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SUMMARY

Drosophila melanogaster Oregon-R had been bred in a large qua-
ntity and the crude alcohol dehydrogenase (ADH) obtained was puri-
fied and the activity of the enzyme was measured, analyzed and its
patterns were examined.

The results obtained are presented below:

1. Through this experiment, it was found that the specific activity
of ADH of the D.melanogaster is about more than five times
as strong as that of the D. melanogaster Samarkands which
was found by Jacobson et al. in 1970.

2. It was learned that the ADH isozyme patterns of this strain
was found to be ADH, and ADH, in the fast form and ADH, in
the slow form.

3. It was learned that, ADH,, ADH.,, and ADH;A are found as the
ADH patterns of crude enzyme, and that ADH,, ADH;A, and
ADH.B as the ADH patterns of the purified enzyme.

4, After the isolation and purification of ADH;A and ADH, isoz-
ymes, specfic activity of ADH A was found to be 4, 330 (units/mg)
and that of ADH, to be 3,670 (units/mg), and the exact position
of their zymogram on the 7% acrylamide disc gel was disting-
uished.
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Markerts} Moller (1939)7} isozymes] #1454 #4kgr ole] BHELE, EEE 29z
EAR S o S dolA o] sbele] RS o MES EiEsiA AEE
2% Johnsons} Denniston (1964)-& Drosophila melenogastere] alcohol dehydroge-
nase (ADH) isozyme2| & FskEi&-e HIRSF strain vpe} 22 cl2rlz 83 sk ).

Grell ez al. (1968)2 D. melanogasters 4 fast formst slow forme = FE3 =
2fafHe] ADH isozyme$& #aldlz o] & 2 isozymed- controldhs Sxial=bE A 2.9
AF kel dS Ba sty

Jacobson (1968)z} Jacobson er al. (1970)& D. melanogaster®) ADH isozyme<
HE RSk ol &4 Bl isozyme A interconversions] FsIA Bige #Es)
o= Lakovaaragl Saura(1970)= D. subobscura, D. pseudoobscura 3 D. simulans
% 8fEsd A %% ADHe multiple forme Z@tsisEslg o},

£zl bl 4 & Chungst Lee (1972)7F #@E D. melanogasterS Fpy 188 5l
A #AF skl cellulose acetate stripg o] £5te] =+zto] isozymex o] &8¢ SEErkE)iE sk
iGte R E Ersld ek, 2% Chung (1973)-& #BEEE D. melanogaster 4 strain
starch gel BAKEE . 2 ADH isozymes Wl =9 44, QM3 E, oS5 HE 5
atgF vF gl ow, Chungs}t Oh (1974)% 618 ikl A HEI BEEe] D. melanogaster
2] ADH isozymee] EAIkENE & acrylamide disc geld o) &shed HesisEar wk 2l
cl.

mxg+ Chung (1977 a)& $3BE D. melanogasters] ADHQ =189 454E FHEs)
Yl 13734 (BFAF 124] B3 55 ok3 gl Oregon-R)2] ADH»| nl3le agarose
gel BRykEhko 2 HEO9 o).

ADH isozyme LIsfol = &=}e] o] isozymes| 33 #Hgew of e 245 vlstd Pizcar
ub o]t} (iscamylse: Chung. 1975 b, 1976, Chung and Park 1974, 1977, esterasc:
Chung 1975, a-glycerophosphate dehydrogenase: Chung 1977h). £iFs% ADH
isozyme®] FjJJEREY WFE7E Bl xAse] A8 EHEHEEH o % isozymes] 4p
4 peptides] &S sl el

%, Wolfe ez al. (1977)5+ Dworschacke} Plapp (1977)& 2o] Kt ADHel pH
of w2 EExr SRSt SRSt BBy BEE, Lastorfel Megnet (1968) =
Saccharomyces cerevisiae?] ADH isozyme2] 38R iEik-S-, Schimpfessel (1968)-2
e Frx ey 2(He ADH &} =4+ abs§4), Tassinz} Vandecasteele (19
72)€ Pseudomonas aeroginosa] 7} Z&#]E s+2 ADH isozymes] 7p#Es} #iiho- 22+
el o sleh

)3 Valleest Hoch (1955)%F & wo] ADHof lshed o Z4ul glvb. & Biee
D. melanogaster?] Dregon-R Al§& KB B oL HBHEE RS ohg ol
#eted ADH isozymes] iEHES HEsHe 5 isozyme patterng 747 txitslqvh.
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WERME R FHE

z3)e] : D. melanogaster?) Oregon-R straing FUEL PR EEE PR
wreasE AL kB Agetd 4d Az2 AgEgsh AgEe 25°Cx1CE #4
g ow AeE BURS BRGNS R HAskd —-30~—35C2  ZunEAIAL
wiae] Beol EmREAA RESH

ADH isczymes] SrEERES : ik 1— zaleliE 60g (body weight)s] 5mM K.HP-
0, 180 mi{ & mw}O% tuke and pestle homoginizer 2 =pa g+ t}-g& 27,000 gell 4 w&ols
SEEsle Qo shAAe) L% 180mie] 0~60% ammonium sulfate g (NH.OH
= pH8.0) 180 m/% Y= 3087 =ik bl EFAAF 13,0600 gel 4] 305 Fak
Asz) sl SR AAEe] 5mM KHPO, 51 miE fnsted Holx, 5mM KHPO,ef
24 o] AR ThoS 30,000xgel A AAEE e AR AA S

o] B4 5mM K.HPO,Z 533 8% Sepadex G-25 celumn (2.2x30cm)«] F3
A& 1.8 miA8 fracticn colectord]4] Hded AR 55 mis Egkrh o 7]
DEAE-cellulese (0. 84 meq/gm)»« A7 ke AAE mukska A slurry el 2 B35}
o, o) AL A B A o] AR S HElste] B & EiEs AL 200
mlE dgrk. o] AL hydloxylapatlte column (210 cm)si] 247 oh& A LN
0.12 M K,HPO.9+ 0.5 M K,HPO, & A}-83te linear gradiant® A st vt Effluent
volume? 7o) 2854 (F'-fraction) 120 mie] 4, FH FIZFLH(F-frac-
tion)-2 400~420 miell 4| 22+ QA gleh. Hik 2—Fube] o) wl 320 gefl .03 M Tris buf-
fer (pH 9.0) 1,500 m/& fndte] 5°Ceital FA 3} A7 F 16473 makgr ob-& 15, 000<g
o)A 458 Zob YAl Re|sle] LW 1, 320miE fdx o 7]l n-butyl alcohol 70 miE-
20870l RAA TASAA AAd AL IR 2,000xg A 142 542 o
o n-butyl alccholsh A AEE AAF vhg Hdks +84F 0.03 M Tris butter (pH
9.0)= 164] 7k 33 wr¥s]14 F435le] detgle n-butyl "lcoholﬁ— A3 A A s ot
2455 e o 1,500 mio) $8oL 40% 3} At E gl o2 g F geie] pH
2 otm jols=m pH 7.57 5|28 24 vhg 1,500<gelA A& 1-}04 SEER L
e b 70% 23 A EEEd o =kE vhg 2 Jjkoe 2 pHT.52 sl v}
A 15,000<gel A A4 Eej sl AL AASGT aLAAER T n~l°1 0.03M Tris
buffer (pH 9.C)» 284 Zch. o] B¥EZS 0.03 M Tris buffer (pH 9.0)= & 3 4
71 DEAE-cellulose column (2.5x30 cm)eil 24121 & =248 0.03 M Tris buffer
s} 0.12 M Tris buffer® A}-88le] linear gradient2 "AA#A effluen volume 50~
200 mi-g gk o] &AE 0.013 M potassium phosphate (pH 7.3)=2 =3 24|
hydroxylapatite column (2310 cm)sil v}A] B3}A# effluent volume 64~100 m/s|
A Ji-fraction, effluent volume 120~144 mls 4 J*-fractiong 3 g .
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ADH isozyme &4 kE) : Ornstein and Davis (1939) 5+ 21§ acrylamide disc
gel Baki#s 24 g o, tuber o] Smm, Aozt 85 mmel Fe g A&}
=, o] tubed] 7% acrylamide gel& 1.4ml @& % 5EE g 2R FHTF

2 T
EEAA FDE A 00M HESARGD. Bl Ex geld EE] SFFE A
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A2 BIR BrFEAZ o} BEEE 2, 0.05 M glycine buffer (pH 9.5) 1, & 5% sucrose
lo] ERE BET Al5dE ubEe] 2% 0.2 mig 3l ARZo 2 a4 A3 9
o Tris glycine bufferZ FiEA)7 ¥ L FpkEhiEe] £4 Tris glycine buffer (pH 9.5)
250 miE Fo] 5°Co4] tubei 3mAR 3R BRKES AAdddct. kel E gel
2 ADH staining solutione 2 25°Ce} 3-&7]ol4 1087 HufmA 7l F Egstgd el

ADHe] FHEHIE : 2484 FH2AL BREE =& RERS #HEZ BERe] He
w4 NAD (1.9 mM), Sechutylalcohol (0.13 M), glycine buffer (0.1 M, pH
9.5)¢} BFE T YN ImiE AgdkgEh weld 54 18E 38SE 25C &
% 280 nmofl 4 14-% 0.001e] MEXFEe] BHLE Fv F40 o F4 g o+
A+43F recording spectrometer+= Beckman model 256BE  A}-&3be] ofF 287 w53
EHS Aestder. 49 4#2 fraction colector MRK Type 4& o1& s}gich

HEEY EEF o4 SEE S8 EERPd wEk EOE £2& Layne
(1950)¢] J#ke«l] wlel4 spectrometric A3}l turbidimetricf ko 2 dlg o o EHE
H 4 polyacrylamide gel electrophoresisigel] we} g2 48k

& R

1 B sk

Jigk le) 43 REEHESETES) ADHiEd: @ HEEES) HiGtk-& Table 13k o] 1,480
(unit/mg protein)e]gl 3, Sepadex G-25 column-g- 53 #HHi3 4% 531002
o] ¢ 3.6w, DEAE-celluloses &3 A T4+ 20,0000 2 oF 13,58 ¢ oo

Table 1. Purification of D. melanogaster Qregon-R alcohol dehydrogenase.

Total Total Spe.cific Reco-
activity protein act%vty very
Solution. (10° units) (g) (umts./mg (%)
protein)

“Homogenate
(27,000<g 3.15 2.13 1,480 100
supernatant)
0~609% (NH,). i
o it 3.06 0.92 3,330 97

ﬁ]’)ialysis (bmM
R0 1.83 0.64 2,860 58
Eluted on
Sepadex G-25 1.54 0.29 5,310 49
DE AE-cellulose. 1.50 0. 075 20,000 48
Elutel(_iI \}\Ii)t(‘)l 0.
12M on 5
hydroxzylap:;tite 0.4 0.018 22,200 12.7
column
Eluted with
0.5 M phosphate 0.32 0.012 26,700 10

buffer on hydr-
__oxylapatite
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hydroxylapatite® %3 A FA &L (Fig. 1) 3 F,-fraction 490 22,0000 2
A <k 159, F,fraction &
&efo] 26,7000 24 o 18]
ol f"f“““"" 2 A <Al7E Y] et
< EESE 240 3AEL
2] recovery= F'-fractiono]
12.7%, F,- fractione] 10%¢]
" 0.3M ghesphate buffer ST R=

l Tk K3 KEER TEEW

240 F? - fraction 2] ADH j&#: : DEAE-cellul-
ose¥ &3 A3 ADHe i
j&M:-2 Table 29} Fig 2,33
L 7ol 1,830 (units/mg)=4]
| L% E#e L& Jehglz,
g AN hydroxylapatiteg &3 3
e %}%—leﬁ:“; Lo g J'-fractions] Fayel i

1
10 200 4 50 . .
Voleme (ml Ee ok 4.3w, J*fraction

Fig. 1. ghgomatfgraphy of alcohol dehydrgenase on o HEEe 3= FF
ydroxylapatite 3 s
’(Ii‘he ei;zgme was 1dissolv('§d iln 5rr;MfKﬁH§’O‘ MRS Rt A o
and appiied to a column X10cm) of hydrox- Lkl & A2 ;
vlapatite at 4°C. Eluted with 0.12 M potassium ERAEh @Al &9 recovery
phosphate (pH.7.0), and collected F'-fraction 3+ J'fractiono] 11%, J*-fr-

then continuously collected F2-fraction by linear R
gradient from 0.12 to 0.5M phosphate buffer. actione] 4.89%¢] gl c}.

Hydroxylapatite column size:2 X 10cm

30-

204

«—— 0.12M K,HPO,

+— « ADH(x 10 Units/ml}
o-—0 Protein(AZ80}

g

0

Table 2. Purification of D. melanogaster Oregon-R alcohol dehydrogenase.

Total Total Specific

o Recovery
. activity protein activity

Solution (10° units) () (units/mg) (%)

Homogenate

(10,000 g supe- 2.28 2.98 1,000 100

rnatant)

%;}gécc’;p‘i‘t"a;e 1.38 1.20 1,150 60.5
Fluted on DEAE- 0.42 0.23 1,830 18.4
I}Xj‘frr‘;’é{i%‘r{’aﬁt& 0.26 0.06 4,330 11.4

hydroxylapatite 0.11 0.03 3,670 4.8

J2fraction
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Fig. 2. Chromatography of alcohol dehydrogenase on DEAE-

cellulose.

The enzyme had been fractionated by (NH,).SO, (me-
thod 2) and dialyzed against 0.03 M Tris-chloride, pH 9. 0.
The enzyme was adsorbed to a column (2.5x30cm)

of DEAE-cellulose,
ide, pH 9.0 and

equilibrated with 0.03 M Tris-chlor-
eluted gradient (1.2 liters of 0.03 M

Tris-chloride, and 1.2 liters of 0.12M Tris-chloride, both

at pH 9.0) at a flow rate of 1.4 m/ per. min.
Bydroxylapatite Column sz Llen
o —-e ADYH
o——0 [Praren

J' -fraction

9
;
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| | !

e—— ADH {I'mts;mli = 1i®

2
I

S

OO o—0- 2 o

Vol. 22, No. 2

2. ADH isozyme

pattern
FHik Lol ksl FEH
2 ADH¢] isozyme

pattern: BEEE
gisle @A AD

H isozymes] ®Eif
BiRE wERsHs At
o Zsbz] 20fERE-

0.05M glycine buf-
fer (pH 9.5) 1mis}
5% sucrose 1 mlE
st BHHELAZ 2
L AnEo g FiR4
A BRKEAZ 23
Fig. 48} #o] fast
form ADH,, % AD
H. ¢} slow form AD
H;A¢ zymogramo]
ebtet.

g HEEE e ADH

M2
¢

sim Pheaphaie

=0,02-0.2

AL

EFFLL

TENT VOLUNTE

Fig. 3.

T
300
iml:

Chromatography of ADH on hydroxylapatite. ADH from DEAE-cellulose

chromatography in Fig. 2 was dialyzed against 0.01 M potassium phosphate,
pH 7.5 and adsorbed to a column (2X10) of hydroxylapatite equilibrated at
0.013 M potassium phosphate, pP 7.5. Protein was eluted with 400 m/ of 0.013

M potassium phosphate, pH 7.5 and the

enzyme

was eluted with a linear

gradient (250 m! of 0.013 M potassium phosphate, pH 7.5 and 250 m{ of 0. 12
m potassium phosphate,pH 7.5) at a flow rate of 20 m{ per hour.
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isozyme zymogramz EfRE patterng Fig. 5-ast ze] ADH,, ADH., ADH:A =
z|= ADH;:B7} }elytrh. Sepadex G-25 3 DEAE-cellulose® 53 A A7 &44
isozyme pattern® ADH,, ADH;A =3 ADH.B»} elyte= hydroxylapatiteg
B3 FA g Jfraction @ J*-fractiond] s =5 ADH;A9} ADH;:Brle] Jebylct

Hik 29 (3] ¥E5R ADHe| isozyme pattern: HAEfESt Z g aetz gl AAA
71 ADH%E butyl alcohold &5st gle] isozyme patterng] Hufho] /RuJHESIG cf.
2]t butyl alccholg- B3 DEAE-cellulose column ¥ hydroxylapatite® %314 =
% J* 2 Jefractione] ZARe] ADH isozyme patterng =7+ Fig. 63 e},

DEAE-cellulose® E3-3# g+ &4+ ADH,, ADH:A ze] 3z ADH.B7} #%38= o
oo hydroxylapatited %a3 =g J-fractione] 4 & ADH'A, J*-fractione 4] AD
H.¢] isozymenke] #Z=) ol vf.

7 ®

B ik 1ol K D. melanogaster Oregon-Re] ADH HEEZKe) LB
ADHEzF ) fLifthS Mgk 45 Sepadex G-252 HAlgl &4+ 3.6wf DEAE-cellu-
lose A8 FAE 13.6w, hydroxylapatitez gz - fract1onoﬂ A= 158, ¥

= F*fractionel A& 180} £ ASE A4*h

o] A& Jacobson et al. (1970)¢) D. melanogaster Samarkands® 4 &3+ ADH tri%
phe 27k Sepadex G-2524 1.3w) DEAE-cellulose24 4.6¥] 3 hydroxylapatitez
A AR TLeA 189k 3.3 E Q-2 g3 f#rge Oregon-Re] ADHiE#:-2 Sa-
markandse] iHikel feal A Fdh

gEse v 2o (kg MG MIEFE Rt DEAE-cellulosez Ay &4t 1.8,
hydroxylapatite2 F~ = &AZF J'-fractione] 4.34, J*fractione] 3.7#) 2] HEH:E
¥drh. 2]y} Jacobson er al. (1970)0] EEHRF MREEvhe W EEE ek ek

%+ Jacobson et al.-& Jjik 2o {k3te D. melanogaster Samarkandss] ADHE
DEAE-cellulose columne] &3+:]# ADH;A¢} ADH:B isozyme& 5B ¥Eistg o,
A& Byl 4 = DEAE-celluloses| 4 ] ADH isozymes] ZBEfEIE RiTfEsR on, o

A4 Q& mAHL hydroxylapatitez FoEste] 2f@¢] fraction (J', J)o 2 4Bt
#m2m ADH, @ ADH,AE Mt RS & qlglcl. webA] D. melanogaster Oregon-Re]
ADHiEM:-S JER & % isozymed ADH,3+ ADH:z}ta A 8= vk

Oregon-R¢] ADH isozyme patterng #E#%e|4 & Fig. 484 7] ADH,, ADH, %
ADH:A¢] isozymeo] A&=¢lct. o] A& Ursprungst Leone (1965)¢] D. melano-
gaster Oregon R-chell 4, Grell ez al. (1968)¢] D. melanogaster2] & o 2] A 5-& 4|
=2 3o 5% acrylamide plate gel & o] &3t BT ADH isozyme patternz} Mg
=) thzte] ADH,5 ADH,7} A&s9x 94872 94 ADH7b Z4 gstew, ADH,
o] ZhA Ro e Aot & AgelAE ADHE Hals o th 8 24] 5o 4

= ADH,7} 1}ebyteh (Grell ez al., 1968, Ursprung and Leone, 1965). £ & ¢4 FA| 51
ADH isozyme patterng ADH, ADH;A 3 ADH,Bz v}e} vl Grell er al. (1968)
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3 Jacoson et al. (1970)¢] D. meanogaster Canton-S$}+ D. melanogaster Samar-
kandso| A ¥#15+ ADH isozymes2] pattern$ ADH,-571x =% Jehd A4 HEd
] & BBol4 ALL3F D. melanogaster Oregon-R& ADH isozyme patterne] o] &
X2} ghsslgd ek, ma MEEEA A 4#Es ADH isozyme patterne ADH, ADH, =
2] 3. ADHs;A¢14l v, FA F4d4 L o37ke] ADH,, ADH,A =&z ADH.B7} vehd

Heow Bol FA A F+] ADH,7} ADH,B isozymeo & conversion® ZAolzla 45
=l

# ®

Drosophila melanogaster Oregen-R-& KEfIE 5+ alcohol dehydrogenase® ¥&El
ke 2 jEMS HIFESE 5] alcohol dehydrogenases] isozyme patterng- Z-#rgl #5
Footel o e Eohx A4S Al

1. B 488 T34 Drosophila melanogaster Oregon-Re] alcohol dehydrogenase:
o] tLiEME-o Jacobson et al. (1970)¢) #1435t ul 9l D. melanogaster Samarkandse]
el thske] oF Suf ojake] HEME-E b S mEZEMY o

2. o] strain?] ADH isozyme patterne fast formel ADH, ADH, =gz slow
formel ADH4l¢ or#] =9t

3. HiEE#E A9 ADH isozyme pattern ADH, ADH, =33z ADH;A7} JElygde
o], AA Z& A+ ADH,, ADH,A & ADH,B7} Jhelylcl.

4. ADH;A¢} ADH, isozymed 438 ¥55l3r 455 ADH;Ae] HiEike 4,330 units/
mgol gz, ADH.®] HiE#-2 3,670 units/mgel & <A s gon, o] AL 7% acryla-
mide disc geld] EEkEISIY zymograme] wES &5 =45ty
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Fig. 4. Electrophoresis of alcohol

dehydrogenase on crude
enzyme,
Electrophoresis was carried
out in disc polyacrylamide
gel (7%) and tris-glycine
buffer at 3mA per gel for
3hr.

D e}
(d) (e)

Fig. 5. Electrophoresis of alcohol dehydrogenase purified by method 1.
a. supernatant of homogenate, b. ADH from cepadex G-25 (D-sol.), c. ADH from
DEAE-cellulose (E-sol.), d. The F'-solution and e. The Fz-solution from hydroxyla-
patite were subjected to electrophoresis on polyacrylamide (7%) in tris-glycine
buffer. pH 8.5
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Fig. 6. Electrophoresis of alcohol dehydrogenase purified by method 2.
a. The peak from DEAE-cellulose, b. The first peak from hydroxylapatite and c.

The second peak from hydroxylapatite were subjected to electrophoresis on poly-

acrycrylamide (7%) in tris-glycine buffer (pH. 8.5).
The enzyme was located by tetrazolium reduction.
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