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Effect of chloride ions on the catalytic properties of
human pancreatic o-amylase isozyme produced in Pichia pastoris

Min-Gyu Kim and Young-Wan Kim*
Department of Food and Biotechnology, Korea University

Abstract The AMY2B gene, encoding human pancreatic o-amylase isozyme (HPA II), was expressed in Pichia pastoris, and
the effects of chloride ions on HPA I activity toward starch substrates were investigated. As seen with chloride ion-dependent
o-amylases-including HPA 1, the isozyme of HPA Il-chloride ions increased enzyme activity and shifted the optimal pH to
an alkaline pH. The activity enhancement by chloride was more significant at pH 8 than that at pH 6, suggesting that the
protonation state of the general acid/base catalyst of HPA II was important for the hydrolysis of starches at an alkaline pH
because of the increase in its pK, by chloride ions. The turnover values for cereal starches as the substrates markedly
increased in the presence of chloride by up to 7.2-fold, whereas that for soluble starch increased by only 1.7-fold. Chloride
inhibited substrate hydrolysis at high substrate concentrations, with K, values ranging from 6 to 15 mg/mL.
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ZE& SCI1130582 OriGene Technologies, Inc. (Rockville, MD,
USA)PIA 43It AMY2B F-1AE SZ3517] Slste Z&)
2P SCII30588 T2 ARgsilen, & 7o 4 =&t
ol  HPA-Pm-fw (5-GGGTTCTGCACGTGGCAGTATTCCCCA
AATACA-3"2} HPA-Sa-rv (5-TTAAGTCGACCAATTTAGATTCA
GCATGAAT-3)S o]&3le] PCRS 33l9ith SZ % DNA %
Z+E PmliZt Salle 2 A9t & 22 Algaig ddst pPICZa
(Invitrogen, Carlsbad, CA, USA)$} gtolAlo] st} glolAlo1A
Wk-S-M-S- Escherichia coli TOP10 [F' {proAB, lacl®, lacZAMI5,
Tni0 (Tet®)} merA,  A@mrr-hsdRMS-mcrBC),  ¢80lacZAM135,
lacX74, deoR, recAl, araD139, A(ara-leu)7697, galU, galK,
rpsL(St™), endAl, nupG 11 BAAE g 5, Al 22 (zeocin)®]
25 pg/mL ¥ LB AR (1% tryptone, 0.5% yeast extract,
0.5% NaCl, 1.5% agan)ll =3t 4] W3 FAASAE A
i) AdE FAHMIAZ 9% F QIAGEN plasmid mini-
prep kit (QIAGEN Inc., Valencia, CA, USA)Z ©]&3lo] Za}x
MEE A5 F AREE NS Bl ARG SepavE

pPICZo-HPAIIE 4131 T,

=gt Z2}AD|E pPICZa-HPAIl MZ

Az3 Zek2v]= pPICZo-HPAIIE Lin-Cereghino 52| "
of WA P pastoris GS1150] FHHZ SIATH19). FHHS o
S A 241250 pg/mLy’t +E YPD ZZLAMIA] (1% yeast extract,
2% peptone, 2% glucose, 1 M sorbitol, 2% agar)ol] =235} &
A WS Hole JAATAE 1A= Adsidict. FAHSHA
€ 30mL Aol A8 F, dEY 1 mLE PCR FFoE At
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HPA 11 547} AF3H= HPA-seqrev2 (5-TTATGTCTCCAG-
GCCACA-3YS o-&3le] 700bp =7]¢] PCR AHEo] SEZHE= §
AHIA S Adsirt.
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o}, A2E A APAS $18iA] BMGY WIA] [1% yeast extract,
2% peptone, 1.34% Yeast Nitrogen Base with ammonium sul-
fate and without amino acids (YNB), 4x10°% biotin, 1% glyc-
erol in 100 mM potassium phosphate, pH 6.0)2} BMMY #j %]
(1% yeast extract, 2% peptone, 1.34% YNB, 4x10°% biotin,
0.5% methanol in 100 mM potassium phosphate, pH 6.0]5 AM&-
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Fig. 1. Time course analysis of production of HPA II in P.
pastoris.
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Fig. 3. Effect of chloride ion on HPA II activity. The reactions
were conducted in 100 mM sodium phosphate buffer (pH 6.0-0H
8.0) at 30°C with 0, 1, 2, 5, and 10 mM NaCl. The relative activities
were calculated on the basis of the activity at pH 7.5 in the presence
of 10 mM NaCl. Closed circles, open circles, closed triangles, open
triangles, and closed boxes represent the reactions with 0, 1, 2, 5, and
10 mM NacCl, respectively.

(Fig. 3), 2L o)’dollx= A9 ®sF vehdA] &ttt ol gt 74
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Fig. 2. Effect of temperature and pH on HPA II activity. (A) The profile of activity over temperature. The reactions were conducted in
100 mM sodium phosphate bufter (pH 7.0), (B) The profile of activity of pH. The reactions were conducted at 30°C. Closed circles, open
triangles, and closed boxes represent the reactions in 100 mM sodium acetate buffer (pH 4-pH 6), 100 mM sodium phosphate buffer (pH 6.0-pH
8.0), and 100 mM glycine-NaOH buffer (pH 9.0-pH 10.0), respectively.
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Table 1. Effect of salts and EDTA on HPA II activity"

Additives Relative activity Additives Relative activity

(%) (%)
None 100+0.8 MnCl, 69.8+0.6
NiSO, 82.5+1.0 CaCl, 117.0£1.4
CuSO, 82.3£1.5 KCl 112.3£2.1
FeSO, 98.0+1.1 NaCl 112.4+0.6
MgSO, 100.9+1.7 EDTA 65.8+0.3

*The reactions were conducted in 100 mM sodium phosphate buffer
(pH 7.0) containing 0.5% soluble starch as the substrate at 30°C.
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HPA 1¢] A% "AE F8 aolddel~E0] 7K Zg A%
Ztelol s gstE obu=AF Z7](Asnl00, Argls8, Aspl67, 2
His201)E 7HA13L l&¢] B EJATH?26). HPA 11 9] L3 zt

712 FAE Ag A ARE 7 J2u, NaCleh Ashxe)
FKCHF Blazs)A] HspA4R(CaCly) TA] A B28Ae] IA Z
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Incheon, Korea)s 7|22 3slo] G484 T3l vk =2% 1B
A (kinetic analysis)& AAI3F3ATE. Oi/\O]% B A ZE =uke
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kinetics mode)2- UrE‘rIH o (Fig. 4A), 7HEA H2re] AS 3
o] 713 A FAo] AHE 717 JA v &
% (substrate inhibition kinetics mode)S WER ATh(Fig 4B). &1
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A 20 71E A WS {3 o] FEEATKFig. 4C). 7t
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Fig. 4. Kinetics of hydrolysis of starches catalyzed by HPA II. The kinetic modes for cereal starches were similar to those for corn starch.
Kinetics results for corn starch were shown as the representatives in this figure. (A) Dependence of rate on corn starch concentration without
chloride. (B) Dependence of rate on soluble starch concentration without chloride. (C) Dependence of rate on corn starch concentration with 10
mM NaCl; (D) Dependence of rate on soluble starch concentration with 10 mM NaCl. Due to the abnormal substrate inhibition mode at high
substrate concentrations (closed circles), only the rates at low substrate concentrations (open circles) were fitted to the Michaelis-Menten

equation.
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Table 2. Kinetic parameters of HPA II in the presence or absence of NaCl*
Additives Starch substrates k., (sec™) K (mg/mL) o' /Ili;agi/-KlgL") K, (mg/mL) Kinetics mode
Soluble starch 460.8+87.1 1.41+0.40 326.8 4.68+1.81 Substrate inhibition
Waxy corn 233.5+10.0 1.14+0.13 204.8 S Saturation
No NaCl Potato 240.6+7.5 0.66+0.07 364.5 - Saturation
Corn 233.2+4.8 0.33+0.03 706.6 - Saturation
Hylon V 210.5+4.7 0.65+0.05 323.8 - Saturation
Soluble starch® 795.3+68.1 0.44+0.09 1807 ND¢ Substrate inhibition
Waxy corn 1303+209 0.87+0.21 1498 6.95+2.58 Substrate inhibition
10 mM NaCl Potato 1728+273 1.10+0.24 1571 5.96+1.95 Substrate inhibition
Corn 1082+100 0.37+0.07 2925 14.23+5.45 Substrate inhibition
Hylon V 1287+88 0.87+0.09 1480 11.2942.39 Substrate inhibition

“The reactions were conducted in 100 mM sodium phosphate buffer (pH 7.0) containing 0.5% a substrate at 30°C.

*Not detected

“The kinetic parameters were obtained by fitting the reaction rates at the substrate concentrations ranging from 0.0625 to 1 mg/mL.

4Not determined
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