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Studies on the Adenosinetriphosphatase in the Mushroom (I)
— Purification and Properties of F,-ATPase

in Lentinus edodes (Berk.) Sing
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ABSTRACT: Adenosine-5'-triphosphatase(F,-ATPase) in the Lentinus edodes was fractionated by
ammonium aulfate 30% saturation and purified by Sephadex G-200 gel filtration in three times.
Three kinds of protein fractions of F,-ATPase were isolated from this mushroom, and fraction
I and 11 showed its activity for the substrate, adenosine-5'-triphosphate. Its optimum pH and tempe-
rature were found to be pH 7.6 and 58°C, and its thermal stability was stabled for 30 min. at

20-30°C. The Km value of this enzyme was 1.81 mM.
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ATPase(EC 3.6.1.3)¥ F-ATPase?} F,-F,-AT-
Pase®] %%024 F-ATPase: ATPS ADPs}
Piz Falsh= 7]%(Kielly, 1955)& 71x| g 29
A+ ATPasez} gt} FFi-ATPase= F,-ATPase7}
Oligomycin Sensitive Conferring Protein(OSCP) o))
2J5}e] Fogroupell <175 e](Racker, 1976) glow
ADP2} Piz4e ATPE AAsl 7]3(Okamoto
et al., 1977 ; Senior, 1988)2 77| w]F-ol ATP syn-
thasez} 2= 3}l Genusell wel 224 tlEx|qt
Fi-group& 5% subunit®] 7} a3 Bs v & e&
A9 A B3tAle)i(Racker, 1976), Fo-
group A4 QXA R PAIE 3FF-9] subunit
(Cain et al, 1988) 2 T4 =|o] n| e Ez]o}e] ut
(Kielly and Kielly, 1953), {&]¢] thylakoid 4
plasma membrane(Leonard and Van Der Woude,
1976)o) £Ast HY 45& wisiske o(Wal-
ker e al., 1984 ; Hoppe et al., 1984 ; Schneider
et al, 1984)& 3= HOE Huso) ok
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ATPase®] #$F/=2+ Mg? -ATPase (Gilmour ef
al; 1952 ; Hoges, 1973), Ca’*-ATPase(Jr et al.,
1988), Ca?*-Mg?*-ATPase(Munkonge, 1988), K*-
ATPase(Leonard et al., 1976) % Na't+:K"-ATPase
(Pedemont et al., 1988 ; Tamura et al., 1988) 4
Oj% HZo 3 L mechanismS H.IEe] gl

WAL 25 gabdel &3 52 ABEA ch-
lorophylle]t} bacterial chlorophyll# 7Z+& &3} A
Enbd B B e B IV S 2= e e, B i S d !
mitochondrial ATPase(Min et al., 1987, 1987") 2
ATP synthase(Min ef al., 1989°, 1989")2] &A=
B84 493 29 A= 680 nm W& 5%, Fal=
470 nm 152 §& A 9 ol Zid
FAx7} 2A ZFr7lE90, 470nm WE E3s=
EA4L flavinAl 33EYS 23 (Park and Min,
1989, 199D skdch. =g BAe] Fiel upE W)
A7E 7] st =gl WA & 37184 mito-
chondrial ATPase(Lee and Min, 1989°) % ATP
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Fig. 1. Fractionation of ATPase by first sephadex G-
200 gel filtration.

O----O: absorbance at 280 nm, ® —®: ATPase acti-
vity.

synthase(Lee and Min,1989" ; Min and Lee 1991)
o] BAS A3 A9 AAE 580 nm WE 10%,
FA= 480nm g 153 FoF FAME o 1 3
Axrt ZA F718e Baslgic)

2 A7l M= 3784 mitochondrial ATPase9}
T8 2] AAIF ATPased] 4% A4S v
HAEZ ez ZuwlAl F ATPased 3 A
A g A pH, HA 22 o A ¥ Km

e SAse
7# " B

M B

A7 % Fgolr AT AAx A Lenti-
nus edodes)& AH8-8}4]1, adenosine-5'-triphos-
phate(ATP), 2(N-morpholino)ethanesulfonic acid
(MES) bovine plasma albumin(BA) % Sephadex
G-200 5 Sigma A|ES A1-£3}% 32, ammonium-
molybdate(AM), 1-amino-2-naphthol-4-sulfonic
acid(ANSA) acrylamide, coomassie brilliant blue
R-250(CBB R-250), coomassie brilliant blue G-250
(CBB G-250) % tris(hydroymethyl) aminoethane
(Tris) = Merk A& 28)31 1 9)9] Aok Wako
B Ak AM-Ele] ARsiy)
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Fig. 2. Fractionation of ATPase by third gel filtration
with sephadex G-200 colyumn to fraction II
O---—-O: absorbance at 280 nm, @ —@: ATPase acti-
vity.

450gs] 25 mM Tris-MES $+349(pH 7.2)& 7
sto] FA33 oS 15000X g2 3087 UAlEe
&led(Dupont Sorvall, OTB-75B) AFZ9g & %
olofl SAIRF 30% EIE HE FAAA)A 15000
XgZ 30% FoF dAalEeste] A
o]& 25mM Tris-MES €&4d(p
3d T FAME YF w5 AMEE 2
SN o 7 737l Sephadex G-200 column(2.2X
60cm) 22 A oizsle] ol REa IHEE
LIL I ¥ IVE 290vk(Fig. 1. 3483 [IE u&
Tol 22 columno 23 A Aoiz}sle] AA) s}
93th(Fig. 2). ]2 HPLC(Waters Co.) ¥ disc-pol-
yacrylamide 7 #7]o]%(disc-PAGE) 2.2 A=A %
Atk o] HAEH £9& FHG FollA 3Y ¢
FAs] YF Az § BE A2 4TAA
stk

ATPase®| AT X

o] £49¢ #FA X Rorive 5(1972)¢] uhy-&-
a4 W33t} Min $(1987a)2] W o g of2-x}
Zro] Zxa}yich. 25 mM ATP =44 0.25 m/ell 50
mM MgCl, €9 01mi¢} 02M Tris-MES k3
SN (pH 74) 025 mlE 7}8} oo & £ 0.1

& 7}sted 37Tl M 108 B vb-AI F 10%
trichloroacetic acid(TCA) & 2m/E 7}3k
W3-8 A=) X]7]) 3 syringe 13} (pore size 0.45 um,
Millipore Co.) & HAEE AT Y 25 mio] 2.5
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Table 1. The data of purification of ATPase from the Lentinus edodes (Berk.) Sing

Specific activity

Procedure step Volume (m/) Unit Total activity ) Yield (%)
(pg/mg of protein)
Cell homogenate 1,100 0.95 10,419 13.34 100.0
30% (NH,),S0, 225 1.94 4,374 4418 429
1st gel filtration 64 284 1,818 3463 175
2nd gel filtration 50 3.38 1,685 4760 16.2
3rd gel filtration 30 5.24 1,584 229.56 15.2

*o] F48) 1919 (unit) = 37CNA] wijE &% chal

% AM £ 2mi, 0.25% ANSA £ 04 mio} S
49 51m/E 7hete] 308 Fob wHAXA 660
nmell A FHEE FAst QAabe] (P A4
o ojsjed A=l Pig Awpelgivh. A A=
Bradford®§ (1976) o} o=} Aekslgic). 21 84
= e 37T v £ &4 A 1mge)
1pg®] Pi& FelAvle & 199 (unit) 2 3ok

A &l

Disc-PAGE® Webber'8(1969)-¢ <l-&38te] 6%
Polyacrylamide gel(PAG)<} €14} 434 (pH 7.
2)& AHg-ste] 5CollA A 7 5mA, 65VE 743
H7) o]%3te] 0.25% Coomassie brilliant blue R-
250(CBB R-250) &jo & oA % gd3le] Den-
sitometer(Toyo DMU-33C) & slit 0.2X2 mm, 620
nmol| 4 233} 3, HPLCE protein column I-
125, mobile phase : 0.05M phosphate buffer(pH
6.8), flow rate; 1ml, chart speed : 0.5 cm/min,
wave length : 280 nmeil 4] =& 3l

2 pH, 2N 25 Y & oHEN

o] 49 HA pHE Tris-HCl 848 A8
sto] pH 7.0e14 9.071A 7}z WEA[A 37Ce A
102 5 w217 & SY=E SA3dh

HA Lxaz o] A9 A pHell4 20Tel|A 80
C7HA 8] 2= w9l 27 108 F<b 9HEAA
FAEE FAsda, 4 IAYL EXE 20T A
80C 2 WelolA] A=t 308 Eot Iz F A
pHelA 425 &A35ch

Kmg} 53

ATP9] X5 05mMoA 4.0 mM7Hx] 24zt Wi
AlA o] A4 A pHel 37CA Agsa,
Lineweaver-Burk double reciprocal plotdle] Km

& F-shedrt.

rie

0O

2 1mge] 1pgd] Pig

fel AFle o= 3ok

BR A X

ATPase2| £2| HH|

AA Ao B o] AA9 BT W= Table
17} 7t} Table 104 AA %7] @Al 3 &
ool v BT 1334 "elgerh, HA 2HF =2

A 33 A oz DAME 22056 HUE ol
Ear) 17w AAEREE & U

F a4 F¢] AL Sephadex G-200 7
T2 B3l zgvlE e Fig 13 2o} 3 /79
whil Al 238 qlglorn] 7] ATPol| gt 84EF
LIL I 9 IVE g4l 3483 15 w2 Fof
72 columno & A oj=gk ¥ F 23E o] 29
A ojzpst m vl I38e Fig 29f 2tk

Fig. 204 =t vl 233} bl &4 #3&
Ho] A EGS-& BojFr). o5 HPLC ¥ disc-
PAGEZ A #<ld ZAz= Fig3 2 49 #rh
7+zb el peakdE R o] AUl HAHNSE
ANgald 4= it o] EAe] FAF B subunit
Ao #g A7 uwz Bl Yk

== pH

pH #3}e] w2 o] Ao BHE WslE SHY
A= Fig 59 2t AAR o] 49 34 pHe
7.60]%t}r. o] A= syrian hamster®] AWrEZ
% mitochondrial ATPase2] 4 pH 85(Houstek
and Drahota, 1977), thermophilic aerobic bacte-
rium(ps 3)el 4] AL ATPase<] &= pH 8.6(Sone
et al., 1975), #¢) 7} £ mitochondrial ATPase®]
## pH 85(Kielly and Kielly, 1953), A% &
3 9} Ca?t-ATPase?] #3 pH 7.8(Rorive and
Kleinzeller, 1972), &% <% % mitochondrial
Mg?*-ATPase2] %% pH 7.8(Gilmour and Calaby,
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Fig. 3. HPLC chromatogram of ATPase by third gel
filtration with sephadex G-200 column to fraction II
Column: protein column 1-125, Mobile phase: 0.05 M
phosphate buffer (pH 6.8), Flow rate: 1 m//min, Inte-

nsity: 0.1, Chart speed: 0.5 cm/min, Wave length: 280
nm,
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Fig. 4. Densitometric pattern obtained with disc-pol-
yacrylamide gel electrophoresis to purified ATPase.

1952) #h= wgkew], 4 Al#be] mitochondrial AT-
Pase®] ## pH 7.5(Penefsky and Warner, 1965),
22T & AT A Bud EuA E Brey
mitochondrial ATPase2] ## pH 75(Min ef al.,
1987a), etz A & 37124 mitochondral AT-
Pase®] 4 pH 7.4(Lee and Min, 1989%) o} 7 ¢]
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50|
—~40}
£
£
Eaof
a
o
2
a0}
°
<

10

0 J A 1 i 1 1
20 30 40 50 60 70
Temperature(’C)

Fig. 6. Optimum temperature of ATPase.

> Wste] w2 o] AAe] A% sl Fig 6
o ok HAE o] Ao HA iz 58T9ch
Thermophilic aerobic bacterium(ps 3) |4 &2t
ATPase(Sone ef al., 1975)2) A &% 70C, &3
-8 % mitochondrial Mg®*-ATPase(Gilmour and
Calaby, 1952)¢] A 2k 42Cele Abo)slelw,
F3A F B84 mitochondrial ATPase(Min
et al, 1987a) 9] HALx 59C, =eleimxl = 53
784 mitochondrial ATPase(Lee and Min, 1989
D2 HA £x 60T Ao HAtatsr).
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Fig. 7. Thermal stability of ATPase.
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Fig. 8. Lineweaver-Burk reciprocal plot of the effect
of ATP substrate concentration on the reaction velo-
cities of ATPase.

734 7&‘4 °] HA2E 40T o)AdAE 1 FAHET}
A3}, 20-40C AolollA] 30% Fob
IR TE 5’—"17‘7 k.
| A | FA| A& A 29 CF-ATPase(Livne
and Racker, 1969)7} 64T o}itell 4 B&AE ==
Aol Aolsigch

KmZt

ATP 712 899¢ F= W3l we} $A4% Km
2+-S Lineweaver-Burk double reciprocal plotel]
93le) =A% Az Fig 8% 231, o] &9
Kmz}& 1.81 mMo]gich

o] Azl =% &8 £9 mitochondrial Mg®*-
ATPase(Gilmour and Calaby, 1952)¢] Km3! 1.6
mM, £ d7AelA ¢ Bug(Park, 1990) &
a8 A F #2124 mitochondrial ATPase2} A
24 680 nm W& 5% FF AR o
Kmgt 167 mMzle fAbstgov, 4 shae] 9

o

A 1A zx-hs]-

& zAEA 248 Kmgk 1.02mM A% 2% T
mitochondrial Mg?"-ATPase( Cantley and Ham-
mes, 1973)2] Km3} 0.34 mM 2] 3L syrian hams-
ter AW}Z% % mitochondrial ATPase(Houstek
and Drahota, 1977)8] Kmzt 022 mMel| ¥]3toq
A Aolgre BAFI Qv

m =

1. WA, L edodes 52 adenosine-5'-triphos-
phatase S 3AIIRF 30% 32 HAA H Se-
phadex G-200 A oz}2 A=l st

2. o] u])ﬁ °“‘t? 3 _,] p}ml;d
sine-5-triphosphate 7] digt +
—.—32] LI I 2 IVE 49k

FAE3 15 YAt L& o] a2 HH
pH 0 4 exi= 7zt 76 % 58CHE, o <
AL 20-40ColA 308 FF A o] &
29 Kmz< 1.81 mMelgich

233 adeno-
59 &4

INCIE

E QAFE 1986 A% A ) A7) (862-
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