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Substitution of Asp-223 Residue to Leu in Yeast Alcohol
Dehydrogenase and Coenzyme Specificity

Kang Man Lee* and Ji Won Ryu
College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea

Abstract—Yeast alcohol dehydrogenase (YADH) has an acidic residue that interacts with the
2'- and 3'-hydroxyl groups of the adenosine ribose of the NAD* coenzyme. The acidic residue
of Asp-223 (according to horse liver alcohol dehydrogenase amino acid sequence) is supposed
to determine the coenzyme specificity for NAD" rather than NADP*. We mutated Asp-223 to
leucine and the mutant YADH was expressed in yeast and characterized for the coenzyme specifi-
city. The turnover numbers of mutant enzyme for NAD* and ethanol were decreased 3.5- and
4.8-fold compared to wild-type enzyme, respectively. Contrastively, catalytic specificity for NADP*
was increased 13-fold. As a result, the mutant YADH also employed NADP* as a coenzyme.

Keywords [] YADHI, Asp-223, site-directed mutagenesis, Leu, coenzyme speciﬁbity.
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3 9! Vector— Template DNAZ 7] 93] M13
mpl9-YADH I virus (Dr. Bryce V. Plapp, The Uni-
versity of lowaZ €] Egut8)E, WolE 1% host
cell2+ E. coli CJ236, CSH50, XL1-Blue s, Wold
YADH I f4AE yeastell FAHEA7)7] $13F vec-
tor2 YEp13 plasmid®} host2 Saccharomyces cerevi-
siae 301-21 #2(YO2; MATa, adhl-11, adh2, leu2,
p1)E AH-3kgict. Wild-type YADH 1 #218 $i3
A= Saccharomyces cerevisiae Y24 #75 AH&-3h4
128

HiX| —M13mpl9-YADH 14 =AY+ E. coli®] ¥R
o+ YTH§=] (0.8% tryptone, 0.5% yeast extract, 0.5
% NaCl, pH 7.5)Z, YEpl13-YADH [¢& &%3k= E
coli ¥i<}oll = ampicilling 50 yg/m/EZ Z§3= LB
w]#] (1% tryptone, 0.5% yeast extract, 1% NaCl,
pH 7.5)&, DNA sequence &3l-& $]3} single-strand-
ed template DNAE 17] $1%t E. coli "ol 2
YTHi=) (1.6% tryptone, 1% yeast extract, 0.5%
NaCl, pH 7.5)& A}&3l4ic} Yeast transformants<]
AES 98 Sc-Leu A=l A] (0.72% Sc-Leu powder,
2% glucose, 0.002% tryptophane, 0.0072% DL-threo-
nine)$} antimycin A7} 1 pg/m! 5% YPDwi=] (1%
yeast extract, 2% peptone, 2% glucose)E A3}
t}. YADH #3218 4% $vllokdl Sc-Leud]#x| & £
vifell= YPDuiAIE Al4-3}5ich

Alef 3 Zj7t—Mutationg& $)3§} oligonucleotide
20-mer TG/GGT/ATT/TTG/GGT/GGT/GAA: &=
G 7|2t TAQANE S ), 4, A
3led AR2-319]L, T4 DNA ligase, Klenow DNA poly-
merase, restriction enzyme Sphl, EcoRI2 Pharma-
cia Al¥-8, DNA sequencing kit2- USB Sequenase
system& AM8-3lgtl. DEAE-Sepharose CL-6B%}
Octyl-Sepharose CL-4B+ Pharmacia, SDS-PAGE]]
AH43t standard protein marker, EAYA 2A ol
A3l B2 F 4 NAD* free acid (Grade III), £%
23 979 A3 NAD' lithium salt®} NADP*
sodium salt¥ Sigma A& AHg-3bgic}. 7|4 95%
o|gt-& (Ducksan Pharmaceutical Co)& 2§35}
AHEElgich. EA8A] 24l Varian Cary 210C
spectrophotometerg ©]-8-3}% 340 nmolA &) F4x

WHIs 2PN A FAFC

YADH 1 gene? $IxX|S0|X t10/2} Yeastofj2|
HAM#—Two primerg o] 43 $x] 503 Hel&
Ar)slger? wolo] 2}4-%  single-stranded M13
DNAE uracil® X3sh= DNAR E. coli CJ2364)
ADH 1 gene-g X33dh= M13mpl9E #gAlA <
Stk Holdl 417]9 M2 Sangerd) dideoxy DNA
sequencing HPHe 2 elslgicl? WHolrl #ix
phage = E. coli XL1-Blueel| 7} A7 host cell 24-E]
double-stranded M13-YADH I DNAE -] (Plasmid
mini boiling preparation protocol; Stratagene proto-
col3 3, o5 AMFES: Sphle Asisck 1%
low melting agarose gel A+¢] 1.6kb YADH I DNA
fragment band& A2l o] Sphls} bacterial alkaline
phosphatase® 2] YEpl13 plasmid DNA¢} <12
8193, o]& E. coli XL1-Blue competent cellell 3
AR gkl o). Transformants 28] double-stranded
YEp13-YADH I DNAE ¥&}(Plasmid mini boiling
preparation protocol)3}l¢l i o1& 2+t EcoR1=} Sphl
AFaLr2 xdted agarose gel’de] bandH=HE
BFFo 2N 1.6kb ADH I insert?] &4 oRE
#alslgic}. Insert® E¥3F YEpl3 plasmidS
LiAcE o]43 uby) wa} Saccharomyces cerevi-
sige 30221 #2 (YO2)o| ¥AA#A|Z 3, transfor-
mantst LEU2 marker gene?] &E«3%& ScLeu
Adeuf 2] ol A] wlj Fste] gralgto = Al slct Sc-
Leunhx|ol| 4] A&}o] &<l transformantsi= YPD-
antimycin A plateo]4]9) A& #alslo] ADH I
geneo] expression EEXS A3 siedrt

YADHS| #2|2 Hx-¥2Hdd 58 50ml
Sc-Leu minimal mediaol| A ¥ (30C, 175 rpm, 48
A7l Aew™ 5.0)3}3L ©) & 6/ YPD mediacl A, vl
(30T, aeration, 48417} Asw=10)3} cellE Ro}
enzyme®] ¥ % Ao o]&3ldr}. Ganzhorn 5
o] yhyo| wa} YADHE #e A3t} Glass
beads & ©]-8-3F celld] 74, 0.2% protamine sulfate
€], 10-18% PEG A4, DEAE-Sepharose CL-6B
column (1.5X30cm), Octyl-Sepharose CL-4B co-
lumn (20X20cm)& 3 Eesigdz 12% SDS-
PAGE®E %53l AAA=E Falsldoh

YADH®| @853 - 5484 349 [NaP,0,-10
H,O0 19.62g, semicarbazide-HCl 0.429g, glycine
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Fig. 1—Confirmation of site-directed mutagenesis in
YADH gene at the site of 223 residue from
aspartate (GAC) to leucine (TTG).

0.746g, 95% ol%+g 17.1ml, 255 500 m/, pH 9.0]
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24 MY 10 W =¥ 5WE adder-mixerE Al4:3]
A71319-& o 340 nmellA{e] NADH Aol wh& &

F= W3E AL ELBAU/M)E [(Ady/
minX 3Au)/(6.22X A HE &x fole] Hy

m) ]l oJ&f Falgdct

SEEY 67 -7 529 BxEs NAD' =&
NADP*)®} 7]Zl(ethanol)*ll &} kinetic constantsZS
Faldc). ¥He-e 40 mM KCl& E 85 83mM po-
tassium phosphate huffer (pH 7.3) o4 30C & &
EgYst] AAEgck WS EE 4 TR 74
T BEAELA initial velocity (AAsw/min)E +
3t1 o]& HYPER FORTRAN PROGRAME o]4-3}
o] computer fittingdled Km, Vmax2 J-3tgdch,

A% A oF

YADH I gene¢] Asp-223 (GAC)®| Leu-223 (TTG)
L2 A#FU-FE DNA sequencing 2. 2 galstdc}
(Fig. 1). YEp13 plasmide)] 1.6kb ADH I geneo) =
dE ] 8188 AFAA Sphl 22419} 1.6 kb band 2]
A=t APAaA EcoRl A2l 6.0kb band®] A
Adeg galslydtlk YEpl3-YADH Io s a4
25 Saccharomyces cerevisige 302-21 #2 (YO2)=
leucine ¥) 8748 =393 YADH 1) expres-
sionell ¢]3l antimycin Aell 3 AL Jehyg
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Fig. 2—Saturation curve of NAD®*. D223 wild-type
yeast alcohol dehydrogenase(@—@), D223L
mutant yeast alcohol dehydrogenase(O-— O),
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Fig. 3—Saturation curve of NADP*. D223 wild-type
yeast alcohol dehydrogenase(@—@), D223L
mutant yeast alcohol dehydrogenase(O— Q).
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Yeast transformants¢} Y24 520l 4] expression®l
YADH I& ##lslgx 1 #4, AA A=E 12%
SDS-PAGEZ  #<18l%5& o 9% 53t
Octyl-Sepharose #33 YADH I &Xe]| »1& &
FEE S5 834 Aol AHEIHU I ol F FHEEH
A AL AmolAe] YADH 19] F3A<(1 mg/
m/=126)8" o]43}s] YADH I %¥& Azl
FA2A Z2AHAE o) 4s) BAHL ZAF specific
activity = 73k ). o] wild-type YADH I-& 425.77
U/mg€, D223L mutant YADH [-& 3.58 U/mg$ v}
efie] of 120WHe] EAdxfolE Mch

E2ld ALE o83l BEF 49} 7]AE NAD'
(Fig. 2), NADP* (Fig. 3), ethanol (Fig.4) ol i3k
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Fig. 4—Saturation curve of ethanol. D223 wild-type
yeast alcohol dehydrogenase(@—®), D223L
mutant yeast alcohol dehydrogenase(O— Q).

kg Ale Al sle] Km, Vmax 59 $583 Arg
T8t turnover numberE A4FstetKTable I).
Kmz}-& D223L enzyme2] 73-5- NAD* )| o3 304,
ofjgh-gel s 3ul7} 57181912, NADP* o) tf3) A=
20}7} 7+25)9ie}. 2 A5k wild-type YADH 12} 3%
NAD" o} ®]s] Kmgte] 808] A= 2o} NAD* o] o)
st RZFEL Fo)AUBE veh= Wi D223L
YADH 12 #¢] o7} §lo] F7H2] Mz EAE A9
53] o)g3e Ao Vel =3 pH 7.3, 500
mM ethanol, 10 mM NAD* == NADP'=E 34
ZA3k5e o D223Lo] NAD" 9| 67%4 T4<&
NADP* o4 3] ¥ wild-type& NAD* 2] 0.2%2]
#Ag vy

Asp-2230] Gly-2232.2 w5l D223G YADH 14
Aol FF Haepo B g Az}ele} x}o]= Table
[o4 B upg} 7o), Asp-223 #7]7} Leus & A
#Ee AY dycnec® A%He AS B4
NADP* o] thgt SolAe] 3.60] Ax Heix| ) wild-
type enzymeol] 8|3}l 2750u)7} ZFrtsigich o]
Ay Aze AKVE AATeEN NAD S o
BRaE4 Eolygo] NADPTE E3] o]4d F 9+
A2 i35S BT FAl 2&= ot x4t
Z 9] -Zrlet Aol ule} Kol nlNe FPo]
o2& Bo 2 9o ojelr] Asp-2230] yeast alco-
hol dehydrogenase?] B.zi A4 Eoli& ZAA=
b 8¢ 94%L e 7L olv] rad D223G

Table I—Kinetic constants of D223 wild-type, D223L
and D223G* mutant yeast alcohol dehydroge-

nase I
Kinetic * ypApH NAD* NADP* Ethanol
Constants
D223 0.30 24.50 26.50
Km(mM) D223L 9.10 12.30 78.80
D223G 18.00 20.00 190.00
D223 157.00 1.67 216.67
Visec™ D223L 45.00 2167 45.00
D223G 38.00 54.00 -
D223 523.00 0.07 8.17
VvK D223L 495 1.76 0.57
D223G 2.10 2.70 -

4Data from Fan, F. et al. (1991). In that study, V,=360,
K.=0.16 and K,=17 for wild-type YADH I were repo-
rted.

mutant enzyme® ¥ A9 D223L mutant enz-
yme2] EA402RE] Y F ) o) Asp-223
o] NAD" 9] adenine ring®} 2'-3} 3'-OH¢} 4
& AJs= ulde] NADP+¢] 2'-phosphate}2]
A AR} Ashibire) 93] NAD* — specificity &
vehiithes #ANg s F= AA2 f4E
T 9o

%=l nicotine amide mononucleotide (NMN)ei]
i3 AL 71Hste) 10mM NMN, 500 mM etha-
nol, 30C ¢} 2ANA FA-E HIsy] Hstg AY
s}l NMNell i3 &#4& & 471 gl

4 &

YADH I¢] Asp-223-% leucine 22 ${x| 50|52
WelxlzloaM YADH I9] Rzxi4 Boj4d& HAA
sh=d Asp-2230] F4%F 9¥€E & HU¥ #
glelx, D223Le] NADP*o] wig AliA 2349
Z71= & Adl7E AAE e 2 Asp-2239] carboxyl
group2}t NADP*2] 2'-phosphate groupZte] A#7]
whto] 2AEe] e Aolztz A7hgrh

Al g

B QA7E 199195 o)t st g o7
Ao g3} ojFojgen, Au] Aol A=Y
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