250

MBF306

MBF315 MBF318

MBF333 MBF336 MBF339 MBF342

MBF357 MBF360 MBF363 MBF366

Fig. 2. A. oryzae and R. oryzae strains isolated from nuruk, Kangwon C, which was maturated for 15 days at 30 C. Cells were

incubated on PDA plate at 25 C and photographed after 3 days.
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gh Lee G171 F+59 w228 24 AAsHS 9,
mannitol, glycerol, galactose, malate, lactate 52| §r&Fo]
et 36 oA AEEN e G AR SA4o] 7HF ¢
3 F5o| HEoTdE AL Bustgt. £5& A X}
= 833 240 webA nAEY Exof thAHA Fo ¥
ettt A2 37 Had v Qe B R[4, 20], 59 Hj
FLE FE Ao|7t Al B Zo|E UEhf= el
oz FAHEY wehA At YRS A7) weEl F5of
Haxsks nAETY Zolof tigt Boh AAH A+t 5
wElolopy A2 AR

59| glucoamylase 4 4]

FES A2 W T2 A 4RV AYE0BER
2o golee U e Fasitp) F2o BaEe 22
glucoamylase A4S A EZ YERYJEZ Ao A £33
5L 2 ATl A Axd +59 glucoamylase A
24& SsHth(Fig. 1B). A|2A|7]7} 8€Ql #F B +5
I Y= 25T, AUSE 0% AzE ZFY B F5
A& glucoamylase B/4Jo] UEHA] ghghen, F3= A &
22 79409 SP, AAF 32 39.1+1.9 SPZ th& =2E
3} v w3l (OF 07 IO glucoamylase T4 Tk
Btk SAEE 4t & A qojA HE 5
o2 AEY At Hrh= F3HE o] ArjFe
o= yghgon, F3FAA £4E REL
gHtE= datgo] Yo g et Y B
641.6+35.7 SPZ2 7} £431 glucoamylase &4 &
et o, 23 B (615.1+13.1SP), 7+ C (586.5%
SP), oA+ A (586.5+19.7 SP) =22] &0 2 Jeyth 7
4B F+29 AL, a-amylase?} glucoamylase &4 &4 o]
BE e g whE, 9 0 R8-S o 2R 2ol
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Zo A A. oryzae #5F+= 2674, R. oryzae 3= 183 02
Uelgt o, o] @ o) = Mucor circinelloides, Syncephalastrum
monosporum, Syncephalastrum racemosum, Aspergillus
flavus, Aspergillus tereus 52 #57} 54 5 1 t}. Rhizopus
& Fgolt LRo2RY MuA Lert A, 59 4%
A YPE=7F FoH[4], Aspegilluse SARE Ao
o] golatm 7t HE IIaLE Pibst=s AL
A k6] w2hA] AE tiAker HAE G40 &4
1H A. oryzae?}t R. oryzae ¢-F 4473 Adtstch.

O W b b
trowe ox Mok
oo wE

=

T3o| #579 AR £5f a4 A

2 AFoA AH A2 FFo2RE E2H A oryzae
2} R. oryzase #59] o-amylase?} glucoamylase a4 A
< ZASH| 5t 2%9] 7 HES HAYCE
3 PDB H{ A& AHE-3FS] 25T oA 2441 7F v FEE & A5
HE It aa FS ST TFo] #F FolA
R. oryzae MBF3457} 36,724.9 £ 10.2 units/mg protein®
2 7V 23t a-amylase &4 AL YN0, MBF333
F3FE= 32,090.8 £ 527.7 units/mg protein® & FHAZ =
2 camylase T4 $4E ey THFig. 34). BT 75
2 A& R oryzae ATCC10260 o3¢ A. oryzae
KACC44246 &3+ Z+Z 21,191.0 £ 621.5 units/mg protein
1} 13,832.5 + 1,627.4 units/mg protein®] o-amylase &4 &
A& YeRATh. R. oryzae MBF345 -7} tj2F-¢} w23}
of 1.7 & a4 SAS Ugtilon, dijHes ¥e g
A AL vErd MBF190, MBF191, MBF257 ¥ MBF363
TFEL A oryzaeZ2 EQ1EQ]t)

Adret 448 9] o] FF9 glucoamylase A4S &4
st =4 (Fig. 3B) MBF345 9] &4 0] 4,911.81£48.1
SPE 7k 925191, MBF324 (4,595.4 +33.3 SP),
MBF375 (4,556.7+ 33.8 SP) #+59 «A =2 YEyth A
oryzae @52 F7E MBF222 (59.7+0.9 SP) ¥ MBF257
(152.9+ 0.8 SP) #5= A& o2 X2 glucoamylase &
A B8 Jehith 232 ARSE R. oryzae ATCC10260 o
ZF2} A. oryzae KACC44246 w3+ Z+Z} 3,510.7 £ 150.9
SP¢} 322.9+18.0 (SP)Z uEryth. MBF191, MBF222,
MBF257, MBF348, MBF351, MBF354 MBF366 %
MBF372 59 %& glucoamylase &4 A& eld #3F
E2 dHE A oryzae +FFoH, QRTE AFES A
oryzae KACC44246 w5 = H]523t %9 glucoamylase &
& BAE de,

HE2s 247 UHT d¥e ZE camylasedt
glucoamylased] &Ao] €43 A2 2 Ve R. oryzae
MBF345 455 £ XAE3}9th. R. oryzae MBF345 #3F
= R. oryzae G-195 ©3°[19]¢] ITS £ $](GenBank Accession
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Fig. 3. Enzyme activity of o-amylase (A) and glucoamylase (B) of fungal strains isolated from nuruk, Kangwon C. Cultures were
grown in PDB containing 2% soluble starch at 25 C for 3 days. Results were obtained from three independent experiments, and stan-
dard errors are shown. Different letters mean significant difference between means.

No. KP172533)¢} 96.5%2] A5AS Uelyon, gigtu=
o] Y EZFFAE (KCTC)O| R. oryzae KCTC46312 32 5
E3t5th

R. oryzae= M)A+ At S (zygomycosis)> YL
£ H94 TFol2 gHA L thFojR &= §HE LHU=tE
FUolA = TR FY A2 AHEEHE AYFoE
=30l #Fo|th2l]. STASHA] $e HHES Eo
£ 845 B8t R. oryzae #5€ 53] FF AX £
o Aol L3t ACE HIE T §low[2], Shon 5[26]
Rhizopus 55 ©]&3t FASIA| g2 Aol -5t
UFE Ago] ¢ Fom {4 o] WXt B
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[4]1& R. oryzae N174 455 AF&-3to] 5-15%2] L7|-& Hj
A5 AHgsto] AET A2 2AS H A3 v glon,
Seo 5[25]12 R. oryzae CCS01 ¢-57} & 2rdz] A= A
o 12.0%9] ¢FZS ARt Bustglh

R. oryzae 95 A. oryzae 459 28] HAES E3)5}
= gA4o] wfj$ 55t [10] vt AE HaEAQ] &5
oA AT E AHF LR o] & Aol uf$- et 43

o
o
2H, FF A, B 2 GAR e @7t Bag
Ao o,

A=A w3 E= A A w59 A& 23 ax

24E AR AES AN 7= B4 a-amylase
L AEE 40%, 30C 2ANA AZH F50] 24,7471+

units/mg protein® 2 7} £43}91 11, glucoamylase &
& AL AHEE 50%, 25T 24 A AZ2E 5ol 7}
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A oeloint AR BalelE BAl 1Y ST wRo
236 B%0] 089S L5 EAT A3, A oryzae
ZF 264, R. oryzae #F 183 &9l3}¢itt. MBF345 31
H R. oryzae #-5+= o-amylase 4 0] 36,724.9 + 10.2 units/
mg protein®| ¢l glucoamylase &AL 4,911.8+48.1
SPE 27 5 B} 2+t 174, 1.44] &4 EAo] S
e Ao YEton, o] 435 n|PEEEAE R
oryzae KCTC46312 #32 7|E3}A .
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