A-eBAEmE A2ld A4E
The Seoul Journal of Medicine
Vol. 21, No. 4, December, 1980

33 A=

43" 5-Nucleotidaseo] 54el A3t o7

Properties of 5’-Nucleotidase from Rat Liver Cell Plasma Membrane
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5/-Nucleotidase (5’-ribonucleotide phosphohydrolase,
EC 3.1.3.5)% 7% mononucleotide 7+F2 deoxyrib-
ose 3= ribose®] A 54 RES esterit = BTN
Ak s & 4] e} (Heppel & Hilmoe, 1963).

©] 5'-nucleotidaset= 1934y Reise] 9] 3}o] wbA s
oldl BWHANEL(Woo & Manery, 1975), LA E
(Rubio, 1973; Barr%, 1974), % W8i91m% (DePi-
erre & Karnovsky, 1974), #HS¥kMisras, 1974),
Hefu kR (Paglia & Valentine, 1975), Tg05Al 2 (Newby £-
1975), 1A X (Seng%, 1969; Gurd & Evans, 1974;
Riemer & Widnell, 1975), &l % (Bosmann & Pike,
1971; Frick & Lowenstein, 1976), B4l £ (Bu-
rger & Lowenstein, 1975), HeLa cell{Trams & Lau-
ter, 1974; Johnsen%, 1974), SMEEsHEA £ (Trams &
Lauter, 1974), chicken embryo @42 #81 (Bingham
& Burke, 1972), XBiH{(Dvorak & Heppel, 1968) %
Mt £ (Polya, 1975) %3 & ZEA 29 ¥ A=
o Aol 9o Wl whet Al 2EE g4
949892
24 3o o] 45 7]e o] 284 (Stein g, 1968; Berman
£, 1969; Avruch & Widnell, 1971; DePierre &
Karnovsky, 1973; Johnsen%, 1974). 5'-Nucleotid-
ase* 7+% mononucleotide® 5’-adenosine monophos-
phate(5’-AMP)¢l ¢ fpRite]l 713 oA (Stefa-
novics, 1976) E49 H4.& F2 o]l& HHRE Iy
zA8 3 gler] o# 5-AMPE o] &4dl odte 7
4 o) £

5-AMP + H,;0 — adenosine + pi

gt# 8 4J 5-nucleotidaser YAFH oz Y9
alkaline phosphatase?} 713 o] =z Q<qle] 44 el
AeA A deAs FEste Ady HER 9

el sl iBPRE A (marker enzyme)

/353 23 (Kowlessar¥, 1961; Gerlach & Hiby,
1974; Sherlock, 1975). o1& WA &A= alkaline
phosphatase 9} 5'-nuclectidaser} @#| ZF7latA = &2
3ol 43> 5-nucleotidaser} FE718tz] @ed df5E
Aeolcl, = A 5'-nucleotidaset Mol A
r-glutamyltransferases} §A 2 #HAo] Frlfern
el & #MBEFED g 2 Ad4 AR} F55H
i g (Kim¥%, 1977; Beck%, 1978).

f3¥d2e} 2 gs 5-nucleotidase’= FEF-9171 A
Zuleo s % ectoenzyme2E 13 T o whel(Riordan
& Slavik, 1974; Woo & Manery, 1975; Frick & Lo-
wenstein, 1976; Stefanovics, 1976) ©] 4= HllEs
#% 2 adenosinelfE 2 Histe Aoz Az &
1 adenosined- precapillary resistance vesselZ 43
g FHRTS MEBAAA 2A#e A{FE FHAA
FAA gagdAAz g i AdaAdge] g
W @EFest gotdA ERBIESE #4472 7Ll
v EEe d3E #4472 22 v g o {Rubio
& Berne, 1969; Dobson%, 1971).

o] &} 782 ALA & 5-nucleotidasert 4P Aol A G
H ectoenzyme2 24 7} = Fad AE9H BHES
ol & Al stz ek

dutH ez 4@l Agd B2 Rae 2 #
A2 BRE A8k BEHEEC dadtAv o st
59 o (Duttera®, 1968; Vessey & Zakim, 1970).
whet A g IR AR E 2 phospholipase (Abou-Issa & Clel-
and, 1971) =+ HESMH(Joergensen, 1974)2 #HlstA
v E o B4 A A (Kamataki & Kitagawa, 1973;
Chung & Lee, 1977) A A}l @] A3 A5
e EiE 2 B4 A Aitte Aoz 4y
#A k. =22} 5'-nucleotidasel= phospholipaset} (Em-
melot & Bos, 1968) & AEIZ (Evans & Gurd, 1972;
Chung & Lee, 1980) Adlgted® 2 #FA ] 743}~
e xad vk gl

& 5/-nucleotidasel ¥ A=tg 4°Ce HE T

s
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st AAE 2 840 Frigdm wasEdx(Kimg,
1979), olel =3 #i e 2 A b5'-nucleotidasec] o &
HEEAY 247 A" v gl (Chung & Lee,
1980). & FEiEAo) AY¥HW 5-nucleotidase= £
delo] wEA T =t Mg feidoezd ¥
480 4922 Wetd 5-nucleotidase?] 4 el
F7tehe Aeold =z Fkd w gl

e ol E7#AA 5-nucleotidased) EH L F2
WAl Add Yo =4 FA=x% e membrane-
free 5-nucleotidases] E4o] AfA+ dg A7
uhrt Glleh. = isoenzymes] EAd #HA=z =
4% FAF AANE 2HE ¢ =852 o Pil-
cher9} Scott(1967)7} bovine seminal-plasma 5’-nucle-
otidasedl 3719 isoenzymeo] ZEAdcvla B2l v )
A+t

oleldt A-E WiEeld AAEs ddA4dL FHEH
# 2] 8} 7] v} (Helenius & Simons, 1872;
1973; Kirkpatrick%, 1974) sonify3le] (Song%, 1968)
membrane-free 5'-nucleotidase® 4 gl oo o] & o] &
Bte] isoenzymefy 54 H R 4TH YA EHL T
A =G &I A v gl o} A9 AMmER
o 24 Axsld 2 A3E 2astE oot

Makino%-,

ez % YUY

EEREE

AFFERE A2od FEAdAddA A& w4
#17 Sprague-Dawley & & ot Tulgle] AH&3isdel.
74 AFL 2F 200~300ge) L 3 FebeloA

& e HES A F 8~10go A gyl o deE
AAAA & 4 E3o 32g HAx Had 4t
o ol el Agshsle

Sephadex G-200-& Pharmacia Fine Chemicals(Ups-
ala, Sweden)# & A}#3}% 3 5'-adenosine monophos-
phate (5’-AMP), adenosine diphosphate(ADP), ade-
nosine triphosphate(ATP), cyclic AMP, guanosine
diphosphate (GDP),
adenosine, guanosine, inosine ¥ 4:iF e ¥al & Sig-
ma Chem. Co.(St. Louis, Mo., U.S.A. )82 AL-83}9
25 tris-hydroxymethyl amincethane({Tris), trichlo-

guanosine triphosphate(GTP),

roacetic acid(TCA), acrylamide, bisacrylamide, sodi-
um deoxycholate(SDC), sodium dodecyl sulfate (SDS)
9 Triton X-1002 Merck Co.(Darmstadt, Germany)
#], =2 3 sucroses} 9] 48 Kanto Chem.
Co.(Tokyo, Japan)®& 27 AL§3}3i et

FF homogenate X =¥
39 ke At dYE AAT F 54
78 A Zebe 32g¢ P74 0.25M sucrose £
A A2 FA Ageddst AYTEE AAGA S5
o 2 gl oz 33 utEsld A A 3lx Potter-Elve:
hjem homogenizer2 homogenized}4 o
ol % F39 Az old, AIBHSET AASz o
7l o} 0.25M sucrose &9 -& A 7leted 10%(W/V) ho-
mogenateE wE3] =}
MicrosomeF¥ 2 X =Y
A Ful®E 10% homogenated 4% o A T HE S
A A7 S8t 600xg2 10¥7 EWSMED F =
L% A 10,000% g(MSE Centriscan 75, 8x50
ml, fixed angle rotor) & 1047 Mk mEEste LW
< 3§ o= mitochondriad A At} o LW
& 4] 100, 000x g(MSE Centriscan 75, 8X50ml, fi-
xed angle rotor) 2 60% E<b MioMsld LHRS
el e HAPesA vesiclefle 93 At
245 microsomeZ & A5l o] & F84%% l4mlst
Slii 0.25M sucrose 8 of BikA A microsome’Ri
e =HE9l o).
Sonificationtty
Slel Al ol microsomeF K& Song % (1968)¢]
wief wel Sonifier, Model WI185(Heat Systems-
Ultra Sonic Inc.) & AFE3to] Kilf<elA 30 4o
E 387 sonifydt et <& 140, 000x g(MSE Centr-
iscan 75, 5.5mlx6, swing out rotor) 2 60% Tk &
WomEste = biERE Helg
Membrane-free 5’-nucleotidase2] H =
Membrane-free 5/-nucleotidased 7] $3ld = o
A 2o} microsomeB g2 ] 9 fFR (Helenius &
Simons, 1972; Makino%, 1973; Kirkpatrik%, 1974)
& WEH &g Po] 2 Aol FIGEE gl &
ez A3y
%, ool SDCE 40mMe] =12 F sleld WEHS
2444 A& 1.5mlE 20mM SDC-20mM Tris, pH
9.22 Y& <] & Sephadex G-200 column (12X 600
mm)o] HEMFT e FYow pHsg .
EHHES £Y 437 (Ultrorac [, LKB, Sweden) s
Agadgd 4aml¥ FA s es old UV-spectropho-
tometer (Uvicord S. LKB, Sweden)el 9 &}« 52 280
nmel A gl Ao BHEE &4 o
7t AR aLB4E S B4 £ 19
st Bo} LERIE Lo Yol sucrose A 22 SFFH
¢ 5&244
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o) 2t} 20mM Tris, pH7.589 2 2 388 o] &
2 columng 34 HHitezs SDCE AAR
membrane-free 5'-nucleotidase % < ¢l t}.

5'-Nucletidase®| FH&XY

A0 FEHEMEREOSM Tris, pH 7.58% 0] Im
M5 -AMPE d7teta ¢ 7]e 248 0. ImlE 7bs
o Foige] 2mlyt H &5 24519 oH(Segal, 1960).
q7e o4& £ °] A e FEagel = i Fe o
EE Bk @ee Zad g shgt Azte 2Ry A
Zale 30°Cel /ﬂ 3087} incubation®lgd = 30% TCA
0.5mlE 7}tema A A7, =28y Triton X-100
L 2= WEFRAAE 60% TCAR 4§ A A
AAx SDSE 2 itete MERAAE 0.1M MgCIz%
THe= 30% TCAZ wg-S FAAZ e olw ik

SrEEd & $9 @ EFEE A7 slgtel g

F40] 3b4 e 5-nucleotidased] ¢ 3ste] H-AMPZ
2E fels]e] o EERS Fiskest SubbaRow
(1957) 2 2 w3 660nmel A &) WMEEE A Foa
27 89l ot

HEAPAS W9 1A 2E gkl AMPR L lpmole
o) fmigie felsted Yad Ase) Y-S lunit
2 Az itk (specific activity) & A 4ol o] o
WA cks) meel] A ALPYor TAGYeH A
A9 AdF W Ee 9] ERMIESE HERZ
o] EaERR v gl

CHU EI MY

7 A 59 AL Lowry(1951 9 ol whet A&
gz TEg AR E o] Kjeldahlometry g 2 223
Fg A0 5 4 pE g A8t o

Polyacrylamide gelZ7{ 3 S 2 MY
7.5% acrylamide$} 0.29% bisacrylamide & &8}«
+ polyacrylamide gel®(0.5x7.5cm)ol &4 A 5 8
“A]CS/‘J-] A ¢l 0.5% bromphenol blued #§ 3= 40%
sucrose &4 2 2: 19 FABILE Fitetd gel$ld Tl
st Aol Asick fGEW 3.5mAS] AFE WL F
o meA ad Zd7]°é 5% #(Smith, 1968) gel& #F
ol 4 el Pilcherst Scott(1967)9) W ee g4
%t

A4 ImM AMP&} 20mM CaCl; 9 50mM Tris, pH
7.5% a8 Solel 4 30°C2 147 incubationgh
% 3mM Pb(NOs);& = %3l 80mM Tris-maleate,
pH 7.089 ¢ A 37°C2 45%- 7} incubationd}dd c}.

wEHDA &L FE AAEA Hdd TR F3
d A & 2% (NH)S-&Aell 4 5271 incubation
Fde 24 5-nucleotidaser} 33} 292 PbSY B

enBe s FEs g ol

d 8 2 o

Microsome el 40mMe] = %% SDCE s}etel
RS £ o 20mM SDC-20mM  Tris, pH
9.28¢ e 2 B3YS& ol F- Sephadex G-200 columng
ot o] Rdsl ALE #e Ldeoz giedA
#t2 280nmel A} bl o] g e s 2 us
of w8te] 5'-nucleotidases] ﬁj 8l PRt e) pho. &
AR A A1zl 2o
’~Nucleotidase ! 4 8- void volumes] 4 i} A
%}'Eh: sl 7ol At peakel A 2brista WAL e)
PEIRELS Pl 8 A peakst ol = H ot &
o] IR 5-nucleotidase 34 7 91 A B} 18] o
5 E ] ¢l 5 -nucleotidaset: NS 88 = g
W 29l & oF 4 glalef 5 nuclcotldaseol Mot e i
g @el S7hatel whel Fodd g Gual mge
3~6unit®] W-EE R Ly 'fnuclcotldase—‘if T %3}
TR e Bl e A mgd e 0. 2pm-

ole¢] &t}

5 -Nucleotidase2| & x|

]Ai Q1 & membrane-free 5'-nucleotidase -] &
SDC? Egele gloer @ ol S 0.02M Tris, pH 7.5
Gl o2 MEE o]V Sephadex G-200 column®- -3}
o il# e i4 membrane-free, SDC-free 3'-nucleot-
idase®] Aii% Ak, A1 TelA Bz upgp e,
10% homogenates) 21 S'nucleotidaset= 34 2 k9] mg
vt 0. 423unite) 8l 3 microsome - # ol A 12 1,022 4 2.4

W Fo sl

7h=] ol v
Iseenzymef) EY

Sonificationo] o] &bed gyl gy fFu]x 5/-
nucleotidaseA] & 5 polyacrylamide gel 4ol 4] =7 } &
sto] g Axiz A 2% Aol B ubst b 4
58 AT gel HARA JHY A bz 2 TH
of F71#] iscenzyme band”} viziukeh, @1 Al A &
e %o Au% SDCE A0 & A2 ArdF
AHA 2= Blell 4= dlband(RADE 27 naA)
7t Ael wiske el FAl s Am A 2band (47 o
T EEZF A0 A Ao gt AEa @A
leb, 22l gel H e Ad wate] o § odA o
A = 5l o

E=q A1 =el A FEHAEFR dmldl A 2miAA &

§eta 12mlo A 24mlAA & § 2 44 A7 dF

gelih B Hii ol ’*i =

Holne @ 12u) F
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Absorbance of protein at 280nm _

2 r » A recorded by automatic collector
.r—qf: B —0——0—— Activity of 5'-nucleotidase
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Fig. 1. Gel filtration of rat liver microsomal suspension on Sephadex G-200 equilibrated with 20mM sodium
deoxycholate-20mM Tris, pH §.2 buffer solution. Phospholipid was expressed as inorganic phosphorus

determined after digestion of the eluate in 5N H;S0, with aid of H.0,.

Table 1. Partial purification of 5-nucleotidase
from rat liver

7 7Specifizﬁactivity' Purifica-
(unit*/mg of protein)} tion fold

10% Homogenate® 0. 423 1.0
Microsomal fraction® 1.02 2.4
Gel filtration eluate® 5.10 12.0

a. 5’-Nucleotidase activity was measured at 30°C with
1mM of AMP in 0.05M Tris, pH 7.5, and the
liberated inorganic phosphate was measured by the
method of Fiske and SubbaRow.

b. One unit of activity was defined as that amount of
enzyme which hydrolyzes 1ymole of AMP per hour.

c. Rat liver was homogenized in 0. 25M sucrose with
Potter-Elvehjem homogenizer to be 10% (w/v)
homogenate.

d. Microsomal fraction refers to the pellets obtained
by centrifugation of postmitochondrial supernatant
at 100,000 x g for 1 hour.

e. Microsomal suspension was solubilized with 40mM
sodium deoxycholate and it was eluted on Sepha-
dex G-200 column(12 X 60mm) equilibrated with
20mM sodium deoxycholate, 0.02M Tris, pH 9.2
and the resultant solution was reeluted on the
same column equilibrated with 0.02M Tris, pH
7.5. Thus, the membrane-free and deoxycholate-
free eluate was expressed as Gel filtration eluate.

[P

Fig. 2. Polyacrylamide gel electrophoretogram.

A. Supernatant by centrifugation of sonified micros-
omal suspension at 100,006 Xg for 1 hour.

B. The above supernatant solubilized with 10mM
sodium deoxycholate.

C. The pooled fraction from elution volume 4ml to
12ml as shown in Fig. 1.

D. The pooled fraction from elution volume I2ml to
24ml as shown in Fig. 1.

The polyacrylamide gel electrophoresis was perfor-
med on the gel containing 7. 5% acrylamide and 0. 2%
bisacrylamide by the procedure of Smith(1968). After
electrophoresis, the gels were incubated in the solu-
tion containing 1mM AMP, 0.05M Tris, pH 7.5 and
20mA CaCl,. The gels were then immersed in 3mM
Pb(Noy); and in 2% (NH,); S consecutively to con-
vert calcium phosphate formed during the incubation
to visible lead sulphide.
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s A 2% Co DY A5
Aol & A lband=t el
o Alband?] ¢} EHF=7}
g
#ik (aging) 7t 5'-Nucleotidase@ 40| n|x|= &
4°Ce} Az K
2R A A=

ddvt. o] F AALE
Al 2bandi= MelA %<k
Cell v]3}ed Dol A} <3k

Membrane-free 5-nucleotidase®
B3 24407 A e Y&

AA 2E vheh el A7l Ao we z gl
PEE LTS
1008 \\
?\\5\
R H\\\.,
§
:Ei;
: M
=
S
&
o N
190 hour

Line, hour

Fig. 3. Measurement for membranc-free 5’-nucleoti-
dase activity during aging at 4°C.
WN pH

M pHE WahkA 7494 membrane-free 5-nu-
cleotidase®] HA & HAF A, A4 x4 BE v
st ol H# pHE 8.001 o =& Mol e 2 8
Ao] v g dgrov gzt i
4 A A=k

B vz

Ensyme preparation { unit/ml )}

i A
9.0 16.0
pH

Fig. 4. Optimum pH of membrane-free 5'-nucleotidase.

5’-Nucleotidase from rat liver—

2tE Nucleotide 3 Nucleoside?} 5'-Nucleoti-
dase A0 AR SE
%29 nucleotide$} nucleoside® 0.2mMe] 2 &
B4 EHIESRA A4 At ¥, Aafdd 9%
plELE 4% A3e A 239 v ADPS M
HEAsr 66% % 7H¢ A ATP 31%, GDP 20%,
GTP 12%9¢ #92 2 veudz, nucleosideFo| = ade-
nosinee] 4%% I guanosine, inosine® U E )7}
glal e cyclic AMPE of 78l of ¢ mlA A o3
ol ¢}, <] 9} 7o) adenine nuclectide™ guanine nucleo-
tidew v} & PRER}E wolouwl diphosphatel trip-
hosphtex v} of & BHELAZ] AL ¢ 5 A9+

Table 2. Effect of nucleotides and nucleosides on
membrane-free 5/- nucleoudase act1v1ty

Additive Relative mhlbmon(/)
ADP 66
ATP 31
GDP 20
GTP 12
Adenosine 4
Guanosine 0
Inosine 0
Cyclic AMP 0

Addtives were added to be 0. ZmM in the enzyme
assay system respectively, Relative inhibition was
cxpressed as the decrease(Z) in activity relative to
the activity measured in the absence of the additives.

5'-Nucleotidase #40i ci# EDTAY &
A 5xe4 2= ulg} 7ol 5'~nucleotidase= EDTA

100%
i
e
e
el
Q
o
I 500
i
W
0
x!
B

A 2 'l'x "
0 5mM 10mM 5N 100mh

Zeoncertiration of EDTA
Fig. 5. Effect of EDTA on membrane-free 5'-nucl-
eotidase.
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o 93l HAFH MAEE wol ImMS Fxd A 5-
nucleotidase®] ¥ L 50%A = ZFLFH = 100mMel
A BBAEE A FFasAt.
WO 20| ELHN ARl 2

AfEelA L= vheh o] ImMS) EDTA<] 9 st
Er¥Ho] 50%A4 = FAastg g = Mgttg AHsbsid
Aol otA Frlatgl 2z EDTA¥ 24 ol A =] Mgt
FEAAE aLBYol FHRRez 3 5=,

EDTA7 =35 4-& fiEked Mgttg A7stgl
£ @ SmMel A Aol g 5% Frsget
Mg F2% o F7AAE o )48 BPFAA=
Belx ggkch

A 7 %% Mntte] 2]§ 5'-nucleotidase ¥4 F715
Bl e ol Mntte Mghtad g4 F& 0.01~
0. lmM®] Fz2A 10mMe Mgttt A9 g Ax
B EEEAS FoAZeY 94 FEE 2 o ez
FAE ¥ o) Frhe flled, 1mM o) 4ol A=
8le AABAYo] Fadeld.

—§—p— without EDTA

with 1mM EDTA

_'——b\“y’l\*

Relative enzyme activity

Lu

L . /L i

5 1. o
++

ug . oM

Fig. 6. Effect of Mg** on membrane-free 5-nucle-
otidase in the presence and absence of 1mM

EDTA.
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Fig. 7. Effect of Mn** on membrane-free 5'-nucle-
otidase.

Z4E %M (detergent) 7l Membrane-free 5'-
Nucleotidase R0 0|x| = FE&k

BRES S04 FHes Adde AT K

A2 948494 5-Nucleotidase®) 4 —

% 713 g2l 2ol & Triton X-100, SDS 9 SDCH
%o wE 5h-nucleotidases] EHEE FAE
A e 7z A8,9,105 9 3+l Triton X-100& 0.1%
9 Pe FraA 5% 20%7tEF AsA7eq

1h0 p
S
5 120 |
ke
o
d
e
W
b
» 100
E
(3]
£
@
o
e
pot
!
L
—
& P
N .
0 1 5%

Triton X-100, % {v/v}

Fig. 8. Effect of Triton X-100 on membrane-free
5-nucleotidase.

.

+ L

Sodlun dodecyl sulfute, me/ml

Fig. 8. Effect of sodium dodecyl sulfate on memb-
rane-free 5'-nucleotidase.

"
F

enzyme astiviir
—

elative

L

Fig. 10. Effect of sodium deoxycholate on membr-
ane-free 5’-nucleotidase.
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TEE O 4 FANAE BLGYR e ZieA
s¥3kel.

=® SDSE 2 $E% /A4 oz 0.8mg/ml
AT A% B8-S FAANA % 20%9) Etan
F oEGoy axc ¥ ¥e A 038 @4
T4 T4 L

22 SDCE 2 ¥ =% F421 4 vet 2 5mg/ml
AAE EARYE Z/MAA A 309 Zlaze
BEy 2ud ¥ ¥& FRAdAE 549 4L o
7 ZraA # e

ol 43 el AFY HEME THA AU BE
BB A ELDH L 20~30%8 % Z51A 7

MO 2T FEML RS

e A 7tA HEHE &Ecles RSt S
A 3RAAY BRe] BLBAY Fo7t WS dAsy
th. 0.ImM Mnt*& 2.5mg/mle] SDCs} @A A28
T AF BB Ty 2%y FrletglaL o) % SDS
o A ALPE A eE 38%, Triton X-1007 &4
ALY -& A ee 33%9 F1E ngeh @1 Mgtte
SDCsel WiEe F4¢ez HIHT + dsdes, SDC
# Triten X-100= $tAME =@l Mot AN
Qe Ao v sted A oz 38%9) 36%9] FstE B
o=

HRR W RN A 30°CH HEE Membrane-

free 5'-Nucleotidasegjt 82| A|Zt0| D2 ©i5}

50mM Tris, pH 7.5¢ 1mM AMPRFS T @3l s &
LEHNERE HBRE 2 old 2.5mg/mle) SDS
st 0.1mM Mn**& HAA% AL ELRET gt o
T RERR 30°CT2z AT A% FAGeA 2
Table 3. Relative increases in membrane-free 5'-

nucleotidase activities by detergent only
and detergent combined with metallic ion

Triton

Sodium Sodium

" Detergent
. deoxycholate dodecyl sulfate

(2.5mg/ml of (0.4mg/ml of X-100
. enzyme assay enzyme assay
Metallic ion\medium) medium) (1%, v/v)
None 31% 23% 22%
0. lmM* Mn** 929 33% 33%
10mM* Mg*+ (—)** 38% 36%

Relative increases in 5-nucleotidase activities by
the additives were expressed as the increase (%) in
activity relative to the activity measured in absence
of the additives.

* indicates the final concentration of the ion in the

enzyme assay medium.

** 10mM Mg** precipitates sodium deoxycholate,

e’
/

¥
b —
i
el
©
o
9
&
7 100 o a
£ e
Il o
=
el
e
T
it
)
I
] 4 1
Treybation tine oy 00T, hoor

Fig. 11. Measurement for membrane-free 5'-nucleti-
dase activity in control system and in acti-
vation system during incubation at 30°C.
(O——C : Control system(100gmoles of Tris,

pH 7.5+2pmoles of 5'-AMP in
2ml)

: Activationsystem (100gmoles of
Tris, pH 7.54+2pmoles of 5-
AMP+5mg SDCH0. 2¢moles of
Mn** in 2ml)

Fig. 12. Lineweaver-Burk plot of membrane-free 5/~
nucleotidase activity measured in the control
system(O——) and in the activation
system( X ——x ), Substrate was expressed
as the reciprocal of concentration of 5'-
AMP in mM and velocity was expressed
as the reciprocal of absorbance measured
by Fiske and Subba Row method.

BEYYE G A4 AU 2= voh o
of Aakgel weh BB AN Do
o W HER ALt EF A Kz
wel astt A4S B & g
HER S EMALRN MO Kyil
Be Fe BAE ASohd BEF D EELFRA A
AMPS] Fxo e} a484de 246z o] 2 AI25

A

N
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9} 7to] Lineweaver-Burkel] & plotdle] Michaelis-
Menten’.‘ﬁﬁ(KM)Q’r —%1 LS u]’ = d-‘E_(anx) = Tﬁ}ﬁu}

. °] “ﬂ F ;ﬁg] Ku2 0. 15mMiH oéz] E"Dil Vmax

BT A 2 AL we Aoz vy

i ) #

5’-nucleotidase= Z}% mononuclectide® A7 M

g & Qe w& ARk (specificity) & 7FAlz gl A
2 mebd o] EAE isoenzymeo . FE[3HT B
o wde] gl ert(Kowlessars, 1959; Barka, 1961;

Bernsohn & Barron, 1964; Llsowskl, 1966) wl ¥-£- ¢
A4 2 AL dAsA Zetggleh. 24 Pileher
9} Scott(1967) = 5'-nucleotidase & polyacrylamide gel
A A7 GEE T Fol )& Ayt LSS A
4hgled, bovine seminal-plasma 5'-nucleotidasec] & 3
A4 isoenzymeeo] ZA@lm B e

2 Ago A o e & o] Fald] A N4
% 93 Aate] 33" 5-nucleotidase & isoenzyme 2 5
releten Ardgd u, A 25s) ge] FAHY iso-
enzyme band¥ FAslich Ay Aute] Aol 3l
= 5-nucleotidaser = AF2AE FFE 5+ 2
7] # 5o A719 %A polyacrylamide gel®& &3l
23le A2 s TET gel HAFAL A0
vteta g2t A Felg 5-nucleotidaser EF ¢
71 g8t 1A g Wil sonificationd @ 3HA
% Aoleh ol A AA A4 L 5le] membrane-
free 5'-nucleotidase® ¥-& A AAAHAA D5
isoenzyme?] A=AZFEA & WA G = 917 A Fo] et

A 2% AcjAl 9} 7te] sonifydk EiF#e 5'-nucleo-
tidase # 7] £ Alol = F71 2 isoenzyme band9 o] gel
AA407 AstA F4= g v o] A& isoenzyme band
77 2l B 6-nucleotidase® 2 olef € Aol
o, 2 FAR AcA g H2L e A% SDCE A
23t Foll ol FAAGES AL BolAt gel A4
71 Aol wste] g dA - l%_ wkd A 1 band7k
A o AskA A= AGE A . o] & SDCz A
] gell W}\‘—} -5 isoenzymeo] M%EE] A 93 A 1band

2 o5 Aoz ¥ 4 gl 22l Pilchers) Scott
(1967) = gcl-»] AR e jsoenzyme bandZ Fdle] =
z5hg vt

%% Evansgt Gurd(1973)+ vi¥4 2 9847
234 H-nucleotidase® h & 172 AATI o &
polyacrylamide gel@71d 5@ ¥ gel® HAxtsted %4
139 5'-nucleotidgse T4 & FA3H e A2= B

8} 8l &8A A 1bandol A Ha¥AHol EU=Z A2
bande]l 4 & vtz Bz 2yl EE 1R
£ isoenzymeo 2 A= & A %5 dimerdl 5-nucleoti-
dase(® 1 band)»} %4 % 9l monomer 5-nucleotidase
(A 2band) 2 $&# = HAez ddsgle

A A 1EdAY BHAE imlsie 12mlA &
e A5 HHAE 12ml¥d 24amlAAE §@ AS
#72e) A7 %4 Co Dl A& A 1bands 23 =,
A 2bandt wolx @rgie}. o] el SDCEA 3ol 4
geldiA% & membrane-free 5-nucleotidases] A7
dF Ao A A 2band7t RelA g AL FAR 4
2 gel@i@s}A el A A 2band®] isoenzymeo] SDCel
Togsld w4 Hez Az C DA AL
bande ¢] FA#H7 G& AL Al1xed 2wt
2ol 2 Nz HEESEEEC 4% zoz 4449
c}.

g Ante] A3d 5-nucleotidaser YLHF AT B
Fard vz EHes = A 27 25 small vesicle
ql  microsome® 8] 5'-nucleotidase® 4 &  10mM
Mgt o3t W ek 20% A5 gvkz 2z o e
(Kim %, 1979). z&v Al 6 oA i ubsh o
membrane-free 5 -nucleotidase’l Mg**el ¢ 3sle] = 2
5%9 B4 ZAE ngch o] 24 5'-nucleotidase= 7t
AAgF AL HFzd wet Mgt fstd Ei
fed = A=7 debd e & 5 ek

A 5 %ol A 2 whbet 7o) 5'-nucleotidase chelat-
ing agenty] EDTA«| 9 3o} vl $- 742 3] S A=
E. coli®] 5'-nucleotidase’t Zn**& ¥ §3t& metallo-
enzyme(Dvorak & Heppel, 1967)%¢] 2 nd A& 7
gzl #3 MAZ 2847 5'nucleotidase=  ©] &
$abatAl Znt S &BE TH3tE metalloenzymedd
Aoz Azs, o] A7t chelating agentgl EDTA
d ¢t AAHE MEHE A4 ol ALAeH=
s}l et EDTA) oebed [AmS Tark Mg'™& A7
ol weh = gHge] HEHE A4 EDTA A7
2 Mg 3 chelate® 4oz 425 Fe5
£ Aoz Axsr EDTAZ saAdE HAA7 €
AL opas AS dFs

EDTAc| o & FEEmuhEsT Mghtel =lste] B vt
= A& ImMe EDTAE AM#3td subeellular fra-
ctionation% 2 # (Avruch & Wallach, 1970; Brothe-
rus & Renkonen, 1977) #] ¢ §&3}4 <& 7 4
g Aoz A7, imM EDTA¥E 5-nucleotidase
$492 50%4 % fEs=2 EDTAE AH4% subcell-
ular fractionation# A« A WA EBIFTLRA
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5-nucleotidased] #4 ¢ FAds A& 433 o
7t A& Aoz YAdd wAA oo o545 WA
7] f12te] A 6ol et 2 wgd] EDTAS®
& 5ol 4ol Mgttg& AHzbsls Aol wEd A

A 7HE o,

ARGl A3 B 5L R Y] g4 BH
< 44 BREE 242 d9 = oo ditg 2
Bl HEE = ez o] 9l (Duttera®, 1968;
Zakim, 1970; Vessey & Zakim, 1971). e} A |IRH
& AASAY £ BEE A4 B AFA A
Fgo AaEe 2 ¥4 A3 Fagc A% F
@ uridine diphosphate glucuronyl transferasei= ph-
ospholipase®] A2 2 RiEdfbs = oo wHA BEE
< Arbstd 2 B4 I Es o (Attwood S, 1971).
2] v} 5'-nucleotidaset Q1 FA G & phospholipase C
2 A2lslA v £+ butanol-ether$rf 2 JEISH S A
Asld m 2 #H4d = WEst ¢l e (Emmelot & Bos,
1968), WMz BURHE Sdsid = $4Yo 28 3
S7Me ot Bsesl uk A (Chung & Lee, 1980).

wet4 5'-nucleotidasets &2 34 BWHLS HAdE
BEAREe 983y Rezw 25y & 3xd 93
= membrane-free 5'-nucleotidase: o] & Hii&E §o] o
ek 2 gygol A FadtE Aoz Beb BITHE
5-nucleotidase®] BLEED T3 Ao g dd,

9 Chung%(1980)) Bm#t ube} olabyd 1837
gtof A 3% 5'-nucleotidase: ] § Wl kA S o
& AA 7 $Asel £ 5 -nucleotidased] #H4H L T
A @5t 288 Fohskg ek olol # @Hoz o
= 5-nucleotidase®] FHIEA L A% AUk M@
of @& B4£RHEE b Aol AFAL F
FEEde] AFs 5-nucleotidase= B34l B
o oot WEEAC AAE felgd ERYEat
a4z Hite AR 2E B AT Y] FA3E
Hoez A&t

Zev o] HEigde WA B HEAAE
deldl o doleh AAE £ H47e 53l 5 -nucle-
otidases] FMIEH el ZAT /b4 & A4 Faeg
3] B3] JEY FtedE R"EHE F4E Il
g Al 1zelA B uksh o] w RIS IR &
HAR 40ml vl el A HHE A ks @K e
12ml W 2]o] A 5'-nucleotidasesl ¥4 M=z 9l el
ARE AHF A A 24 mge o2 0. 2umole
o} el =] A2 Gt

% Evans®} Gurd(1973) #H¥Mel N-dodecyl
sarcosinate & Al-&3}od 17w) 2 A A & 5-nucleotidase =

RS 2334 g9ds F3s1: wigdol Lelievres
(1977)2 French pressureo] 93t W =} sucrose den-
sity gradient®$ 2 2 40~90v A A ¥ 5’-nucleotidase
© 2 A4 E 224 sphingomyeling T #dciz »
2o et o)k Ze] o] &£ 5-nucleotidases] 74
B atd Al wug ol

B AN Ad geliliBHize Heleniusel Sim-
0ns%—(1972\0] Aokt WS B e A ul o

X stroma°1 f#%tl“’f’i shal 2 2 pv] 79 g}
7{361 WA glaleh A Ae Forgin
Ayl Aa gelpiii= °ll 4l %'-nucleotidase % g4
s gl 9 el B A2E T AL 5
nucleotidaser} T4 4o 74 BiREe Ho3z 9
&% mEste Ao

ol gt & BHIFEL) 5 -nucleotidase®] FiEiE-A el 2}
o F el A ele]l A% WHER o ete] BREEHEE
A 224 5 -nucleotidases] A o] %718 Ao
Z AAds, 2 AYATAL G 10%)i= T o &
# 4 dH sz Qo

=3 Bl 2¢l Mg*tst Mn' el ¢ &e] 5'-nucleo-
tidasest 84 3l5) &= A £ = 5'-nucleotidase?] GBS
of wtet &L obeld FHEHY £ &8 HHBY
9 5'-nucleotidase®] #HAZ7t:= 8 & Aoz 7
Hu B AdY A3 8) o F Q5 F Ao
F o'-nucleotidased] @42 7tF Al A7 =
EAGHEIE R GEEE T )= BTl Smge]l SDCe
0. 2gmole?] Mn't& Z#A % Ao RIS &
A= 5’—nucleotidase?§*'ﬁi% HRDAA w 92% =
9&‘1‘ 2 Fe HASI: EHLRC @EgiEaq

HE 7}7& Bz §eA7 5 gtz s

kil ’é‘ﬁ"] 7t @ Aelrl

G Rz BEEA S 58z FulAl 4 4
7Y AR E Hass] ¢ skl WRA 1T Fol A
5’-nucleotidase®] Kumfilig =7 3tdw vl Adlzzs} 7
o] F HAA Kuffit UL Vmaxl ifitk{bFel A §
BFREd A Sl zh wokel. &5 F FKdlAd 238
KufZ7} #ohE Ab4 & Fifb%e 5-nucleotidase?]
duf Az o gs wlAA oL ov)eln FE
el A 48 Voaxrt HEFREYG SB35 Fo13)
Arbe AL AR A4e AEslgede 273z
Y Arrt EmE oA BERR g Fe 2 Folet
"1—*‘ ou gt F {E’tﬁ:‘ftff\E FHAEQ

vy EEEAE Aoz 24 Ea

%"7}" e ez ?331*—‘]1’& TF = Aok

=g REEAY ZAE oS AT A4E A
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11ze]4 2 4 9. 5-Nucleotidased 30°Cel A 1K
B A HRHKRS iEMERE 5 -nucleotidase® %73
A AadAed gtd AR wtEs #4447
< HFFRE T BRI A w5t

whe} M bR A% 2P FNA Fwd] A2
A A e o Aol#l E&EAV WA
Heol 2 A a el ot Ak BE #4702
£ F FolA zopol & Aok, e o]e] wld}
o BGel A 4G4 L] o shikstee A2 B

A ZAET AR TerzA A9l" F Q4 &
30°Ce fE& 5/-nucleotidase A 7te] 7 A iel ot
2t W4 g A 2 BAFs gtastd 349 A
A FEEAe] HEBEBHMEAD Addezr Ko
WA &g 4% o Ax BEsld Foz 2 7
afol EHfbRuel dnis Aeor A€ 5 gl

o] 24 5'-nucleotidase®] HWEFETAS ZA7 A&
o5 #AA8 dm 2 FA REY FHe4 L mudlte

she] .
z E

5’-nucleotidasets ZFA £9 P Aqte] A5 o
A€ ectoenyme2 2 &l Aol w2} subcellular fracti-
onationZ Aol A HPFAtRL YL Aty BYE2
de] o) &7 oj2y el o] i FYAT KB
R¥EE Yl 22 iscenzymeffy E 4] P& Hom
ZIRE = vl o] HAF FAE 22y FHL =8
t}. 5'-nucleotidase= 3 o} o] 22 A AN KE
ol whet 2 #4go] AAd Frlste Aoz may
Sz ool Tt Mo ® o o AFHA oW WM
Ede] F4¥Y L FEisielels Ado] Agd w9

AAe & AgelA 33 (Sprague-DawleyF )7k
43 dArte 23y EKRES A A% membrane-free 5'-
nucleotidase® 2& WL =2 o] & o] &5} isoenzyme
8 EFAGEE T3tz BATHFAZNE d T8
Ashgvh, = H I AgR B 54 FHAHHEA
o 2A¢ detstzA 9" AP ald JLs
Ze A58 a3+

1. Sonificatione. @ < £ membrane-free 5 -nucleo-
tidaseo] 4] polyacrylamide gel& o143 disk A7) 5
2.2 249 isoenzyme band@ o734}

2. T homogenated differential centrifugationdt 3
20mM 3DC-20mM Tris, pH9.22 %8 & o] & Sepha-
dex G-200 columne 2 geli§i®sle] <& membrane-

free 5'-nucleotidase?] F.4 4 2% [ homogenates] ¥

g 2 ¥4 12w Egt+

3. Mn*tg 0.01~0.0lmM¢ @& Fz2 10mM
Mgttt 22 A= (5%)9 i4+84 3715 el

4. EDTAE 484 ¢ 34 [HEstded EDTA
Ferc o ¥ Fro Mghe slejdd Ax¥4E
ke 2 2 5= 9l

5. 5-Nucleotidase: adenine nucleotidese] &} 8}
guanine nucleotides®. ¢} 2 PiE= ¢l = diphosphate
7} triphosphate® v} [HEE & 77} 31 27 nucleosidesel
St & A ohshas

6. Membrane-free 5’-nucleotidase?] i@ pH= 8.0
olgles Kuffis 0. 15mMe] e,

7. Membrane-free 5’-nucleotidase= = F4 A4 &2
E OHBREE &%3z 929, sodium dodecyl sulfate
(SDS), sodium deoxycholate(SDC) @ Triton X-100
o g AAF HER ddte @A) Fotstddd. A
4wt g o] 4= 5mgd) SDC 0.2 pmoled] Mn*+
& TRt EEERA A BEREG A oo
v KufEis 5 RedA dAsd . @4 30°Col A &
EY Az HER 9 SHbRdAe) 2494 F
HAbshol A of wheal Zbasiele

ol A e ANE L#E 3l 2 o 5-nucleotidase
o #fso dv HIEARE o 249 HHEIR A
i e HEE 4 &Bel Lol 3ld ofFe] AAEHE
H frelsd £84e a7 B4Hoz Ho| H40
BAol ax Fodte Aew EFESA

—ABSTRACT—

Properties of 5-Nucleotidase from Rat
Liver Cell Plasma Membrane

*Kwang Hyun Kim, *Man Kee Paik,
**Hong Keun Chung, and
**Seung-Won Kimm

*Department of Otolaryngology and
** Department of Biockemistry, College of Medicine,
Seoul National University

5’-Nucleotidase has been shown to be localized in
the plasma membranes of various cell types. It is
widely used as a marker enzyme for plasma membr-

ane in subcellular fractionation. It has been reported
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as well that 5-nucleotidase has broad specificities for
nucleotide 5’-monophosphates.

Attempts have been made for such a reason to re-
solve this enzyme into isoenzymes, but in most cases
evidences for isoenzymes were not obtained.

5’-Nucleotidase has been reported recently to incr-
ease in its activity upon aging the plasma membrane
fraction in vitro at low temperature. A mechanism
involved for the increase has been put foward in
effect that a regulatory substance is bound to the
enzyme, forming a latent 5'-nucleotidase.

The present investigation was carried out to pre-
pare membrane-free 5/-nucleotidase from rat liver pla-
sma membrane and to study the kinetic properties of
the enzyme. Attempts also were made to resolve 5'-
nucleotidase into isoenzymes and to confirm and ch-
aracterize the proposed regulatory substance.

The results obtained are summarized as follows:

1. Membrane-free 5'-nucleotidase obtained by sonif-
ication from rat liver plasma membrane was resolved
into two iscenzyme bands by disk electrophoresis on
the polyacrylamide gel. The slow-moving isoenzyme
was major component whereas the fast-moving isoen-
Zyme, a minor component.

2. Membrane-free 5'-nuclectidase comprizing the
major isoenzyme was purified about 12-fold from rat
liver homogenate by differential centrifugation and
gel filtration on Sephadex G-200 column equilibrated
with 20mM sodium deoxycholate-20mM Tris, pH 9. 2.

3. Activation of membrane-free 3’-nucleotidase was
brought about to the same extent(5%) by the much
lower concentration of Mn*(0.01-0. ImM) and by
much higher concentration of Mg**(10mM).

4. The enzyme was strongly inhibited by EDTA
and recovered completely by the addition of about 5
time as much Mg"* in molar concentration as EDTA.

5. The enzyme was strongly inhibited by ADP
and to a much less extent by GDP and GTP. Purine
nucleosides did not affect the enzyme activity.

6. The pH optimum and Km value of the enzyme
were 8.0 and 0. 15mM respectively.

7. Phospholipid was detected in the membrane-free
5/-nucleotidase and the enzyme was activated by wi-

dely used detergents such as sodium dodecyl sulfate
(SDS), sodium deoxycholate(SDC) and Triton X-100.

Vmax of the enzyme was increased about 2-fold by
addition of 5mg of SDC and 0.2 ¢ moles of Mn** to
2ml of the enzyme assay system, but Ky value of the
enzyme was not altered. And the slope of the decre-
ase in enzyme activity with time due to thermal de-
naturation at 30°C was greater in the SDC and
Mn**-containing assay system than in the control
assay system.

Based on the above results, it was discussed that
the phospholipid bound to 5-nucleotidase could be
regulatory substance which could be released by the
detergents, most effectively by SDC combined with
Mn**, and by incubation itself, causing the enzyme

to increase in activity.
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