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Effect of Electro-stimulation on Stability of
Alcohol Dehydrogenase from Horse Liver

Kang-Min Lee, Chunl-Sang Kim', Hye-Jung Lee’, Dae-Hyun Hahm?, Chung-Ung Park*

Division of Biology, College of Natural Science, Chonbuk National University,
1: Division of electronics. College of Englneering, Chonbuk National University,
2. Department of Oriental Medical Science, Graduate School of East-West Medical Science, Kyung Hee University

We investigated the activity and stability of alcohol dehydrogenase from horse liver (HLADH) under the electric
stimulation. The activity and stability of alcohol dehydrogenase depended on electric output voltage, stimulation time,
pulse duration and pulse interval, and temperature. HLADH retained about 23% of its activity in buffer but 78% in 10%
trehalose solution under electric stimulation with 10V, 10min, The stabilizing of enzymes against electric stimulation by
stabilizing additives showed a great potential use of enzymes in biotechnology and medical engineering fields.
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(HLADH alcohol dehydrogenase from horse liver)
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AYEBIGL,  FAEESOlA HIZIAE7IE BDS-301  Digital om, A=A A 72 oA /A8, 7 gt 612
Electro-stimulator (BIOTRON, Korea)Z A}E3I3T}. Z2HO AXBF ZolA] ZEMUY Ml wE §49] ord g}
e FRISINT.
2. A~k 6) A7)Al= cloll 2EHslol Qg ¢ ©@rAagad] T
1) A71AFE) o 88z
Hlo] @ EEollA] R|ZHS BDS-301 Digital Electro-stimulator xmx}:hm o] BB} U BEAFAC HISo) 1A
2 AEsIET ol 771 &9 4‘?:}0] 001V"100V77}7§]0]U:‘ ct T g8 7] f5kd WA L7} 20TolA FNRFARME
A BT, Al %“’é}/} Halt 7hest ASE delsl MEst 4087 }7(] E7TIHA] 549 WEE BESINC 1 tig vg
2 gdFol A8ske H7IAAE *al%l ZI712A, 48 Hol 258 30T, 0TE E7FAIZ] & Q9 22 gHoE 99 o
calibration 3} A}oG}%’r/}- ] 7R AEjolA] 2iEe BASINTE
2) 29 {}Oit’ﬁﬁ 2ojot gF geadis 7) At ST A trehalosed] Qg &F Bephghol oF
& YA FAE BoehringerAlZRE 7RIk HAGIA q%
AFEBIST. :r“?:}ﬂ 4 94 Belold g2 AHEE 50mM H71A =8l 259 &l 9sle] Bladsld §48
TES (pH 7.0) 4E8HO0Z Tl= 0.2M sodium chloride 990 QYA BIA717] H8ld o] gAE 712 PE 3l E2191 trehalose
Z 50 2 ¢l Bl & YT AEEdo thole] 51F S50 £ o188l G4 oS ATE STt TrehaloseZt S4~ ¢FY
F45ld ARRSIENE G4 Ed5e BEEEEOE 340nmol|A] 59 @Y Lo mixlE gae deb] 95kl 2% 20T, 30T,
ZEA01 NADHY E7H8 Bolod A-sIdrth 35°C, 40°COllA, 10% trehaloseS QVHSIME H7telL LESH &
3) A71Al=5l0] ¢F Beafilss S8E ZIRFS(10V, 1082)E FHA] o] 49 eHE L& ZFEsIUC
gao] gt A71AFE 9SS 1.5ml eppendorf tubeQtollA]
10mM ethanol, ImM NAD+, 10ug SA~8MollA] #EIH O, A} 7§ 37/]_
= &8 A2 UV-2&71E AHESHY 340nmolA] FBEO] ¥s}
£ SF3I6t J2A=Y 71EgE = %@7\?0‘0] dger 1A 7A=Y &89AY, ASAHALL, ASUHEAE oY
O 7 A&HE single pulse repeat typeE H-E81912m, AL A SHA HSIA A UE EeAg Al e 018 nk HA
24 05cm 7139 igils ARSOINTE S8R 0.5Vl AFAIE A=l &4 2 sUoA dE6la, £87YUE
AOVAIR] Al=g 71ICH, A= ALAILS 102004 Zo) 4082 HIAZIH 1 ZHE 2RIGKIEE 1 23 H7] Al=9 [
A AEBIRTE A=A H Rl 0.05 msecoil Al Ssec7t o] EVVESE ¢ gl gas HEds) He ACE Vel
A HERFCE ETZOEA U8 Yt aAo HEE ot o} 1V AYY] AFollAlE 408 SO AIARE FH das
7] {15t} F71AI=0] gl MEfolA 49 84S EF510 64% 01239 Y57t ZABIKL, 20VE A58 FH 108 o
HI 51 74% 01439 57t BASIHCE AU A=Y M71ek AR
4) XU]X =0l UF g4 id s AlZIo] B7F EE G4 g4 ngdsl g8 o ¢ At
HA71A=9] 5717 G409 HE Rl mixle gakg 2] 9 (Fig. 1). 019} Z& 2 LF 45a 4 F29) vl=oht &
5]'01 220l 10ug/ml §48 vHEZol Y1 H7A=E ¢ g AsEAE0 B €A Hgas g9g 29t
% 10mM ethanol, ImM NAD' W& 3 UV-BEZ7E Al261H
340nmoliA] AL HlE ZF5ICE OS] e 34 v
<} OFEAE Y WUIXES & A2 WHoRE AN £aa
g 21 E3%Y ¥nE ST G
5) AR5kl Hrbol o UF BELELAY EEY Ze
= VS g i 60
LI geagas OHEE aE B Yol gk ol R
A8 QHEHIMPFIE YWOE UpiXl  trehalose, mannose, € 2
maltose, sucrose, inositolZ AEHGI] AEF B4 AF 47 A71A 0
- o - o] 10 20 30 40 50
=0l T/HOM Oqu]'l/} orgslE & 91\ NE ‘7—15‘)86}91 LUt g Incubation time{min)
47} oei7iA] sl g8 ¢ldle] Al = Aol sl

SO = o o o1 Fig. 1. Stabilty of HLADH as variation of output voltage and
Z& oI 31E=2H- 2 CMC, agarose, carbopolS AHEGIAL incuvation times Electropulse is single pulse repeating type and

=
olE BE/E BHES BRI BV ol BE olgo D P e e i Dt Ao e o
L 54 SHTE =5 8 4 7] Rl 1% =SojA] L85l ggt%rm?#ggré t %PZ{OW?rnO at tvoll@), Svolt(M, 10vol(A), 20voltl-). The aclivity was
Aok EEAY 10V, AFRIZ 108, AF2] A& 4G 129
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st AR=AI&RIE 0B R IFehi, A7IAE0] ZHiAE
A= FAAZE (Pulse duration; PD)3} X}=714 (Pulse interval:
PHE EL5IH HEAIAH7I] K}2A7]1E 10-40VS) S710) w2
U BLLFAEEE SE0IY VR AEUTH 1 23, PDS}
pm A24E O Bhais THO TS AolES B0

Fot. LF GehEse Plo dAglol AZIM717F HAE £
% DS we uays B2 ¢ & U Fg 2.
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Fig. 2. Stability of HLADH as variation of pulse duration (PD),
pulse interval (Pl) and output voltage Electropulse is single pulse
repeating type and maintains for 10minutes. Final concentrations of
enzyme reachon mixtures were 10mi etranch 1mM NAD+, 10ug enzyme in 50mM TES
buffer, pH 70, HLADH were stmulated for 10 min from 10V to 40V wih
PD =Pi=005msec(x), PD=Pi=0.1msec(A), PD=Pl=1msecll and PD=Pl=1seci4p)
Tre actvity was determined at 34Cnm.

A=A &AL 349] Hilol W2 &F B4das 84
2 1 Aozt vlAsid dge "o 8sIs s,
A=A &A1 03 A=A AII0) 2lges dF Aiaad H7)

A=l Ble AEHoE dEEy
A 4 4 drh
F71A=0l g5l vlgys © G408 g AME0K o

A7 e d7e dioMe, YU oR 48 kst
Shk= & &, mannose, trehalose, maltose, inositol, sucroseE 4
wEiol 540 HEEES ARSIICE SUS WIIRZ 719 A
7 0V, 102), U8 B BE10%) ZdskiN otEst a3E
ZRIGIEE A71Ab=0l theld] 845 FEsKITIE §3e 2

A VErgE BTk gl Adt 549 gE AgdAls
trehalose, mannose, maltose, sucrose, inositol A2 QFY 3L
AHE BAC} (Table 1).

Table 1. Relative activity of HLADH in 10% sugar solutions.

Sugar Relative Activity(%. A/AQ)
No sugar 23
Trehalose 8
Mannose 7
Maltose 52
Sucrose 3H
inisttol 31

Electropulse 1s single pulse repeating type(PD=Pi=1sec) and mamntams for 10min, Final
concentrations of enzyme reaction mixiures were 10mM ethanol, 1mM NAD+, 10ug
enzyme In SOmM TES buffer, pH 70, HLADH were stmulated at 10V i the presence
varous sugars. The achivity was determined at 340nm,
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AFEROl Bl THA] 23%9) X EE Zh=r) 18Ut 10% trehalose
alolAz AF0] fle duolAEr) 78% =2 3o 885
HAok 0] 10% trehalose SWoAl: G4 T 295%
E7EHAEE nisicth o]} Zo) g2 F4E A A=288
Bl 238 Yol gt §49 orgsle Be A7 I
QIrt. Chitosan, sucrose, raffinose, sorbitol, mannitol, glycerol©]
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ATt EYEFUE 10V, AFA LA 108, A
129 £7082 AVIAIES 7I¥MES ul, trehalose
ghofl w2l A71A=0l sl E48 erdsiete
2018} 4= UKL} (Fig. 3). Trehalose®] =57} Z7Hetol weii]
A xo]7t et 1% trehaloses FolAls A=
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Fig. 3. Effect of trehalose on stability of HLADH under electric
stimulation  Electropulse is single pulse repeating type
(PD=Pl=1sec) and maintains for 10min. Final concenirations of enzyme
reaction mixtures were 10mM ethanol, TmM NAD+, 10ug enzyme in 50mM TES buffer,
pH 70 HLADH were stimulated at 10V in the presence of various concentration of
treraiose  without  electrostimulation(C)  witr  electrostimulation(l).  The activity was
determined at 340nm

A7IAb=0l g5k HligdslE 48 erEss] sk
sl=RAe Algskt? d7Aw, nigdst ¥ Fak 1%
CMC, agarose, carbopol&<ollA] AL HIsEHA eF 8l HAUTt
(Fig. 4). EAE 10VollA] 208 H7IAES F9S o 4=
HO| 80%E KT 1% CMC, agarose, carbopolE Mol A=
Z¥2} 35-40% Blol AATIAL 2Tt T 1% CMC EHollAd 0]
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Fig. 4. Effect of hydrogel on stablity of HLADH under electric
stimulation  Electropuise is single pulse repeating type
(PD=Pl=1sec) and maintains tor 40min. Final concentrations of enzyme
reaction mixiures were 10mM ethanol, ImM NAD+, 10ug enzyme in 50mM TES buffer,
pH 70. HLADH were stimulated at 10V in 1% hydrogel CMC(A), carbopol(lB) agsrose
(@) without hydrogel(-). The actwity was determined at 340nm.
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Fig. 5. Stability of HLADH in 1% CMC solution as variation of
output voltage Electropulse is single pulse repeating type and
both pulse interval and pulse duration are 1sec. Final concentrations of
enzyme reaction mixiures were 10mM ethanol, 1mM NAD+, 10ug HLADH In - 50mM TES
bufer, pH 7. HLADH were stmulated at 10V in 1% CMC(l) without CMC, (@). The
activity was determned at 340nm.

2040TCY o] 2%ol4 H7|A=0] &
= gdge 8 2, 2501 28 48
(Fig. 6). 20CollAl= Bl A QHF=E AT
A RS ZABKICE 45TolA= 10V, 10
W §4 E85%e 80% ZASKErt E£3 o &2
trehalose= G4E AZIAISSEREH FF 3} AlZTh
259 BAG0] GAE AVASLERE M7= GHE
Holrt (Fig. 7).
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Fig. 6. Effect of temperature on stablity of HLADH under electric
stimulation  Electropulse is single pulse repeating type
(PD=Pl=1sec} and maintains for 10min. Final concentrations of enzyme
reaction mixiures were 10mM ethanol, 1mM NAD+, 10ug enzyme in 50mM TES buffer,
pH 70, HLADH were stimulated at 10V at temperature 20°C(4p), 30°C(ME) and 40°C(A).
The activity was determined at 340nm.
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Fig. 7. Effect of trehalose on stability of HLADH under electric
stimulation  Electropulse is  single pulse repeating type
(PD=Pl=1sec}) and maintains for 10minutes. Final concertrations of
enzyme reaction mixtures were 10mM ethanol, 1mM NAD+, 10ug enzyme in 50mM TES
buffer, pH 70. HLADH were stimulated at 10V in the presence of 10% trehalose(ll
without (A, The activity was determined at 340nm.
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