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The Characteristics of [269S and 1224S Double
Mutant Horse Liver Alcohol Dehydrogenase
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Abstract—[le-224 in 1269S mutant horse liver alcohol dehydrogenase isoenzyme S (HLADH-S) was mu-
tated to serine by site-directed mutagenesis in order to study the role of the residue in coenzyme bind~
ing to the enzyme. The specific activity of the 1269S & [224S mutant enzyme to ethanol was increased 6-
fold and all Michaelis constants(K., Ks, K, and K;) were larger than those for the wild-type and 1269S
enzyme. The substitution decreased the affinity to coenzymes and increased the specific activity of the
enzyme. The mutant enzyme showed the highest catalytic efficiency for octanol among the primary al-
cohols. But it didn't have activities on retinoids and 58-cholanic acid-3-one. From these results, it was
confirmed that the hydrophobic interaction of lle-224 residue with coenzyme was related to coenzyme
affinity in ADH reaction. The substitution also affected the substrate affinities to the enzyme.

Keywords [ ] 12695 & 1224S, double mutant, HLADH isoenzyme S.
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BFE - YA Eo|H o9} DNA 97148 A4 & 4
3 template DNAZ <71 93 pBPP/1269S
HLADH-S phagemid® A4+ E. coli XL1-Blue
g, ¥oj® 'S¥ HLADH #AAE 23 717] A
3 <52 E cooli XL1-Blue competent cell(Stra-
tagene) & AHE-3 T}
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HLADH:= Zt7te] Eekam=8 AU E. coli XL1-
BlueE W3t} 2], AAjstd ARSIt &4 &
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= NAD' free acid(Grade III, Sigma Chemical
Co.)®} NADH(Grade III, Sigma Chemical Co.)&
A3

B{X] - Double-stranded template DNAE 7]
15 230l A pBPP/1269S HLADH-S phagemid&
AYE E. coli XL1-Blue®) Hi%fols 4543100
ng/mi HESAOIFA125 pg/mh)E EH3=
LB#iA(1.0% tryptone, 0.5% yeast extract, 0.5%
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9] Chameleon™ Double-Stranded Site-Directed
Mutagenesis Kit&, DNA 9714¢€ ZAd+= USB
Sequenase System® A&t DEAE-Sep-
harose CL-6B, S-Sepharose Fast Flow$} Sep-
hadex G-50, SDS-PAGEdl AHgd EF oz
size markert Sigma Chemical Co. HE&, @92
ool ARES Tl APLBL Bio-Rad(Brad-
ford reagent) A& AH&slT 71 EAE AR 95%
&L (Ducksan Pharmaceutical Co.)3 oHHEY
tlslol = (Fluka), 71t €32 &4 7| (EH EE 189)
& AHEAol SF38te AH8-EHel Tt 5B-Androstane-3,
17-dione& Steraloids INC., 71§} 28 ZEo]=4] 7}
7} #Eol= 714 L Sigma Chemical Co. AIFE
AHEEEer. f£49 SEAEA IPTGY &L
NAD"9} NADH, 713 #AHIQ] 2.2, 2-trifluoroe-
thanol(TFE) %A} Sigma Chemical Co. A&& A
231tk 71" A2 heptafluorobutanol(HFB)
& Aldrich#1%& AH3l4ich. DNA 97148 24&
918 0-*S-dATPE Amersham®l Redivue® #1%-2
st om 7)el Aol ALES BE AlkE EF &
=18 AFEE A3
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HLADH7} 28=]0] 9= E. coli XL1-Blue A2 9}
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23tz Y= 3mi LBuiXel HFatA 37°C, 240
rpmolA 3ER vkt AL wjgdE Plasmid
mini boiling prep. #WHEE AANF2EZH double-
strand template DNAE #&] AABcE doizl
DNAE 0.8% agarose gel’dollA A7|gEAA A
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double-stranded DNAE )8t dideoxy chain
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2 ¥¥8= E coli XL1-Blue® A5A21(100 pg/
ml) 7 BlEZAte]E8(12.5 ug/mN & T3 YUe
50mi LBuiAo] HEste] FwiH37°C, 210 rpm.
15A170) 3k, vide 36 miE WA (100 pg/mh)&
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e} 12% SDS-PAGEE 2 A8ttt
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2% o Ao o) a4 BAE ARKIGLH: B4 B
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A 71A e &S F7HA717] AdHA 0.3% AL
& A7tk AHREl9 e 0.2 mM NADHS &4 &
oA 25°CellM 27] Hh-E£EE Z48 T K, Vi
KnZ 73h5Th.

HE'-OI=O0ll T §4 &5'°1 7| BIBEE HTP

All-trans-retinol, all-trans-retinaloll T3 o] &
28] 4L 0.1M sodium phosphate, 40 mM so-
dium chloride, 0.02% Tween 802 ¥3§l3l= g5
(pH 7.5)9 5 4% NAD" (4 mM) == NADH(0.77
mM)E F713Ea 25°CollA A4 = gA4sE dEd
off ©3 400 nmoll X8} FFE W3E AP ZM 2
7] AR E 2R3N} £ PElde] g9 Ao
A& 1mm path length®] cuvette® AHE-3IFT 2
7l & Ay AREZNEH K, Vi Vil Kos
T3l ofd FA 126959 AAo} vl maEtgiT)

da o g

12698 'S'8 HLADH R{EXI2| 2{X| MO[H 0| -
o]& AA]& DNAE E. coli X1.1-Blueol 83 AFAIA
HZHo=z FAgdE 209719 JHFSZHE double-
stranded pBPP/HLADH-S& ¥&l3l9 Sanger<
dideoxy chain termination ¥ 22 DNA €7 Mg
£ AR3AE 1 224 0] AFA FE(ATC)o] Ao
Aeste FE(AGC)eE Wily AL Fdlgey
2699 ZE0] AEY % BA1at = gIATHFig. 1).

12695

1269S &

Fig. 1— Confirmation of site-directed mutagenesis in
HILADH-S gene at the site 269 and 224 residue
from isoleucine (ATT and ATC) to serine (AGT
and AGC).

‘S'Y HLADH &4-0| #2| U HM - AXF:3dx
A, 12 DEAE-Sepharose. S-Sepharose, Sepha-

Table I— Purification table of wild-type (1269) and mutant (1269S and 1269S & 1224S) HLADH-S proteins

. . Type of Yield Purification Total Total
Purification Step Enzyme U/ml mg/ml U/mg (%) Fold Units mg
Protamine Sulfate 1269 0.56 14.3 0.039 100 1 336 858

12695 37.8 14.3 0.265 100 1 2268 858
2698 & 1224S 4.34 17.5 0.248 100 1 225.7 910
DEAE-Sepharose 1269 0.41 2.80 0.14 84.4 3.6 28.35 196
1269S 245 1.83 13.4 81.0 51 1838 137.3
1269S & 1224S 2.41 2.80 0.861 91.8 3.5 207.3 240.8
S-Sepharose 1269 0.11 0.11 0.96 39.3 24.6 13.2 13.2
1269S 95 0.18 52.5 419 19.8 950 18.0
1269S & 1224S 0.87 0.104 8.37 46.2 33.5 104.3 12.5
Sephadex G-50 1269 0.31 0.32 0.96 28.6 24.6 9.61 9.92
1269S 47 0.85 58.8 36.3 22.2 823 14.88
1269S & 12248 1.86 0.288 6.46 30.5 26.0 68.8 10.7
DEAE-Sepharose 1269 0.16 0.12 1.36 27.6 349 9.28 6.96
1269S 29.3 0.44 66.6 33.2 25.1 753 11.31
1269S & 12248 1.01 0.126 8.02 31.8 32.3 71.7 8.9
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dex G-50, 22 DEAE-Sepharose column chro~ nover numbers= P E FAof vlele] 1 587} St
matographyE %3te] 4 whld g QA3 dxe SR}, 12698 Wo] ArHrh= 0.3842 24U
Table I3} Zotch, 1269S & 1224S Wo] g49f 7+ £l S&7 E¥e T 744 0|4 &9 chimeric mu-

A Aol o] A Yo} 8L of¥Y F 4ot ] tant3! E/D115A, ESE, ESS, S/K366E o] & 4of
w3l Ao ARSI e B SN ol ohsh ARH ol i@, B oo} Aot A9 o2
24 A 2dslolx Y v8ALE oY B4vt 1.36 ol BARUE Awkgol tig gt A3 1
U/mg, 12698 #o] A4¥E 66.6 U/mgE Jebd b, A 7P fAMeE W] gat ESEEA EY
12695 & 1224S Wo] A4+ 8.0 U/mg= oHE 84 HLADHS®] 3747h9] opn|:=At VIS FollA 80~
o vjsldE 6uk FUIEId ot 1269800 vistd= o 1189 o)At 718 'S Aoz X33 chim-
8eiAd = o] ZAaHIArh eric enzyme 2 24] 7143} NADH ti# K39l &

x7| 42 /T HF -~ Table 1[04 2= ule} 2ol 7} AE7} 12698 & 12248 B}l Ak NAD "o tidt
12698 & 12248 Wo] A9 K, gt NAD", dl&tg,  K.@4t9 93yl ESEY A% Eda 2 o7t gl
ol EYHIslo)|=, NADH th3f 12698 He] g49} U 12698 & 1224S¢] A4 EE vl 444ui71# 5
v)lwabd k2t 2.3, 3.9, 0.6, 7.2407F, obAE A9} 7Tt A% E¥a S¥e Mz Aolgt ofn| At
v watH 157, 248, 12, 77} S7HEIAT o]28H A 27191 94, 101, 110, 175 7R o)= 26947 224
WS- (ol H&9] 4kgh) o] Gubs- (P ELHdlol =g 3 o] o]4F4le] NAD o thidt 2glAel glojA $a8
AR F FFgE T2 AS & 5 AR cFEe AgE 3l 8 /58 5 ot £ HLADHE
o3k turnover numberi= oFAE Ao w3 52007} tt &% ADH® turnover number’} Aukg3} out
St o 12698 Wo] &Aool vlsiAE 0.68u2 oA Z+Zr 46ul, 164) o & AL a0 tig K,
ofzte} 742 E BYTh ot EYHE = i tur- gol &% ADHoIA ¥4 2 a4 Aad Az A

Table II — Kinetic constants for the wild-type and the mutant (I1269S and 1269S & 1224S) horse liver alcohol dehy-
drogenase. Kinetic constants were determined in initial velocity and product inhibition studies at 25°C
in 33 mM sodium phosphate (pH 8.0) containing 0.25 mM EDTA

12698 & 12698 & 12698 &

Constants” Eb S° SCADI’If 1269S° 12698/8 12248 I2248/S 12248/12698
K., 1M 3.9 11 160 737 67 1730 157 2.3
Ky, mM 0.35 4.8 21 304 63 1190 248 3.9
K,. mM 0.40 24 0.74 468 20 280 12 0.60
Ko, uM 58 7.3 95 78 11 560 7 7.2
Kio, tM 27 62 950 126 3 3724 60 30
Kir, mM 21 74 120 638 9 227 3 0.36
Kip. mM 0.52 d 15 11 d 76.2 d 6.9
Kiq, M 0.50 15 31 29 19 429 286 15
KKK, mM 0.034 0.3 0.21 172 537 2145 715 1.2
Vi, 87 35 15 360 22 15 7.8 52 0.68
Vs, 8 47 73 1800 297 4 1114 15 0.38
VV/Ks, mM'S? 10 0.31 17 0.07 0.2 0.006 0.019 0.086
V/K,. mM?S* 120 3.0 2400 0.63 0.2 0.340 0.11 0.54

*K.. Kv. K,. and K, are the Michaelis constants for NAD", ethanol, acetaldehyde. and NADH, respectively. K;
values are product inhibition constants. V, is the turnover number for ethanol oxidation and V, is the turnover
number for acetaldehyde reduction. Kinetic constants were determined in initial velocity studies with an spec-
trophotometer (reverse reaction) or spectrofluorometer (forward reaction). In initial velocity studies, the con-
centrations of substrate and coenzyme were varied. K; values were determined from product inhibition studies
using spectrophotometer. The concentration of ethancl was fixed while the concentrations of NAD" and NADH
were varied for the inhibition studies.

*'E’ type HLADH isoenzyme data from Dworschack and Plapp (1977) %

'S type HLADH isoenzyme data from Park and Plapp (1992).” ‘Undefined.

°1269S HLADH-S mutant data from Ryu and Lee.” "Saccharomyces cerevisiae alcohol dehydrogenase data from
Gould and Plapp (1990).%'

J. Pharm. Soc. Korea
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Table III— Product and dead-end inhibition studies of mutant 1269S & [224S horse liver alcohol dehydrogenase.
Product inhibition studies were performed at 25°C in 33 mM sodium phosphate (pH 8.0) containing 0.25
mM EDTA. Dead-end inhibition studies were at 25°C in 83 mM potassium phosphate(pH 7.3) con-

taining 0.25 mM EDTA and 40 mM KCi

Substrate

. Ko K.* K v c
Fixed Varied Inhibitor oM M mM g! pattern
CHOH 2M)  NAD' (1~3mM) NADH (0~0.4 mM) 103 0.429 200 C
CHCHO (0.5M) NADH (0.1~0.5mM) NAD* (0~2.8 mM) 11 3.7 2215 C
NAD* (10mM) CH:OH (0.4~0.9mM) CH;CHO (0~50 mM) 2412 76.2 115 ¢C
NADH (1mM) CH:CHO (75~250 mM) C:HsOH(0~ 1700 mM) 530 1917 750 2014 NC
CHOH (2M)  NAD" (1~3mM) TFE? (0~75 mM) 21.1 10.0 140 UC
NAD* (10 mM)  C;HOH (600~ 1000 mM) TFE? (0~20 mM) 5500 38.7 132 C
CH:OH (2M) NAD" (1~3mM) HFB* (0~6.4 mM) 12.6 1.0 84 UC
NAD" (10 mM) _ C.;H;OH (600~ 1000 mM) HFB’ (0~400 uM) 4900 0.7 115 C

* Slope inhibition constant
® Intercept inhibition constant

¢ C, competitive inhibition: UC, uncompetitive inhibition: NC, noncompetitive inhibition

¢ Trifluoroethanol
* Heptafluorobutanol

Ztele g 12698 & 122459 v|@4 2 turnover
number?] Z7tE FEAe] £3 9 ol # Ao
£T W) ST FIE X)) gEOE A
gl 1=

HIS MAEO| 2Bt HEj HP - Wo] T4 g
714-& ZAVE] 18t oleh-g 3} of | E | Elo] =
g AAZ o3 A AFE HAF Aol
12698 & 12248 W¥o] a4+ FH A} ol ELH|S)o)
zof giztede B A, g2l tislde= 773
A8 AHa f¥8E UENAHTable D). S¥<9
HLADHS®| 4tg 7149 t]dlede MZ o2 2714 &
77} &9 Dworschack¥ Plapp(1977)& w-8- A}
gl o Ms) A7 A3} Ordered Bi Bi 71d% 2
2 Ryzewski®} Pietruszko(1980)2 ®lti3Ad-wt
%< random 7]A, HRF8-2 compulsory ordered
bi bi-3Hg 714* g Holx Ao wmstu rh
E A% 9] A= Parkd Plapp(1992)9] B.119] ofA)
d g4 33 29 onF 12698 Wo] TAMe}
uhx7bRl 2 12698 & 1224S 4% Ordered Bi Bi %t
& 710 olale] ahgahz o2 AES U 4 UK
o} ojate] Anz RE 12698 & 12248 o] FA9]
turnover number®l] SlAAM e F7te a4 B
ZE 4 Bl g st e) gdaol 7dEs & &
jiei=y

J1A FAIHO 2i8t Mafl 97 - TFE# HFBE A
48 71E KAl & A3 d¥e doE Table
11134} 2teh 2747 713 §AR 2% 284 NAD 9
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et v AR HAREE, 712 ALl s
= 244 As #3< Jehila, TFES) AHsh 4
47} HFBY A3 A5xc} 55045 & Ao ve
%ot TFE= HFBe| tgle] Wo] §47) ofd g4
Brhe Zhzh 794, 1674, 1269S We] B R 3ul,
SRR AT ol ZAHASL ¢ F AN oY
g A= 12698 & 1224S Wo] A4t oY a9
2o] Ordered Bi Bi W& 714d& wEE AAE
224 XA 2] Wo| 7} 2R A AT opz} 7]
o] AR = I 713 & L3 73 rt

U7t YT WOY CHE 71A WOl - WMo} g4 g3}
o st A7) A7t LdZEET Ato|EF R4S Wl
AgT L tig 713 SoldE& A¥e Ar= Table
et 2t 9714 47t ¢3&o] it turnover
number® °kA4E F 4ol vlete] 26~ 13u)74A] F7}
BFH L, 12698 o] Aol vjdle 2~4.58) AE=Z 7
23l K2k ok e g4 ut gul~102974%) 3
AR, 126989 A¢rthe degy Z2ge, 9
ghgof tiste] 20| E S/ ST 71EF Hol7h 7] &
g g g7k udtee i gaEit 4
B} 0 g catalytic efficiency(V, /K= 28 U7}
U0 g0l glojA] ok F4ef 1.4~23.280 T
AsheiA 12698 Wo] Bae] 49} 2tol & B}, 7]
E} Alo|E 2 84g, WAL tldle Wo) Bt
opBd &A% §AH turnover numberE XU A7t
K@t & 212} 14.84), 618% F7HE10] Vo/Ke 133
A} £ 12698 49 w3 B e V,./
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Table IV — Substrate specificities of the wild —type and the mutant horse liver alcohol dehydrogenase

V(s Ka (mM) V/Kn (mM 'S
Substrate B s mpes BRE g g ESIESE 5 s 12695 &
Ethanol 58 22 14 = 42 054 58 505 88 11 0.038 0.027 0.0049
Propanol 58 20 22 8.7 017 28 137 285 3% 072 016 0031
Butanol 49 17 28 6.2 013 026 15 13.1 39 6.5 1.8 047
Pentanol 53 13 22 6.1 0.14 0.10 1.3 2.9 37 128 17 2.10
Hexanol 3.7 0.78 21 4.7 0.056 0.07 0.59 0.89 65 120 36 5.28
Heptanol - 0.79 7.85 35 - 0.021 0.17 0.19 - 38 46 18.42
Octanol - 0.43 8.53 2.7 - 0.008 0.20 0.13 - 51 43 20.77
Nonanol - 0.20 5.53 2.5 - 0.012 0.37 0.20 - 17 15 12.50
Decanol - 0.15 3.85 1.8 - 0.012 0.92 0.21 - 33 4.18 857
Cyclohexanol - 1.19 5.45 1.6 - 467 333 69.2 - 025 016 0.023
Benzyl alcohol - 1.85 6.77 2.0 -~ 0.146 4.78 8.91 - 13 1.42 022
Retinol - 0.016 0.70 na - nd 2.52 na - nd 0.28 na
Retinal - 0.0625 1.06 na - 0.025 0.037 na - 25 29 na
5B-Cholanic acid- - 0.92 1.70 na - 0.097 0.04 na - 94 43 na
3-one
5B-Androstane- - 2.20 4.13 1.5 - 0.140 0.071 0.104 - 16 58 13.42
3,17-dione

nd: not determined, na: no activity, > 'E type HLADH data from Dworschack and Plapp (1977, S: 'S type
HLADH, 1269S: 1269S mutant HLADH-S, 1269S & 1224S: 1269S and 1224S double mutant HLADH-S

Ko/t THAE A4St d8e A7 d2E FoillA
S0l M EL Vi Kn &8 RA /M F2 712
Z A 99 ARS2RE Ut G gt
turnover number? F7b= FEA g F7kd
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& 1224S Weo] &7} 742} 1.36 U/mg. 66.6 U/mg.
8.0 U/mgol it
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2. 12698 & 12248 o] 49 K, 3-& NAD', o
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