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2 =olMe A2/ protease®] AAHS A 3R] $Iste] A nIAER] Enterobacteriaceae sp. PAMC 256172]
S XA S o8- x| 9] HAsLE 43313} One-factor-at-a-time W= ©]-8-5197 yeast extract, TritonX-
0°] protease®] AJAitell FEE v|A= TR RS RIS EEjZQ1 3 QR10® pHE F7tsto] Wk
A RS ]88 Holf protease A FEE 2= 7 JIAFES] F5E €118 A3 5 g/l peptone, 3 /L malt extract,
10 g/L C4H,,0, 6.690 g/L yeast extract, 0.018 g/L TritonX-1002] 50l pH 6.7772] Zx10lA v =S wiYetalE 745,
FHtl] 10.049 U/LS] protease”} A 4= Qli= A OE of|SH QT AA vk A 8.03 ULLS protease”} BoIRL.

A3} o] 2] Wrkss} vluste] 150% ©13e] F7H ol FSlth AiA o= wixH 255 &3 protease FATEC]
Z7tell HEEEHIATH O] A go] f-83lth= A& ERIT 4= Ql=th. olef st AR FE, v HAFE o] &5t A
1A% 2l cold-adapted protease AAFEL] F717} of2] AbY ofellA] 88 o18d F & AoE AZErt.
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Abstract — This study was conducted to optimize the medium composition for cold-adaptive protease production of
Enterobacteriaceae sp. by response surface methodology (RSM). Yeast extract, and TritonX-100 were identified as the
significant factors affecting protease from one-factor-at-a-time method. RSM studies for optimizing protease production
of Enterobacteriaceae sp. have been carried out for three parameters including yeast extract concentration, TritonX-100
concentration, and culture pH. These significant factors were optimized as 6.690 g/L yeast extract, 0.018 /L Triton™ X-10, and pH
6.677. The experimentally obtained protease activity was 8.03 U /L, and it became 1.5-fold increase before optimization.
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Rk ot A=A 3 g Fofell o]27] 714 dE] AMH
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B Aqtef| A= FA]ol - FEi 3t protease A4k U]*@%J Entero-
bacteriaceae sp. PAMC 256172 Z U] protease AJ1He EH15}17] 9
3l one-factor-at-a-time= ©]-23}97 protease A4kl Q.9 S

"] x|= QIAFEE FR151 01 ([31,32], 1% =2 A1A}8} protease=
Akt QloiA] 3 vl 4= Q= physical factors F715H]
proteaseS AAFs=d] 71 22 3kE wiA|E RSMS: F5o] Lolr
TR} g
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2-1. FF8t A2}

Aol A}-8-3F protease A4t P A& Enterobacteriaceae sp.
PAMC 256175 AF-8-3F51 0w, =% A 5-4>(Korea Polar Research

Institute, Incheon, South Korea) = F-E] #9F "SI T} Yeast extract,
peptone, malt extract, agar, soluble starch(Becton, Dickinson and
Company, Franklin Lakes, NJ, USA), C4H;,0O4(Junsei Chemical Co.,
LTD, Tokyo, Japan), urea(Bio Basic INC., Ontario, Canada), lactose,
AAPF[N-Succinyl-Ala-Ala-Pro-Phe-p-nitroanilide], protease(Sigma-
Aldrich Co., St. Louis, Mo, USA), TritonX-100(Duksan Pure Chemical
co., LTD, Ansan, South Korea), SDS(GE Healthcare Bio-Science AB,
Uppsala, Sweden), Tween #80(Yakuri Pure Chemicals Co., LTD, Osaka,
Japan), Sodium Phosphate(Daejung Chemicals & Metals Co., LTD,

Inchon, South Korea)s ©]-8-5to] 24388 z1833iTt

2-2. HQF HHK| U HHQF X

ok 3k vl <] = 3 g/L yeast extract, 5 g/L peptone, 3 g/L malt
extract, 10 g/L C4H,,04, 20 /L agar /3 °ll pH 6.22] Hlj %] of] v] Y&

& 0] 15°CoA) 14903 vlaks}ol AL, ) ke 3 gL
yeast extract, 5 g/L protease peptone NO.3, 3 g/L malt extract, 10 g/L
CeH,,06 2731l pH 6.22] YM HIA| & 50 mL* 250 mL triangular
flaskel] o] 121 °C, 2023 B3 5 v &S A3l 15 °CellA
150 rpm @ % wHIske] 177171 vl kskSict.

FORAAE F7] 213E viA] 242 YM HiAE ARgsto] AAg,
S WA, AMSAIE ket AdS siSith e
AT 33] RHESte] 2135kl

2-3. §HE &3
PAMC 256172 A5 ELISA Reader(Molecular Devices,
VersaMax™ and SpectraMax® 340PC*%, California, USAYS ©]-&-3}¢
600 nmelA FBEE S8kt WA 50 uL FHske] e
YM medium 950 pLel| @] 208 3 Asto] FHEE S
1 YM mediums: blank® ATt

2-4. Protease ML X

Protease YA 5792 wlloFlS- 4 °Cof|A] ¥414-2] (14,000 rpm,
10 min)3t 5~ -5 2]} 50 mM Na-phosphate(pH 7.6) 200 pL,
ok AFS-el 100 L, 10 mM AAPF 10 pL, Z75 690 pLE E3lalo]
20 °CellA] 1037 HESAIR AL, 60 °Coll A 2033t B84 3} A7
410 nmell A FFEE S0, 714 il SRGE kst =%
M-S blank® ARSI

Protease®] unit<>- extinction coefficient(e)= 88002 % &} Th
2ol 2J3)] AFFATH33,34].

Unit (umole/min)/L =

(net ODy,) x (FF&-< 4-37], L) x 10°
& x (FSAIZE, min) x (FF-ofl AME-E Bk, L)
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2-5. A Al H HIEESEMHEM

o] AT+l One-factor-at-a-time *H-& ©]-8-5}17 protease A1t
o YIS VA= FRRJAAE A5 St} s7bA] QIAkE WS}
A3 TR QIRE-2 1Y AIAA] protease AT EolslSict &
JX]"“ Mmltab 16(Minitab Inc, State College, Pennsylvania,
SHRAAGN S AAT 5 v 2 o] 2] v
1670] ARAT-& 77t 32 RIEAFE 7A 312491 protease 8

90

o] ojo] W FRAL vhgv} k(A 1),

Y =0+ oy X+ 0Xs + X5+ 0pX X, XX o XoX;
+ o X ap Xyt 035X5° M

L4 A Y+ protease®] AJAFFO] A1 protease Aol T Q.3 &
H WHTE A7 X, X9k Xelth

THNIAGEE 3 A o F, Hhe proteases “JAFsl=
HiA) g AlEsto] ER1AEE X3gsSiT)

3-1. EQOIRHEAL

One-factor-at-a-time™ = 5-3F T QQIAHEA]
QAFE0] wAES] A U protease Ykl ot
glataint. WA, dags wstste] n g2 478 9 protease’y
AFEES ER1st A7 Fig. 13} 20] yeast extract”} protease’Jrtell 1
o} o] W S = A x9 07 2R3l 2L FolsldT)

A5 A A S 9ol YM iR &) 72324021 glucose”}
protease A4kl 7Hg 9JaFe] Q= Bhagow Zhgeh= A2 Bkls}
SITHFig. 2). Protease’§Atel T3 Al EdA| 0] &2 TritonX-100
= A7FI3E Wt e ARSAAAE A7 W o HE
= BtHFig. 3). ¥ Aol s AF § 2A7
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Fig. 1. Effect of nitrogen source on (a) growth and (b) protease pro-
duction of PAMC 25617.
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Fig. 2. Effect of carbon sources on (a) growth and (b) protease pro-
duction of PAMC 25617.
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Fig. 3. Effect of surfactant on (a) growth and (b) protease produc-

tion of PAMC 25617.
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Q210 % pHE W 3lo] Minitab 16 &3 S /IA12
AARE S, “Hxlié | 27] o2 16709 A3s 22 34
&S AR HtZ9 protease AAFFS SIS TH(Table 1).

23] A7} 5 g/l peptone, 3 g/L malt extract, 10 g/L CcH,,04, 5 g/L
yeast extract, 0.1 g/L Triton X-1002] & Lo pH6.82] 71 ol|A] 1]
=S MsESlS 7%, proteases 71 ol Aalehk=s A& €l
313127 (10.61 U/L), 5 g/L peptone, 3 g/L malt extract, 10 g/L. C¢H,,04,
0.9175 g/L yeast extract, 0.1 g/L Triton X-1002] 5% | pH6.831 =
ZANA v AYES wFelSl S A, protease?] Akl 71 vk
A& gRIsITH2.05 U/L).

o] A A5 EdiE th5d 22 BRdAlE I 7 Stk

Y =474+3X, +41.6 X, + 14X; —
- 0273X,2 - 36X,% - 1.08X,”

lo,

Y+ protease®] AJAHFS YERH, X, X,, X3 ZHZ} yeast
extract, TritonX—1002} pHE VeI T} B4 A 311 27 AR =
0.7970.2 A ATE R*HS &2 02} 14}o] ol EAl8hH, R*gke]
0.7970]2} g2 A& A 3t protease A A A9} 79.7%2] &g
& HYS-S Ynjsit.

P valuet= 2} A8 584
= A 3271 HTk F values 28 Q) @@'H
5, 2Ee] noise”t A8 al ]
X—]ﬁ]/\zzoﬂ Lo O] 1:11314

J& BdE 5 Qlrh(Table 2).
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Table 1. Central Composite Design (CCD) for screening of important variables for protease production

Code Levels Real variables Theoretial Experimental values values
X X X X Yeast extract X, TritonX -100 X, pH Y Protease production Y Protease production

! 2 3 (gL) (gL) 3P (UL) (UL)
1.633 0 0 9.0825 0.1 6.2 6.27 6.29
1 1 1 7.5 0.15 7.2 6.69 7.35

1 1 -1 7.5 0.15 52 5.61 6.21

1 -1 1 7.5 0.05 7.2 8.87 9.55

1 -1 -1 7.5 0.05 52 6.75 5.15

0 1.633 0 5 0.18165 6.2 7.25 6.36

0 0 1.633 5 0.1 7.833 6.37 5.38

0 0 0 5 0.1 6.2 833 7.20

0 0 0 5 0.1 6.2 833 9.55

0 0 -1.633 5 0.1 4.567 4.53 6.29
0 -1.633 0 5 0.01835 6.2 8.94 10.60
-1 1 1 2.5 0.15 7.2 3.79 5.30
-1 1 -1 2.5 0.15 52 3.66 2.88
-1 -1 1 2.5 0.05 7.2 4.72 4.02
-1 -1 -1 2.5 0.05 52 3.55 2.80
-1.633 0 0 0.9175 0.1 6.2 1.29 2.05

Table 2. Analysis of variance of the experimental results of the ANOVA

DF Adj Sum of  Adj Mean Fvalue P value
squares square
Regression 9 70.1531 7.7948 235 0.180
X, 1 7.1515 7.1515 2.15 0.202
X, 1 0.4438 0.4438 0.13 0.730
X, 1 9.0167 9.0167 2.72 0.160
X *X, 1 22.7016 22.7016 6.84 0.047
X,*X, 1 0.0031 0.0031 0.00 0.977
X5*X, 1 8.6766 8.6766 2.61 0.167
X, *X, 1 0.7813 0.7813 0.24 0.648
Xo*X, 1 04513 04513 0.14 0.727
X,*X, 1 0.5304 0.5304 0.16 0.706
Residual error 6 18.457 3.076
Lack-of-fit 5 16.5994 3.3199 1.14 0.609
Pure error 1 2.761 2.761
Total 15 91.004
3-3. FR QUXLS Zi9| ek

7k T A7 AEE A= FlE A gkgtont,
TritonX-1002} pHE yeast extract®] 3Hgo] T7FH5 v W& protease
S HERE= Flo = FRlE Qi) Wil pHS} TritonX-1002]
A= HlaA] ZEjel|A] s WA g 20 % FRIEISITHFig. 4).

3-4. RSM Z0| [}E protease Z|CH MAZF Z10]

HES-E A8 53510] of| 5% proteases HThE AYAIR= vli#] 2
Z2J& 5 g/L peptone, 3 /L malt extract, 10 g/L CgH;,04, 6.690 g/L
yeast extract, 0.018 g/L TritonX-1002] 5=l pH 6.6772] Z710]131
O, ofu] o)1= protease®] S 10,049 ULO E ERR1E| T
olof W& &l AP 335tk A} 8.03 U/LS protease AJAHFS
R} o] o} 3o A= HA 3] 982 YM iAol 4] 2] Attt
H 23S ) 158%2] 5718 protease BAEES BT} o)A oA
Z =41 v A= Microbacterium sp-2 ©1-8-3 3.641 2] protease *3

Protease (U/L)

TritonX-100 (g/L)

Protease (U/L)

Protease (U/L)

Fig. 4. Three-dimensional response surface plot of cold-production
protease production. (a) Showing the effect of yeast extract
and TritonX-100 concentration, (b) pH and yeast extract
concentration, (c¢) pH and TritonX-100 concentration.
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ProteaseS AAFSt= =4 v A& Enterobacteriaceae sp.2)
protease AFEFS T7HA1717] $18) RESEHIEATH S o] g3t F
A WA 24 S A AT Enterobacteriaceae sp.2) *37¢ v #] <1
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oz Il =82 374 Q10 % pHE F7}sted,
protease Aol 3]71419] R2E 0.7972 ER1E AL, Hh AAEES
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