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Mechanism for Increase in 5-Nucleotidase Activity of Rat Liver
Plasma Membrane upon Aging in vitro

Agdz ot Yyagdz
kS| 2 = - 0} 7| ™

ectoenzyme®d o] ¥3 Aol w2t (Riordan & Slavik,

S| =2 1974; Woo & Manery, 1975; Stefanovic et al., 1967

2 AEHAQ = oS Z4dgA= gt 2=

5-Nucleotidaset nucleotide 9] deoxyribose = B o] Fad it AzefF AMPERE 4=

= ribose?] Cgoll esterslsl HEEE Zly2dstes & adenosine R]EHEA 34 #(precapillary resistance

A o] o} (Heppel & Hilmoe, 1963). 7% mononucleotide vesse} g A2 9l HYZAL2E Faled o F o
RS o] xAs Aol W 4 Yo} 2 FANE fAF ez dFE =Fste 2o HAz It

5-AMP<] @ AW 4de] st EolAl (Stefanovic et b oz AT AEgd A4F F2E 2 49
al., 1976) o] & =g #| Wz Ao} o3 e wiLo 4l g Sl g Aol astAL old it 2
2 2 4L 28}, 4 e] =25 Ae]rt(Duttera et al., 1968; Vessy

5'-AMP+H;0—Adenosine+Pi & Zakim, 1971). =&z A&  phospholipase

o] &-nucleotidase 19344 o] Reisel .o dle) wAR (Zakim, 1970), %7]-&+f (Slater & Sawyer, 1971) =
os] HEALY = 9% A=t (plasma membrane) 4B %M (Helenius & Simons, 1972; Makino et al.,
A A uAx e 2 M (Dvorak & Heppel, 1968; DePierre 1973) Fol o# AdaH x Fzs HEgd £ o
& Karnovsky, 1973; Polya, 1975; Paglia & Valentine, et hA A s (Pleifer & McCaz, 1971)e]
1975; Riemer & Widnell, 1975) 4 Z 2% 3ol 4 HAE 2 Tt gyl zejEs ol F 5 gt
A9 Ate) $4n2(marker enzyme)2 el Ay AWE E2d 898 WA dase Aoz wHA
% o (Stein et al, 1968; Berman et al, 1969; - %h2F(Joergensen, 1974; Kamataki & Kitagawa,
Avruch & Wallach, 1971; Johnsen et al., 1974). 1973; Chung & Lee, 1977) {3 A& 4°Cel A

# 3 5’-nucleotidasel @3 ¢ alkaline phosphatase (aging)#] § 224 5'-nuclectidases] A += = ¥4
ZAZ77 WY AEke rede AAdAES EE= o] Frtdcte A S AAZL 228 v A (Kim &
244 A E7} Hol & v 3 AFA AL 5-nucleo- Chung, 1978).
tidase7} alkaline phosphatases} %7 Frlsixnt = Adate] Ay T4ELE 2 AF-Eo] A& Fof
A &lefl A = alkaline phosphatasedt & 713} 2 5/-nucleo- wel 7] = 4ol HAF Fraste Abdd ] Fef
tidase= F718lA EEd dH3tE Ao} (Gerlach & 2 9o 93 5-nucleotidased] HAFrsE o %
Hiby, 1974). =3 #4# 5'-nucleotidase= HWHBH& Solg dAe] obd g = ofg AAHH] G #
A A y-glutamyl transferasedt 7] = Z4o] & o] T4 A4 EHsAd wa EAXNY FERE:
7het7] | ol 2l E EBEDIL A 2 g Aozt Q= Aoz o9 AAE Wiz £ AY

74 7} #8553 9lh(Kim, et al., 1977; Beck et al., & Yagoen od 2 AME B2 vold
1978).
34 5’-nucleotidase+= adenosines] 44 27 7)o AEHME W Wy
e Aoz 475 2 glev o|RA F4 adenosine
+ 288 ¥RLAAz deAx 9w {Frick & Lo- AEM=E
wenstein, 1976). #=lob et o] 4y FAZM XL, ¢ Agod] FEAAAH A5 MF 200~300g &
Ao JH AR =8 A2 S 49U 499 SpragueDawleysl 031 % YEFUAS 4G ach
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AMP¢ A% albumin& Sigma Chem. Co. (St. Louis,
Mo., U.S.A.) Tris, trichloroacetic acid(TCA), sodium
deoxycholate ¥ sodium dodecyl sulfate(SDS)+& Merck
Co. (Darmstadt, Germany), =.e|z B> 298 &
71 A ¢k Kanto Chem. (Tokyo, Japan)®E& A1 8£314
o},

2} homogenate= X

AEBE Adstd AP AHAA FA4 g A
%% 443 5mM Tris, 0.5mM CaClL& 3719
0.25M EfE(pH 7. 4) &4 Yol 71912 ¢ie AL E
HE F A Fe fad A 33 WE AR
224 7HEge AYFTE A AN AA ALY B=x
% & teflon pestlex® Potter-Elvehjem homogenizer
of &4 4719 444 7% =2 homogenizedtgl ot
HE ol® FH Ao A F Ao FAE 5}
o 10%(w/v) homogenate} = =5 #grl.

M EEotel FX Y (Berman et al., 1969)

7 7te] 10% homogenate® 2000xg= 10¥7 o
A=t 2 EiFEE ¥ o A4 EE Dounce-
homogenizere] &7] o homogenate 2ef -g-akel Aul
of #F3= A7) 0.25M EESEEL et B
e EUT A o] & 2000xgE 10¥E7] YA
A4 3 2 AREE 2L FA4 ERAFo A
5mg protein/mlel ¥fA& whEgih o Ff4 Iml
5 vh-&3 o] £ul® sucrose density gradient$) ¢l
FY3tqd F3 A7

Z 22 5 5mlql polyethylene tubes] 45% (w/w)E
#5809 1mlE 718 o}& 41.5% @S 1.5mlE
Az g et Fosed FAH Rz A 2 94
37% H#HESY Lomlé e 97 o® FA s 2gsA
A A7ebgioh. )8} o] sucrose density gradient
A 3= 2H9 1mle 200,000 xg(MSE Centriscan
75, aluminium swing-out rotor, 41, 000rpm) = 902 7}
4°Cell A QA Al F 41.5%% 37%
Atel ) FAdel YA tFE FA R Bohiidg F
Feg s AE H4shd 5000xg2 1087 =4 g
ARl 2 AR EE 0.25M EEdES] 24
A7) ¢] 4mg protein/mliel ¥-HA & wWE o] S H-
nucleotidased] A A F 2 ALE3}¢ddh,

EGE I W% (membrane-free supernatant)e] =
H Y {Song et al., 1968)

Sl Fuld BfAe ¥ EF Sonifier, Model W
185(Heat Systems-Ultra Sonic Inc.) & At 8-3lo & o
2oz jiliEdA 302 PA 22 387 sonifystyd
=}, o] AL 140, 000 xg(MSE Centriscan 75, 5.5mlx6

2

swing-out rotor) 2 14 1%5-¢ 4 AL 2 43
+ 8= 5'-nucleotidases] FAA B2 AFRatg ).
5’-Nucleotidase® B4R Y
o] A4S BAHFAA = SegalF(1960)2] Wi =
&e  Tris 100x mole(pH 7.5), 5-AMP 2 mole %X
A 0.1mle Moz A EERRARC 2.0ml7t §
=5 #gc. o] &AAe MgCl, MnCl,
dodecyl sulfate 9 sodium deoxycholate £& 718 =)
€ 2843 HFe] A5 E geoed FHe gE
ol gl # uge B4AdE Afgeozd AFHn
30°Cell A 2047 incubate® Fol 30% TCA 0.5mlE
HHezs 2 wbgE AR BaSE 12
AMPZ AZA¢ A& oA E4NE ELB4H2AA
&R Ftalz 4AZ 7] 0°CEHMAA incubatedt
F AMPE Aste] wig& AFsgz 208%e0 TCA
+ Moz wigg AR} 28 SDS 0. 6mg
o4& ¥A4F 2AANE 30% TCAA 0.1M MgCl=
TR EFLD 0.5mlE A X HolE 447 o
4 FAE T AP A
AR A F AMP2YE #e8 &AL Fiskest
SubbaRoww o] 9] A2el UV-Visible spectropho-
tometer(Pye Unicam, England) & A}&3l9 o3 660
nmel A A, aL¥49 g E 1473 £
AMPZ Y-E] 1z moled] #7191 ¢ felA7 ™ Pad
B9 $4% 1 unitz Aotz u|BH L o Faly
Sl 39 mgel N BLgHow FAAL
Liposome® =X (Roelofsen & Schatzmann,
1977)
Phosphatidy] choline g & <<l A sonifysle] 10mg
/mlel liposome ¥-#< & =159},
S E Fa
7t 489 A LowryW (1951)¢] o ote] A
galgon &G A 2= v e Kjeldahlometrys 3
£%%E 24 HRFOM albuming AL§3 9

sodium

s 8 & o

YIS HA
Sucrose density gradient& ©]-23 ALz H

A& 23 AL 5 -nucleotidases] v A4 ZFr1&5 =
A2 3] & 109 FxE FASFAG. 5-Nucleo-
tidaser ¥4 Fol et 7 BYo] Feirz iy
A Y diricl fRo] YYAtL AAdGg =z 2 A=A
ARE A £ 4 B vPH ez FAT

5’~-Nucleotidaasef 40 ™2t sodium dodecyl
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sulfate2] g

A 1=4 2E vlsb go] 5-nucleotidased] LA
2 o 24 (Tris 100¢ mole(pH 7.5), 5~AMP Z2x mole
9 %29 0.1lmle) 24dez £ F433e] 2migd &
845445 2hd A4S SDSY FE5t S4E
of wet S7betz SDS7F mEypEY He z BYL %
T Aade A%E 1A ¥ 2 dzAd 10mM
Mg*& A71a & SDS8) ¥=& F7FA A #et 5'-

—

IOG%//

Relative enzyme activities

0 ‘ 1 2
SDS, mg
Fig. 1. Activation of 5-nucleotidase of plasma mem-
brane suspension by sodium dodecyl sulfate
with or without Mg*.

5'-Nucleotidase activity of this enzyme
preparation was 6.50 units/mg protein.
Various amounts of sodium dodecyl sulfate
{SDS) were added to the contrcl assay mix-
ture consisting of 100pmoles eof Tris, pH
7.5 and 2umoles of 5-AMP in a final
volume of 2ml. Effects of Mg* on 5’-nucleo-
tidase activity were observed by adding 20
moles of Mg*(—QO—QO—0O—) to these assay
mixtures or excluding it (—@—@—@—)
from them. Unless otherwise stated, 5'-
nucleoticase activities were measured by
starting the enzyme reactions with enzyme
preparations. Relative specific enzyme activi-
ties in percentages were plotted against
increases in SDS concentrations.

The supernatants of enzyme assay systems
containing more than 0.6mg SDS were not
cleared by trichloroacetic acid, while they
were cleared by the addition of mixture of
309 TCA and 0. 1M MgCl,. Clearing effects
of TCA and Mg" are tabulated in Table ].

3

nucleotidases] $4& A7tHoe Frhggl e SDS
7} 2559 # & 5-nucleotidase &4 & <7k A48
= A%L vdch & dzAd SDSE sl denA
5-nucleotidase ¥4 -2 A F71¥9 o SDS lmge
gHote axdAANAE 2 Z40] ARA AL}
2 25%9 F715 By lmg ol 49 SDS £A e
dAe EAFAel % Fadgch #HE 10mMe
Mg*g SDSs} #al AALZAA - b 5"-nucleo-
tidased] T4 L e 2 Zr13te] 1mgd SDSEH
Bel A Wl B 55%9 F7bE 2och
Sodium dodecyl sulfate micelle2! 23

0.6mg o] 49 SDSE Hstz e HudAA A
30% TCA 0.5mlE 7tetz 42l sty g = = 43
do] 2314 gol AYLY A AAHAG. o
g @t T4 % siAdsk7) $laked  phosphatidyl cholineg
sonify3te] liposome& =HE c}-& SDS9} liposomed] &
=2 Az A7)0 o5 EFEL HEZ 471e] TCA
w3 MgCh3 Aridezd A 13 a%d vis 3
< AF4F x4

A1EANA BE ukst gol
59 TCA®l 93ld A AA=Lg e liposomes] <F
of wate] SDSFEES AMAor R EFE 5 10mg
9] liposome?} Imgd SDSE 2 ¥ste EFFEE 94
5% TCAo| o 3le A=

281 liposome®] 9ol W]zl SDS H=7k AHF
o2 & EFE Z 10mgd liposomes 2mgs) SDS
2 zise B2EEL 5% TCAd 9o AAH
A gtz 0.ImM MgCLE 7ftezHdge] AA=Y
th o] &} o] Mg*g SDS micelles HAFAAR 4 U
o1} SDS micelle?] F=7} @& =& FoE 447k ¢
A A Fo SR dGorst 2 4PYo] T
dZ ek ol F AdE 22 5% TCA 0. 1M MgCl;
& @47 o =4 liposome SDSE ol w2
FEE A4 F UARE 29 bz AP A
A x &7k o

Sodium dodecyl sulfaiety 2}#&l 5'-nucleotidase
ol ¥y

SDS7+ 5'-nucleotidases) n] A& 9 F& H x5 4
#te] SDSSF Mghol @fslel dE 24AY HEAd
W gxdg shetx 30°C A 43D
Zoff 7]l AMPE 1% 254 b5'-nucleotidase®] %
e 2459d 5 A 25904 2E uls} o] pre
incubationl Zkel] wet = FEABHol ZAIg o
& Yoz g zAld A 5-nucleotidases) A&
AR b H=A 9 {EBHE hypotonicity)dl & d

10mg/mle] liposome &

e

incubatedh
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Table 1. Precipitation of phospholipid by trichloroacetic acid and of sodium dodecyl sulfate

micelle by MgCl;

Compositions of liposome suspension

Reagents added to the suspension

. . B
o gty 0 ¢ SDS(mg/m) &%) R @8 +MaChlo 1)
10 0 Clear Turbid Turbid . Clear
10 1 Clear Turbid Turbid Clear
10 2 Turbid Clear Turbid Clear
1 1 Turbid Clear* Clear* Clear*

* The mixtures were centrifuged after standing for 4 hours at the minimum.

Phosphatidyl choline was converted to liposome in distilled water by sonication. The suspension were
composed of various ratios of liposome to SDS. Either one of TCA, MgCl; or the mixture of the two
was added to liposome suspensions, which, then, were centrifuged to precipitate phosphatidyl choline.
“Clear” indicates that the phospholipid was precipitated and “Turbid” that the phospholipid not precipitated.
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Fig. 2. Denaturation of 5-nucleotidase of plasma
membrane suspension by sodium dodecyl
sulfate.

5’-Nucleotidase activity of this enzyme
preparation was 6.50 units per mg protein.
5’-Nucleotidase activities were measured by
starting the enzyme reaction with substrate.
Before addition of the substrate the enzyme
preparation was incubated in the following
assay media at 30°C.
—@®—@—@— : Control medium(100x moles
of Tris, pH7.5)
—(0O—Q—0O— : Control medium+1mg SDS
+10mM MgCla.

oo 2 5-nucleotidase?] 4 & preincubationA] 7+
o =t Fratgdet. F A zAl A 5-nucleotidased]
34 & preincubationA] 7tell =& AR} Foldle 608

ol 2 B4o| 239% Zstg e SDSE Mg d d&
& 244 9 A v 5-nuclectidases] 4 -2 preincu-
bation <] ztell whet A Fasted 60 FAE =z I
o] 16%9 ZaE 2
Deoxycholateti 2| &t 5'-nuclectidase2| #4E2t

A 2= A ¥ v zto] 5-nucleotidase = SDSH]
olsle] WAElnz AAz SDSE 4l FoEA
AdA &35 = 5'-nucleotidased] 4L HAA 3z
Sl o3 BHEo WA A7 24T At
Heh FAA FLe 9§ m5dT S 984
SDS=E e} WA ggo] 448 AFAAQ deoxycholateF A
884 5-nucleotidases] ¥4 A% A= A 3=
st 72

5-Nucleotidase3t4 & deoxycholate®} FZef whet
Z a9 ek, & 5'-nucleotidased] ¥4 & sodium de-
oxycholate®] ¥ x| a2} Frlele] 2 FE7 20mg
g sl 2 BAo] J & 30%8 FoHE 2Eh

4 deoxycholated ol d71E Mgte SDSA o] A 9
7kol 5-nucleotidase®4 F-7te] =3 AmE+s
s et 22 sodium deoxycholater} 1mg o] 44
o = 10mM Mg*& deoxycholated A4 A AAA
deoxycholate® ©] & FE2AE A£E 71 2
th A 42 B viel o] Mgt AFAHY FE
¢l lomM=c o] @& ¥Fx2A4 5 -nuclectidased]
& FAAA e GE FEo) g2 S A, Ma*d
+ ¢ F A=

Z 5-nucleotidase?] #4 2 of A< 10mM Mghs
Az gl whel 12%9 M ECME xG 3z HzAe

0.1Mm Mn*E Hs3ld s 2o 378 FHEFE B
gk, o719 deoxycholatert Hslgel what 5-nu-
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Fig. 3. Activation of 5'-nucleotidase of plasma mem-
brane suspension by deoxycholate with or
without Mn* or Mg".

5'-Nucleotidase activity of this enzyme
preparation was 7.18 units per mg protein.
5’-Nucleotidase activities were measured in
the enzyme assay systems containing various
amounts of sodium deoxycholate(—@—@—
®—) to which either 10mM MgCl: (—O—
O~C=) or 0. 1mM MnCly (OO Oee)
was added. At the concentrations within 1mg
sodium deoxycholate in the enzyme assay
systems, 10mM Mg* and 0. ImM Mn* exerted
the same magnitude of effect on 5’-nucleo-
tidase. At the concentrations of mere than
1mg sodium deoxycholate, 10mM MgCl; pre-
cipitated deoxycholate, but 0.1mM MnCl,
did not.

cleotidase ¥4 & deoxycholate®] ¥z wat Z 7131y
sodium deoxycholated] ¥=7} 1lmgd =1 10mM Mg*
EZAq AN = B o] AzAdA R FHF 0%
b5 2¥ 2 0. 1mM Mn* Ex st A x 2 g4 0] 44
0% 715 23+ o] 24 Mn*2 0.lmM=24 Mgt
2 10mMst A9 2 Fxe 5-nucleotidased] 4
2 F7H4 2= 0. 1mM Mn*& Imgel 4 559 deoxy-
cholate® A A A7 A kot etAl sodium deoxy-
cholate®] F% 7 20mge] = Mnt*o] 0. 1mM% =9 =
AA A4 5 -nucleotidased] 4.2 o ZAe) Al B} o
2 100% o4 F7t% 2y
Mn*a gt

A 4o A & 4 9l%o] 5-nucleotidases]
AL Z7A7lE Mn*g AAEEE  (.0lmMd A
0.5mMe] o] 27748 FWE FEGet ouux
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Fig. 4. Activation of 5 -nucleotidase of the plasma
membrane suspension by Mn*.

5’-Nucleotidase activity of this enzyme

preparation was 6. 28 units per mg protein.

E2 F%¢ Mn*& 5-nucleotidased4-& .37 o
#e] 10mMol A9 5-nucleotidases] ¥4 o) 2% 9
80%l cl=2gler dgActe] AL AAHE A
o] A=l

WzAe dided FLAEE stz I3z
preincubationdt F¢] AMPE 7}3te 5 -nucleotidase
g 24¢ 3099 o A 5= me ukel 3ol
preincubation] kel wa} 2 34o] JAjE Erlud
60 Fele 2 84| A% 20% F7H3ksd ot

Sodium deoxycholate 20mg-2 Wl =79 oo
7Hek F 819 2L we2 EAT 5-nucleotidases)
Y= F4 preincubations] 7ol 7 248l wiel 2}
3ed 60%- & & preincubation® 2] HzA A 2
AAne At 70% F7hdg . 23 0. 1mM Mn*
¢} sodium deoxycholate 20mge 34 7l 7o
Y o2 3% 5 -nucleotidase 4 & preincubates}
7l A olul HzANHY FHAA Rt AF 110%3
% F 73t preincubationl ztel wiet A walst o
Ak #H 0.1mM Mn*wle] HAHAE ®E 5
nucleotidase® 4 & o zA | N B4 we} 10%3
% Z7heto] preincubationd| kel Wl e o 3 ahg
=} o] 24 deoxycholatee] &% 5-nucleotidase?]
A57he W+ A48 FAYHE ulLe2 woln o
of Mn"g Hslgd =t 2 Nee 4 HYAd =
Wto] preincubationA] 7te] oot H 3 gl nogE
et

5'-Nucleotidase@ & 0 TH&t WX (aging)e] I

HEAY P03 4°CY o] FHEA 2 2%

48] 5-nucleotidases] 4L =4, deoxycholate
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Fig. 5. Catalytic effect of Mn* on the increase in
5’-nuecleotidase activity caused by deoxy-
cholate.

5’-Nucleotidase activity of this enzyme

preparation was 7.14 units per mg protein.

5’-Nucleotidase activities were measured by

starting the enzyme reaction with substrate.

Before addition of the substrate, the enzyme

preparation was incubated in the following

assay media at 30°C:

—0O—0O—0O— : Control medium (100 meles
of Tris, pH 7.5).

—@—@—@— : Control medium+0. ImM
MnClz

—A—A—A—: Control medium+20mg de-
oxycholate

—O—O—0O— : Control medium-+20mg de-
oxycholate+0. ImM MnCl,

0.2mg+0. ImM Mn*#4|, deoxycholate 2mg+0. ImM
Mn*# 9 deoxycholate 20mg—+0. 1mM Mn*A] (24 4)
oA ZA v A 6EAAH Bz wel Ze] WAV
o] @2 & 5-nucleotidases] ¥4 %7182 deoxycholate
8 F=7 F/%d wak A F4athed deoxycholate
o xx7 20mgd HE 2 FHEE AL 003
2 BAAAA 5-nucleotidased] T4 WX Ao
ole] W 249 VAR 4 F 1005 EHoEA P
27 kel whek Aol #Es dgic. #H deoxycholate
2mg+0. lmM Mn*#| s A& 5 -nucleotidases] 24 &
WA A hzAY AT A 0% ¥ 100
Az Fol 2 BAL H2A9 SAA R | 0%
FotAl 1004 2 WA FAgE W 0%
Deoxycholate 0.2mg+0. 1mM Mn*A &} 4 & 5'-nucleo-

Relative enzyme activities

o 00

200
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1501
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Fig. 6. Measurement for the 5'-nucleotidase activity

of plasma membrane suspension in the

various enzyme assay system, upon aging at

4°C.
5’-Nucleotidase activity of this enzyme
preparation was 7.60 units per mg protein.

The enzyme activities were measured in the

following assay systems:

—@—@—@— : Control system (100p moles
of Tris, pH 7.5+2x moles
of 5-AMP in 2ml)

—O—0O—0— : Control system+0.2mg of
sodium  deoxycholate+0.1
mM MnCl,.

—A—A—A— ! Control system+2mg of so-
dium deoxycholate +0. 1mM
Mﬂclz.

—[—~{J~—{J~— : Control system+20mg of
sodium  deoxycholate+0. 1
mM MnCl,.

tidase?] &4 LA Fe] H=Z2AY FAA2S o
20% Eod 10047 Felv T FAo zdAle B4
H 2o} 45% ®orA 1004 7k WA 7 28] FoEe
e 26%%tt. =3 dzA A e 5-nucleotidased] ¥
Ag Aol ot 100473 FAE T 40%9] Fo1E
LKL

Tt g 4°C Jaad WAIEAq = LAY
5-nucleotidase®] #4-& HA=A, 0. 1mM Mn*4d 9
FAAANA 4% vt A 7EAA BE wheh Aol

Ao g8 FYFrle AzAAA 7% Az &
AA AL A ooldh. 2 5-nucleotidased] B4
& AR olu) HzAlY BARARS £ F T0% ¥
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Fig. 7. Measurement for the 5'-nucleotidase activity
of membrane-free supernatant in the various
enzyme assay systems, upon aging at 4°C.

The membrane-free supernatant was ob-
tained by centrifuging the sonified plasma

membrane suspension at 140,000xg for 1

hour. In the supernatant, about 70% of the

5-nucleotidase activity was recovered. 5'-

Nucleotidase activity of this enzyme pre-

paration was 10.4 units per mg protein.

The enzyme activities were measured in
the following assay systems:

—@®—0—@— : Control system (100x moles
of Tris, pH 7.5+2x moles
of 5"-AMP in 2ml)

—(O—O~—C— : Control system+0. ImM
MnClz

—A—A—A—:Control system+20mg of
sodium deoxycholate+0. 1
mM MnClg

oo A7 zkel =et A9 Mg} gigch @9 0.1
mM Mn*4| o 4 & 5'-nucleotidased] -2 3
HzAY AR AT 0% Eeond 10047 Ld
£ 2 T4 dzAe $Yu v 5% oA
1004 #AZA 2 Fo48e A% 5% =8 o
A A& 5-nucleotidases] TA & WA wpz
10041 Feol & M2 30%9] F748 mgch
5’-Nucleotidase2| apparent Kmx| &%

48 dd FRYe FE £ L AR Yo o
FAA M Z1A8 FEE A 8479 A 5 nucleotidase
o F4E 548 AAE A 8x9 Po] Lineweaver-
Burk plot § ®} apparent KmH & FAo]4 zo}i
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Fig. 8. Lineweaver-Burk plot of 5'-nuclectidase
activity measured in the control system
(—@—@—®—-) and in the activation sys-
tem (—O—0O—0O—).

5’-Nucleotidase activity of this enzyme
preparation was 7.90 units per mg protein.
The same amount of enzyme preparation
was used to measure apparent Km value for
5'-nucleoctidase in each enzyme system.
Substrate was expressed as the reciprocal of
concentration of 5-AMP in millimoele and
velocity was expressed as half the reciprocal
of absorbance measured by Fiske and Subba-
Row method.

0.2mMo] 3l iz Vmax¥: W zA A et 8494 )4 o
2 241 7} E okt
5'-Nucleotidase®| QeI =
224 BE visd o] AYA G Rpy g 45°C
St 50°Cell 4 147+ £+ 719§ Fo] 5'-nucleotidase
Table 2. Heat stability of 5’-nuclectidase of plasma

membrane suspension

Enzyme assay

system Control system  Activation

(100x moles of system{Control
Tris, pH 7.5+ system+20mg
2p moles of 5’- of deoxycholate
AMP in 2ml) +-0. 1mM Mn*)

Treatment of the
enzyme preparation

Stored in the ice bath 100% 207%
Heated at 45°C for 1 hour 116% 209%
Heated at 50°C for 1 hour 85% 128%

5’-Nucleotidase activity of this enzyme preparation
was 6. 13 units per mg protein. The enzyme pre-
paration was divided into 3 fractions. One was
stored in the ice bath and the second being heated
at 45°C for 1 hour and the third heated at 50°C for 1
hour. The enzyme activities of each enzyme pre-
paration were expressed as the relative specific
activities (%) to that of the enzyme preparation
stored in the ice both, measured in the control

system.
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2 2L AzAdA 4% A, 0°CA A A
29 5-nuclectidase?] #A-E 100%=2 Zrbd 45°C
AEe 4L 16%71 F7rstgl 2 50°C A58 4 &
2.8 15%7F ZFaste

FH glolAel Fo] AT AEe YL BAA
A E 4% A3} 0°C A 89 5-nucleotidases] 4
& dzAdAY YA nd 107% o 45°C AR
2] #4 8 0°C A58 dzA A A 2t 109%
EobA 45°Col A& 7hedel gt mao] wWHel g
€ 2g 2 50°C A Ee 4L 0°C A5y wHzAd
A9 B mcl 28% utel =R YoM 45°C A9
A Aol 419 Ao u Bl 81% Frade 50°Cel
A st 44" B Fgich

1 ¥

HE A0 BA YL 9 Nevillee] of3fe] 22t
53 ole} £A (Neville, 1968)= $1 A =+ 222 homo-
genized £ $9 L 94 1mM® NaHCO;E A &3t
Aoz Hitzt ¢oleh. 2% Ray(1970)€ 1mM Na-
HCOaell 0.5mM CaClys fHiA1AA A3 Ay
B 2 BkES =9 z2a8yg ded ddie
homogenizedt & &9 {EIEH (hypotonicity)el <3}
< A8 A= Tz WYdE sbedel A o el
o] & wl A etr] 93te] BrownE (1976)L %M KCl&
A8t 2 Berman(1969) 5 %R AE#E<l 0.5mM
CaCle® FHA7 £HE A28 vl Uiz £ Agd
AE A gde]l APALY Frd oA 4+ g FE
4 w A 3l7] $8e] Bermang] wie]l we 8o
< AAG Slol et

AATR AR EEL o T A L
2 §Eled A= BHIEES 8 R B = oo 23y
2 #A4e] 2AHE Ae® A4 glek (Duttera et
al., 1960; Zakim, 1970; Vessey & Zakim, 1971). #
& (aging)ol 28 5-nucleotidases] 34 F7F4d¢elo]
oA A o) @b o8 WEAAE FRez £ A
Tl A FARE Egted M3 AHEG AAAE G
#7 SDSE AagdEAAd At 2 34¢ 5
%9l v} 5-nucleotidase®@4 o] Z7}3l4ct. F4F
Aol HEE sl HHALE g v ELEL
SDSE 2 E4UdSAA N AAAgersa 2 4]
F73] 3t4£(Joergensen, 1974)3t= A dl G »
= 5-nucleotidasel= QM o] A= Yretz =
T4 1EE A AAEE Yez A gL
<4 4 AU+

Mg*o] 5-nucleotidases] A€ Z71A7E €
g Ae A@e] eAY 49 FPg A SDS
s} @A 10mM Mg*e H23YGFHA A HrRHd
vl 5-nucleotidases] ¥4 & HHiner Zrsgd
(M1E) g Ades FAYZEE K= 5-
nucleotidases Mgl o]3le] =A B4 = 2 #
L dAE F 2y A 2xd 4 ZE ust o)
SDS: 5'-nucleotidase® HA A7l nz 25 =2 ¥4
Lo} 3 AAA sodium deoxycholated A}&3}
@ Ae]vl. Deoxycholate: SDSxEch A F2 F
=24 5-nucleotidase®] ¥4 & ZrlAHed = &
e SDSaih <2k o $493hg (A 3 =)

10mM Mgz & &34% g 0. lmM Mn*(#
4 %)7) deoxycholate® #A HAZHZAAN 75
51 5 -nucleotidase®] A€ A9 A3 2 47185
7} $DSE ) o # A deoxycholater} 20mgd = #4
27t o % 100%°] o 23

ola gt 27t HAF2 2y #2185 -nucleotidase
7} Mntel] &l3te] &4t HAdE Rt 5
& Zstq

o]} e ZHrhe ol AAAd AT o] BAA
o ote waizE Aolgtzm 7HA stz 5-nucleotidase
9] FAe] B TezH Zrdte AE A4 FAA
Hql TYo] HAE HdEle Aoz oy 5
nucleotidase?] ZAA 8T WA FHA HzAG &
AAdA 2 F4L =4% &+ 5-nucleotidases] %
de daAdiEs ASesd 2718 el GAA-
Ae 4738 Re] dAdc. A¥Ad e AAAd v
s} o] BAA RS 4F AN Flpgol T EBELRHE
QEzd 2 Fe24 5-nucleotidased] ;A o)
HaAdAe £7saz A AL A LA
A 6= 2 7TE)

a4 87 Fgdade Aot 5-nucleotidase?]
F4ol B Fozd HzAGA FredHe A
Ag A o3 HaBAF e A FHo] ¢l
&g gFatE Aol HZA A Bt FHFA A
9] 5 -nucleotidase &4 &7} (deoxycholates} Mn*e] A
EA) =8 A} #Ho) g&d dFAE Aol
=

ole] &t AtA E2 vl Fe] WA A% A4LBYFTH
= 5'-nucleotidased] FAAAEAZE ¢&E F7 A
oz v e JPezM Ao F g4y
Z7% Feld oz A9 7 9§ Aoldh

2 Fo] 24 £ Ro] 5-nucleotidases} Fuj £x C
o Agsle e Aoz o, Cx 2 F49 24
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o]z C.R& ¥348go] He}. 28=n Cx dd o4

A R% del £33 EFFolgh. WA

1 A se] CREYE feljzdozy B

GGz Erid E QT Adg
ad,

0’2}' T2 Al e ey AgAFgdad sud
°z & F i

7B Mn*B] TEE (. 1lmM=2 2333z sodium de-
oxycholated] F2 g HAsle] RE BLEYSAA
ol 4] 235 5-nucleotidase® 4 & deoxycholate¥ =
o] wet Zxtatz w6 28 5-nucleotidased] T4
-Z71-¢2 sodium deoxycholate®] F=7} 73 =
2 7F£3te sodium deoxycholater} 20mgd W+ A
o Qell A A 6 2], o8] F Aste o FFH4
of & te] A==t

Mnt
C:R+De=C+R-D

<] 7] Dx deoxycholate® =& T A dc}. whats
_[C)(R-D]

“(CR] EDJ‘:K

[CR]

= KED] Xy (R-DJ
(CR)

[C] 2 ERAY A FHFY ¥ Eolmr o I
o] AA 5 548423 A A= 5-nucleotidased]
H4 e A FAd

ICR)
©c)

22 D7} 28 452 5-nucleotidased] #AH L A
&A= PAd oA Re] ez R-DY =&
tas=t, zde] ReDY Tk D2 roFEz

R-Dg| Fasl 2HeE DA Hew L%Q_] e

b AA @Al AF BaBYFohgol axwt DA A

e CE XL R R

g A6 % BHFII AY QA "ok
e Y B4 ARESe gaAd 9 2AgA A
-nucleotidase®] apparent Kmgt& ZA4dgov 2

zke] FA A 7t Vmaxs o =A o A 2ok 44|

oA A 2= FoAsY G 8 ). FA A Kmik
©] Zrh= AL F4EA7 deoxycholated] 9] 3te]

2 4T ks 98 ¥ gL g

Vmaxr} 202 & dzAnd €448 BHEL

FAg Tl the AL ougel. & olyd A

= 234 227} deoxycholated] o ste] B4 EAR

A= eokgt R A o

= R:Del u]eeltz Do Guls]dle}. g

o) A 24 e e ge] 45°CAA 14T F
ot sd & x4 EY 5 -nucleotidase@A & 0°Cel 2
Zz8 axA89 §-nucleotidasedy wcl o zA o A
= 16% ZAF9 T FAAAAE W Aelst gl
weta gAY F71E Re W4d 98 AHE
HAT & gz g4Ad4 Bl g Aex B
of Ci= odo] gtAslmz AH C F§ C+C-Rl & A
ol Wzl7} glote Ze] ", 2z 45°CAAE R
ulo] AulAor WAtz F¥ F vk

50°Cel 4] 1417k Eqb 7pdd £2A89 5 -nucleo-
tidase @4 & 0°Cl A n&2gd HLA89] 2R R} f
zAGAE 15%7 282 A NAE 80%7F AL
sgiel. ol = g9 50°Cel A LA 29 5-nucleo-
tidase® 4 & W) zA oA R FAANA K F 50%H
of FEA @gd. AF# Frke 0°C B o A
5/-nucleotidaserd o] WA Anct FAANA A
ZF 1009 Z-bedcte A4 e e A -
Aspol gt & 100% F7te 2 BLARFA Cst C-R
o w7} 1:19% 9nleba 50% Z7h# F& C4C-R
o v 2:19% grige. zH =R 50°Col M C
o} Re] %3 WA == Cucti Re] A4 o 2 H
g2 dAgE Ao obulst Azs

g) R LiEe 5/-nucleotidasew) 4 (specific ac-
tivity) & BFae A W F7 Z7h et o
Beae g-nuclectidase®d & o = o A xck
AANA o F 100% S dRld FRAFA 2
Ae dzAA Bet BAA A 70%%e et
g ( 6= 9 7E). ol Atz wel FEHAEY
e zA A st 2f9E sonifydte AR AA
Ro| olv] WA H Cr7l A% Aoz ADE T 4
= olo] = al# FH9F9 Cst C-Re} wlgol 1:1.1
ol@ Mol FubaglEe] CoF C-Re] v & 1:0.72
ez A74E $7F Aok

o] 48] m&z 3ol 5-nucleotidases] ZZAEZC]
Ayl 9k REE dyed 2 EFAE AAEIR
WA g o] RAS FYEFE FEA R A
471 9tz AAseh

5'-nucleotidase 3 74 o & zAEA LA
.28 o & cyclic AMPe] 93t A& protein
kinasee 4] $o}% 4 91t} (Chen & Walsh, 1971;

Brostrom et al., 1971).
Z protein kinase’= £ subunit(R) %} &= subunit

(C)s+2) #EM(C-R)ol= cyclic AMPel olsto] fRgE
se] Z43td
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HAE ForM o Ta8 RYFEe] A3 W45
C-R2X¥E fegdezd 2439 F5e: a3+
Re #8444 A deoxycholated] HFsle] C.REEF
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C-R+D=—=C+R-D (D= deoxycholate)

—ABSTRACT—

Mechanism for Increase in
5-Nucleotidase Activity of Rat Liver
Plasma Membrane upon Aging in vitro

Hong Keun Chung and Ki Yung Lee
Department of Biochemistry, College of Medicine, .

Seoul National University

5’-Nucleotidase is one of the marker enzymes for
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plasma membrane in subcellular fractionatien. In
recent years it is shown that the enzyme is mot only
important in its diagnostic value for hepatic meta-
static carcimoma, but also responsible for its regulation
of blood fiow through hydrelysis of AMP to adeno-
sine, a powerful vasodilator.

It was reported as well that its activity of plasma
membrane is ingreased upon aging the membrane.
While most enzymes bound to membranes decrease in
their activities upon aging the membranes in vitro, 5'-
nucleotidase activity is increased to the contrary under
the same condition. The present investigation was
carried out to elucidate the possible mechanism in-
volved in the phenomenon.

Plasma membrane was purified from rat liver ho-
mogenate by sucrose density gradient and was sus-
pended in isotonic¢ sucrose solution, part of which
was sonified and ultracentrifuged to obtain mem-
brane-free supernatant, and both samples were used
as enzyme sources. The behaviors of 5/-nucleotidase
were observed in the control system consisting of
substrate and buffer, and in the activation system
consisting of substrate, buffer, sodium deoxycholate,
and MnCl,,

The results obtained are summarized as follows.

1. From the results showing the increased activities
of 5-nucleotidase of both the plasma membrane
suspension and the membrane-free supernatant upon
aging the samples, it is concluded that it is inde-
pendent of the membrane structure but is due to
the property of enzyme molecule itself. The 5'-
nucleotidase activities of both the suspension and the
supernatant, measured in the activation system were
approximately 100% and 70% respectively higher
than those measured in the control system.

After incubation of the suspension at 45°C for 1
hour, the 5’-nucleotidase activity was increased by
16% in the control system, while it showed no
variation in the activation system.

2. The increase in 5'-nucletidase activity caused
with deoxycholate in the absence of Mn* in the
assay system was a very slow reaction but the reac-
tion reached immediately to a maximum in the
presence of Mn*,

3. Apparent Km values for 5'-nucleotidase mea-

sured with the same amount of suspension in the
control system and in the activation system iere
the same, 0.12mM but Vmax for the reaction was
about 2-fold greater in the activation system than
that measured in the control system.

4. The increase in 5'-nucleotidase activities of the
supension and the supernatant was directly depen-
dent on the concentration of deoxycholate in the
presence of Mn* in the assay system, while their
rates of increase upon aging the enzyme preparation
were inversely dependent on the concentration of
deoxycholate.

5. The above results may well be explained rea-
sonably by assuming the presence of a regulatory
substance, R being associated with the catalytic
enzyme molecule, C of 5’-nucleotidase; C, an active
form of the enzyme, whereas C.R, & latent form of
the enzyme.

From the foregoing results it can be inferred that
C could be a thermally stable protein, whereas R
may be a thermally unstable substance; the latter
being slowly denatured upon aging and released from
C-R, which leads eventually to the increase in active
form. It can also be inferred that R is released from
C:R by deoxycholate in the activation system for
which the follewing equdtion could be suggested.

Mn*

C+R+D=C+R-D(D, the molecule of
deoxycholate)
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