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Abstract — In this study, the physical factors for amylase production by Arthrobacter sp. were optimized using
response surface methodology(RSM). Antarctic microorganism Arthrobacter sp. PAMC 27388 was obtained from the
Polar and Alpine Microbial Collection(PAMC) at the Korea Polar Research Institute. This microorganism was con-
firmed for the excretion of amylase with Lugol's solution. The amylase activity was after flask culture was as low as
1.66 mU/L before optimization. The physical factors including the inoculum volume, the initial culture pH, and the
medium volume were chosen to be optimized for the enhanced amylase production. The calculated results using RSM
indicate that the optimal physical factors were 2.49 mL inoculum volume, 6.85 pH and 42.87 mL medium volume with
a predicted amylase production of 2.84 mU/L. The experimentally obtained amylase activity was 2.50 mU/L, which was
a 150% increase compared to the level before optimization.
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Fi= AR o] AR} oA Anlef] mE v]g-0] HIhE
T3k Qlom, fAIE 7 2 X 2= AT 22 A AlgdellA] Bk
W 9 Blg-e] HAks 7EAE 4 QATH4-7]. BFE A AkslellA] =5
@ 58] 7ol o] 85 1 Q= obdetolA]l HA] o] H T phE
2LofA o]go] 7hssitt.

olst a4 F ofdelolAl= el 8l O-glycosidic B3-S
EolF o 3T 4= Q= 7l &aoltt. opdEtelAl el F
Q3 F At FF Fopbd oA (glucoamylase) 2t Luk-old 2ol
A (0-amylase)°] T}

= F 3o glot A (exo-1,4- o-D-glucan glucanohydrolase, E. C.
3.2.1.3) opdEtobA] 9} ol £l (amylopectin)®] W] 3Hl Wko
EHE SFFIX(glucose) FHANZ DAIZ 02 Tlsl|sitt[g]. vt
el &atobd go}A| (endo-1, 4-a-D-glucan glucohydrolase, E. C.
3.2.1.1)+= linear amylose chain U4-2] Q15 st 25T 9 A] AF
o]of] &A= 1,4- a-D-glucosidic 2 5= 29 2 Hallsh= Al X 8]
H A (extracellular enzyme)©|TH9].

I8 5= AE oA S g vjdEEel os) it
ok e, v E el e gabopdetolAlTt Al e &
sfopdeolA B} v QPgAlo] 3 4 7H 0 &2 o] W1 <] Akglell
AR T QIEH10,11]. ©] Eh HE-S Aok 25 N3} A
Gz, A L A AN 58 W A elA] ARG5S A%
71, Aok 9 5 Y5} 5] Aljlel| = o]-8-5] 11 JlTH10,12-14].
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RSM)e] A3} A7) T A o &2 ARE a1 i}

RSM:Z of2] 7]€] QI2p7F H3HA]R1 2182 ghoma] ofw wh-g-w
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2-1. 0= 3 BHF HHR

Aol AR =] B A=< PAMC 27388 5419174 (Korea
Polar Research Institute, Incheon, South Korea)@F-E] #9F ®HIT},
ok - vl Al ol 2%2] soluble starch (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA)E 3 7}5lo] 22 U7} A7) o] F
Lugol’s solution (24 g KI, 1 g 12 and 0.5 g phenol per 100 mL solution)=-
o]-g3to] opdEtolAl RS ERISIGIT

222, OME 5%

Ao A v A E 2 32 5% DNAS 58 (template) ©. 2.
16S IDNA-AALE 588 A A 4RES-(Polymerase Chain Reaction,
PCRAPH& AHE-3lo] T&31lom, Aol ARS8 primer™= universal
primer?] 1492R (5-CGG TTA CCT TGT TAC GAC TT-3")3} 27F
(5-AGA GTT TGA TCM TGG CTC AG3)Z 0] - &3+ TH18). PCR
A 752 QIAquick® PCR Purification Kit (Qiagen, Venlo, Netherlands)
5 o] g3lo] A5 01, oF 1.5kb2] 715 2= A1 EIskS]
t}. o] & (F)ul=L Z A (Seoul, South Korea)ell 2] %5101 16S rDNA
71 HE BRI NCBI blasts F31] 543510t

2-3. Y =2

ZH e 1 A= Marine agar (Becton, Dickinson and Company)
SRSl o, v AlES o] 15 °CellA 7Lt mieFslo] ARE-
3FAth A 6l @F-2 Marine broth (Becton, Dickinson and Company)
= o] 8351511, 50 mi¥ 250 ml 22} E2kA~H (triangular flask)ell
31121 °C, 2053t "3k $ pre-culture THAI9l 4 OD#ke] 0.4¢]
251938 ) 2%2] v B (vvyS HESH] 15°CeA 150 pm .2
Hiato] 3U3T wjaiSict.

Bl b oo

2-4. OME9| NEZESE 5Y

1| AE-0] M| 33555 ELISA Reader (Molecular Devices, VersaMax™
and SpectraMax® 340PC*%, Menlo Park, CA)E- ©]-4-3}%] 600 nm®J|A]
FYEE 25k mloFS 200 uL 33k HoE MB 800 pLoll
wol sulf s]Alste] FHEE 548310, HtE MBS blank® A}
g3kt

2-5. OfLEiolN| &Y =5

ol etolAl B4 Z7d-2 vl oF S 4°Col|A] YdE-21(14,000 rpm,
10 min) 3t 3 AH5-0-S- 3425107 1% soluble starch”} &7} 50 mM
Tris-Hel (pH 7.0)€-3& Y 250 plol] vk A5 250 plS E§3ko]
25 °Col| Al 603+ WE-5-A1Z1 T, DNS solution 500 plE &35}
100 °Coll 4] 537} incubationd} TH19]. ©] 5 4 °Coll A Wztato]
ELISA Reader £ ©]-8-310] 575 nmelA] 3452 2431517, Wad
MBZ 7}5t 88 S plank® AHR-FQITH B3 AL o] S %
0.2% E @ (maltose)E ©]-4-3+ ¥4 (standard curve)yS B
© 7 Zole 3P T (optical density, ODYE T35t 3o oFs
AFs}3Ith(data not show).

ok 9l B AL 3xte] WHESto] Hargto® BAIEISIT)

2-6. A M H HIEEMEN

2 Aol A= ofd oA o] Aatel] P A
Z A AEE T QA ¢ EElE 291 7R E o]
16 (Minitab Inc, State College, PA)= & )
sk$ z310] 247 vhE 207012 AP 717 39 vl
] B opdetelA] /4 g1 o oo mE Elale
o3 2k 1).

Y=ot o, X; +0pXs + 03X3 + 05X, X5 + 043X, X5 + 0p3X0X5
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HAE BEA Q915S 217} X, X9 XS] SR Agslsic,
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. dut o oE
3-1. 0¥E 33 gt
PAMC 273882 16S rDNA {812} 1 0] 9718 2kl sh 5.,
NCBI blastE 5380 5302 A7} Arthrobacter sp. B-5 (GenBank:
DQ513408.1)2}F 97%2] FAMdS W),

3-2. OFZZ|OfH| AAk2t =0l

& ATelM ARE | AE S ofdetobA] AAEES gRlakr] )
ao] mAES 15°Col A MBIA] 96h Ek ujoFate] obuletolA]
AArEES- helskitt 1 A 72 h vlloFEkl S uf 7 =2 ofd
Zlo}A| AYito] o] FoiH-E 215131 © ™ (data not show), 1.665 mU/L
o YL vehis 212 S 5 Uit

-3, HESEMEM

B o1d ol BT S 434 2013

210 W8hE o] RSME WAL, B4 22157 opalelo}

A ) RS IS Sistel £ 290z 1A
-39] (inoculum volume), 54201255, B #] 2] H-37] (medium volume)

= AdAs o], A9 7k B QRIS SHUTE st
Minitab 162 &8 SH S ALY & AASE 5, 2310] 27| v
20719) A 77} 3] WA S A1 Fr Al obdetolA
AFgE ER1IEISITH Table 1).

A A3 AFL F9)7F 3mL o™, 7.0 pH, Wi#| 2] F-3)7}
50 mLo] Z=xielA opdetolA|7} 7 who] Bakehs Z1o® 21l
w3t

o] 23 AvkE EdiR slo] vt 22 REAE A 5 QlSinh

459 - HAF

Y =-56.9 +5.53 X, + 13.9 X, + 0.236 X; — 0.578 XX,
+0.00116 X, X5 — 0.015 X, X5 — 0.326 X, — 0.866 X,
- 0.00159 X;2

Y& opdEtorA|e] ks e, X, X, X5 212 4529
§3, a0l s s, wijA 9] FuE vebdth F4 A3 A AR
(R?= 0.975% AXFE AT R 7 03} 140 of] EA)8H0, R
#hol 0.9752H= A A A §F opdetolx] g A9} 97.5%2]
X‘]%‘]—/H_Q_ EI_O:I_M_ 3113]6—]-];]_

P value= Z} Al150] SRS ERIgh= &2 79 58 2l
Sh= A E7F Feh B3, F values 232 434S ddkshe A2
ARgEH], 2EO] noise’} A EES &1 st
ARATZE L 9 R fad s Y-S dAlshe Ao= 4
$H3S ks 4= Qltk(Table 2).

3-4. H5 Zi0| HEkl|
=94 e”ls3e] Hekdt
opdzetobA] o] 2 she ~Yatel
L #AE EASh= A FR1E = A3 ThFig. D).

3-5. RSM Z1lof| [} OFUZIOM| =ICH A= =0l

FH ole] EAE2 FH sl tigt wilo] T7HEe whef oy A
T7F FeE 2 Qlet. opd oAl JA] HA S F HEE 1 9l
8A4E 5 sholrt. o]x 2] opdetolA] HZgle) st A7E5 K
W o F-o] wjklA] o] ARRhE Wk A7V 284 Q13 vl

R o] iS5 MR sto] IS} 1 A2 Bacillus sp. oA w2l
ot Etol A E ] dwe] MstE 3 4 3E st
134%8] A 571 Rl A7 EAlsh, 224 213 vl
2] o] Ait-s MR 310 487%2] A SUHE SR A &

Table 1. Central Composite Design (CCD) for screening of physical factors for amylase production

Code Levels Real variables Theoretical values Experimental values
X X X X, inoculum volume X pH X5 medium volume Y amylase production Y amylase production
1 2 3 (mL) 2P (mL) (mU/L) (mU/L)
1.682 0 0 3.682 7 50 2.156 1.943
1 1 1 3 8 70 -0.365 0
1 1 -1 3 8 30 1.219 1.110
1 -1 1 3 6 70 1.561 1.388
1 -1 -1 3 6 30 1.942 2.220
0 1.682 0 2 8.682 50 0.092 0
0 0 1.682 2 7 83.636 0.016 0
0 0 0 2 7 50 2.683 2.679
0 0 0 2 7 50 2.683 2.683
0 0 0 2 7 50 2.683 2.682
0 0 0 2 7 50 2.683 2.701
0 0 0 2 7 50 2.683 2.669
0 0 0 2 7 50 2.683 2.683
0 0 -1.682 2 7 16.364 1.747 1.758
0 -1.682 0 2 5.318 50 0.375 0.463
-1 1 1 1 8 70 0.274 0
-1 1 -1 1 8 30 1.951 2.128
-1 -1 1 1 6 70 -0.112 0
-1 -1 -1 1 6 30 0.362 0
-1.682 0 0 0.318 7 50 1.365 1.573
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Table 2. Analysis of variance of the experimental results of the ANOVA

DF Adj Sum of squares Adj Mean square F value P value
Regression 9 23.6208 2.6245 43.16 0.000
X 1 0.7555 0.7555 12.42 0.005
X5 1 0.0966 0.0966 1.59 0.236
X3 1 3.6153 3.6153 59.45 0.000
X *X, 1 1.5326 1.5326 25.20 0.001
X,*X, 1 10.8023 10.8023 177.62 0.000
X5*X;5 1 5.8457 5.8457 96.11 0.000
X*X, 1 2.6750 2.6750 43.99 0.000
X *X;5 1 0.0043 0.0043 0.07 0.795
X,*Xs5 1 0.7236 0.7236 11.90 0.006
Residual error 10 0.6082 0.0608
Lack-of-fit 5 0.6076 0.1215
Pure error 5 0.0005 0.0001
Total 19 24.2289
(@ A $HH20,21]. B3, Kluyeromyces marxianus, Serratia marcescens,
Streptomyces sp. &= ©|&3t] HAE Wk A% EA ST
[22-24].
2 AT = 24 284 QRINES SR ARSte] AFE X
3IATE RS HEA S Fato] Hulf opdefoA] Ahteke- 2.84 mUL
P o 2 oIk ol el He14 QS 22 1) Fs 249 mL
i o], pH 6.85, W% 2] §-31]7} 42.87 mL2] Z70llA ) oldelo}
N A S 2R 207 oPdEIQdrt. ol whe el AL A
) A3} 2,50 mU/LE] ofRlelolAl kS Gt o)g) 2o A
HA G A & oA o] AL vl waklS W oF 150%2)
(b) =7t opdetolA] ik Kl RSME o] g3t ui A H A gl=

w

D :
=1
(c)
2
D o
= L ’B
20 > 6
4OC €0 -so s

Fig. 1. Three-dimensional response surface plot of amylase production.
A; inoculum (mL), B; pH, C; medium volume (mL), D; amylase
(mU/L). And, (a) Showing the effect of inoculum volume and
pH, (b) inoculum volume and medium volume, (¢) pH and
medium volume.

SAABEE o] 2-3F ZZE|oLA| 9} TR E] 0] =0 AAbel . Bl
= TH25,26].

4. 4

rhu

oldglolA| S AAakss =4 v AER drthrobacter sp. 2] o
gfobAl A S7IA717] fJ8to] HESEREA S o] 88lo] F
A3k 2312 A8k MBell E919] #3917} 1 mLo]v, pH
7.6, WA 2] #3]7} 50 mLe] 27114 PAMC 273885 A2
75 obtlgtolA] o] APFEL: 1.665 mU/LL.E 1= Qlek. B2] 4
221 37k 5 WS R 3to] RSME A A7} 317]4 o R*gtE
0.975% Q1= a1, ] B2 HEA2] F-917F 249 mLoTH,
pH 6.85, 1% 2] 3917} 42.87 mLe] Z3i0M v E-E wiekslgle
u, 2.84 mU/LS] opdetobAlZ} ke 1o A SE gl o]l uf
< 21 AR A} 250 mULS] oFletobA] A SQ1skglaL,
2 gkl e] AR oF 150%2] A S7FE ERlsgin) i <

5 5ol ofdetobAl BAFge] Sl RhesE A o] A 8ol
- fgotrhs e ERlE 5 Ql8ln o]l AI= N E RSM
& o185 v e frefe] ofdetobAl ikl ST AN o
ole] Eopell 881 0184 = 302 ol ket

B QI BUHARF SN 555 A Golden
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