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7 o] gt 9 =} mitochondria®] A 343 &% »w Table 2¢f4 E A
&l u] 8} 7ol mitcchondria®) marker eonzymeel g-hy-
. . . . Recovery of the
Specific activity Purification fold enzyme activity
10% homogenate 0.63 1.0 100%
Crude plasma membrane 1.07 1.7 33.5%
Purified plasma membrane 6. 67 10.6 21.4%

|
|
Table 1. Purification of plasma membrane from rat liver.

5’-Nucleotidase was used as a marker enzyme for plasma membrane to assess the purity. Crude plasma
membrane represents the pellet from centrifugation of 10% homogenate at 1500 g for 10 min. Purified plasma
membrane represents the fraction from density gradient centrifugation of the crude plasma membrane as
described in Methods. Specific activity of the enzyme is expressed as gmoles of Pi released per hour per mg
protein, Purification fold is the relative specific activity of the membrane fraction to 10% homogenate,
Each value is given as a mean from triplicate determinations of the sample prepared from the pooled
livers of 6 rats.

Table 2. Purification of mitochondria from rat liver.

|
‘ . . P Recovery of the
Specific activity Purification fold enzyme activity

10% homogenate 1.50 1.0 100%
Crude mitochondrial fraction 5.27 3.51 45.7%
Purified mitochondrial fraction 12.2 8.13 32.1%

p-Hydroxybutyric dehydrogenase was used as a marker enzyme for mitochondria to assess the purity.
Crude mitochondrial fraction represents the pellet from differential centrifugation of the 109 homogenate
between 600x g and 8000 g. Purified mitochondrial fraction represents the fraction from density gradient
centrifugation of the crude mitochondrial fraction as described in Methods. Specific activity of the enzyme
is expressed as pmole of NADH per mg protein per hour. Purification fold is the relative specific activity
of the mitochondrial fraction to 10% homogenate.

Each value is given as a mean from triplicate determinations of the sample prepared from the pooled
livers of 6 rats.
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Table. 3. Effect of EDTA on the activities of plasma membrane (Mg**+Na*+K*)—ATPase and

microsomal glucose-6-phosphatase.

Sample without EDTA Sample with 1mM EDTA

(Mg*t+Nat+K+)-ATPase activity (umole of Pi/hour/mg protein) 58.7 65.7

G-6-Pase activity (gmole of Pi/hour/mg protein}

11.7 12.9

The activity of (Mg**+Na*+K*)-ATPase was measured as the release of Pi from ATP in the presence
of Mg**+Nat+K*. Glucose-6-phosphatase (G-6-Pase) activity was measured as the release of Pi from
glucose-6-phosphate (G-6-P). Resulis are expressed as pmoles of Pifrom ATP and G-6-P respectively per «

hour per mg protein.

Each value represents a mean of triplicate determinations of each sample separately prepared from the

pooled livers of 3 rats each.
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Fig. 1. Inhibition by EDTA of 5-nucleotidase of

plasma membrane.

The activity of enzyme preparation was 6.67s
moles of Pi released per hour per mg protein. Re-
lative enzyme activities in the presence of EDTA
were expressed as % of the original enzyme ac-
tivity. Enzyme activity was assayed in triplicate
in two mitochondrial samples prepared separately,
from the pooled liver of 3 rats each, and the mean
of these determinations represents each enzyme
activity.
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Table 4% <8 27804 mitochondrias] &
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AAE L FAA R A8t § sive EDTAS A
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Fig. 2. Lineweaver-Burk plot of the 5 -nucleotidase
activity of plasma membrane in the presence
and absence of EDTA.

Velocity of the reaction is expressed as pmoales
of Pi released per hour per mg protein. Substrate
are expressed as the millimolar concentration of
5-AMP.

A A A% mitochondriad] E4e] Y2 (A system), =
gtz A BE JEr) Ao maulSdegt EDTAE
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B4R e AzA9 o 0%z s el EDTAS o
AAEe ¢ 4 k. 2 A systemol e 2 F
a3t & A2 Ao Wl Ete] 168% 2 A E] FrhE 9l
ol shite] 0.01mM EDTASE 9| @& 271 = 20

with EDTA { 2.5 mM)
EDTA

without

RELATIVE ENZYME ACTIVITIES

5 10
Mg**, mi

Fig. 3. Effect of Mg** on the 5’-nucleotidase activity
of plasma membrane in the prescnce and ab-
sence of EDTA.

The enzyme activity was 6. 67 ymole of Pi released
per hour per mg protein. Relative enzyme activities
were expressed as % of the enzyme activity mea-
sured in the absene of Mg'* and EDTA

(A wtet & aolrt Y2E & 5 YU

3 mitochondria-- sonicationo 2 =}4)) & fragment-
ed mitochondriag A} &3te] A4 £ 2Add 24 =
2 xez AP A EDTAL 7184 & *
#} 4 mitochondria®] 484 & LA R oz
of ulgte] 266%= -8 250 A=z}
EDTA%7t® A systemo|t} B system <F¥gle] &
EDTAY 7tz #Agle] ma-34o] EDTAS 7}at
A 42 2 vad A9 e] 30% 74 i)

a8 v} intact mitochondria®] W 2 o] w30 176%
2 °F 1.7 7F F7h= gl o] Ao o] mitochondria

3

Table. 4. Effects of EDTA on the g-hydroxybutyric dehydrogenase activities of mitochondrial membrane

under varying conditions.

No EDTA in sample and
enzyme assay medium

Unit*

Sample

Sample containing ImM

EDTA added plus enzyme

assay medium (0. 01mM
EDTA)*

Unit*

Sample plus enzyme
assay medium containing
0.0lmM EDTA added
(0.01mM EDTA)*
Unit*

12.2 (100%)**
31.3 (256%)

Intact mitochondrial fraction

Fragmented mitochondrial fraction

20.5 (168%)
21.4 (175%)

8.6 (70.99)
21.7 (1779)

B-Hydroxybutyric dehydrogenase (8-HBD) activity was measured by starting the reaction with the
addition of 0.02ml of mitochondrial suspension to 2ml of the enzyme assay system as described in Methods.
*Each enzyme activity is expressed as pmoles of NADH reduced from NAD per hour per mg protein, one

pmole corresponding to one unit.
*Final concentration of EDTA.

**Enzyme activity of intact mitochondrial sampe without EDTA is assumed 100% as referenece.
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Fig. 4. Diagrammatic representation of mitochondrial
enzyme distribution after sucrose density gra-
dient centrifugation of crude mitochondrial
suspension with or without EDTA,

A represents the distribution of A-HBD activity in

interfaces of sucrose density gradient.

B represents the distribution of S-HBD activity in

interfaces of sucrose density gradient containing
1mM EDTA.

45%

T R

48 %

EDTAS] @&aitao]l g of g—

Zotal =
zto] EDTAH 2| 2 mitochondriaz} st 5o

Fol 42 A% %

o g}
o] A& ruptured mitochondriazl %

gLt

A ol

o £
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homogenizedti= S-do] 1mMA =2 EDTAE £347]
= wo] &3 Agsx 9o} (Stein et al, 1968;
Avruch et al.,1971; Brotherus et al., 1977).

A 7t EDTAS Ab&e] we2g 33448
¢13td] EDTAS 28 %2 0.5mM Cat,
sucrose,5mM Tris buffer(pH 7. ) &

rlasma membrane & & A 8t

Plasma membrane

endoplasmic reticulum=} ¥z mi-

A E g
0. 25M
Abgghe] WA ZE

ZA o] 4] plasma membrane 3 mitochondria & F3%4
A 6t9l i microsomed 2] 39
EDTA?} o] 5 membrane®] marker enzymes] 4]+

)X e o & A& §5te] membrane suspension
o) EDTAZ A4 ImMe] HE% AV £ E4
wodel EDTAT A3 a4 faid e &489
c},

-_.50._._
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Plasma membrane2] marker enzymegl (Nat+K+)—
ATPase34] o] Mg —ATPascg} Jl4 2457
te] EDTA&E ol § ¥ 548 FHds 2% 53+
slovt o] FEad AA3Y.& EDTAS o8 o3
F7HE £ B %S 29 (Table 3).

Endoplasmic reticulum®] marker enzyme¢] glucose
-6-phosphatase.. EDTAe] & 8te] 2 34le] %7k &
7o = A Fol ot

o E ZrdAe 9719 Fe $49 membrane
fragmentz} EDTAel o} gto] # #Also] myaje =
Zhel @& oz & 49

¥ EDTA+ 5'-nucleotidase 3 A 3 & (competitive)
22 9A37] o 24 (Fig. 2), EDTAZ A}.&%
plasma membraned A & = & o ii'./" i}‘é &7 o
T8 %-9-7]' Al‘#' 2 o) F A= Mgt sk
2 H4dd &

& Mgtte EDTAE} chelateZ 3 4 ee] EDTAZ
E 4A7] W Eo EDTARESY dg 3o o Fate
Mgt & 2 fagtgAe 7187w st 9o (Fig.3).
9utA o2 phosphataset= 2 7)ol & e nonspe-
cificd}?] = Fo] 5'-AMPE sA=z /\}-9—'5'}04 5-nu-
cleotidase®] 248 23 o folx 25 o ()
5'-nucleotidases] ot 71213 Ao x % ‘F 811-}.

5-AMP3= nonspecific phosphatasce! 2] %o} 4%
T 7 #H Eel o}

Ahmed(1968) % & nickele] 2¢] 5-nucleotidascrt-&
specifiedl?] oA AJAE 0] &5 G548 5'-
nucleotidased] ¥4 L &7l Wy g Aualgc. &
HEavbgAl el nickelo] ZA % =g 244 & o
o 2L 243 z A Fad ozhe] uwE
5’-nucleotidase®] #HAlof o WEl b shg) o}

221} nickele] 5’-.§.—4 of A shel iyt <
g2 B o5 =z gleh

EDTA:= 5-nucleotidase® & AR 22z <A s
H Zof] & Fx9 EDTAEA ste] A & 5-nucleotidase
o el A skas 4AR 4= gk Fig 14 v
Fuks o] 100mMe] EDTAY: 5 -nucleotidase 3F4] &

809014 oA 319 o} 200mMe] 4 = = Fx o EDTA
=9 o3 gAE}E A gord.

ol A 2.2 5-nucleotidase A9 g A= gL

¢ F Yz uelA 20%e AR E aLuAL o
oz E 4 9k

A e ol @ Al & Etﬂi Ble] 524§ 5-nucleo-
tidased] #Awubd %385 A2e wde Adde

Q.
€ phosphatascel] )13 2

ulo} c},
% 5'-AMP% sld = &9 EDTAQle] A9 &4
$439 245z 9 Afo] 100mM EDTAS 3 714

4 &7
Aol ool TAHY L 2484 o] F gho] 25 7
3] | R ¢ 5-nucleotidases) = 44 LYoz B 4

_,4
[2:8
[

28
gh# ol ] 24 &tof) 4] mitochondrias] =% EDTAL
e FAHY AE Table dof g ofsle] T A 319l el.

EDTAE S Z 4w v ,101 EDTA & ZJZ'] mitochon-
driad] ol ZAEEA E& oA L A8 Hawg
ol at 3‘—@"‘]3&‘5 = EDTA4 ll%ii-‘-: ) 7Ho]
0.0lmM=z =43¢l o] & EDTAY Atzxe) W&
EDTAE= S W3l g ur] A4l

Table 4<1 A i—‘&ﬁ}ﬂ} o] intact mitochondria®]
f-hydroxybutyric dehydrogenase(s-HBD) %4 & o=
(control)Abel 100%2 2gt% W FAutSd%e] (.01
mM¢ EDTARH2 o] A5 #4e dazd] udle
& 70%% st 28y B¢ WA mite-
choudnaxuoﬂ vld] 1mM¢ EDTASY ¢ #Asstg ¢

‘LI
[
LS

T L EAFAYL 168%=, dlzo wiled 28y
438 fﬂf%‘lsl w}.
o] FELVSA Y EDTAH EF 55 & iate] 0.01

mMeldl = oot & AAF welFd, oygd A4
£ A4uSNe osmolarityr} hypotonicdl e}z AL Al £
zefel do] ghgi} ge) A 4 9ot

% Cae] 22 mitochondria®te] A =)o) =}l inte-
gritye] 523 4 & 53 i}, EDTAE mitochondria
A 8ol 7tEtel EDTAY Ca'sl chelateS mbEr),

vhebal wtpzsh Wy el R dA & maw
49 hypotonicityo] € 3ta] gte o} F w @ 2z}
oz shdun,

<+ mitochondrias] o] EDTAS A 48 o 24 mi-
tochondria 2t =35 = 22 mitochondriaz=zts 3
EdRE dazd vdd = FA=AE Aol 2
v} 0.0ImM EDTAE §4% H4uLddAEs mi-
tochondriat- EDTAS] # &4 zto] 7>] o %of =3 =
A 2 AEA ot ghostrh ALY =8 Aoa
z7toz Bd o mitochondriadl ) Twid & o] 2
pobA b Aew AAsd. o7& EDTAY o4
Bz ¥ E AR AL 48 e FF e

B2 A%t oo mitochondrias EDTAc] 2] &l e
Trzd WR S R Ao wA hypotonicitys] 9] ghe]
775 o= mitochondriaf Al ZR AL ze oA
Ad v 2 4 9 EDTAE 4+ mitochon-
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dria®] 49l S-HBD3A £ A<tz AelA gt EDTA
= A Al =g 4892 mitochondriatt T4 &
ad E2AAAEzE AdFer o FLAqAFEE
Sriste] Ead4de FE 2dl@ Aoz ¥4 9
t}. mitochondriadl 27+ Zawr-gole] EDTAS #A
A %3191 ¢ @ mitochondria®] AA=AAL =4 =
Ax A9 & o] ¢gAw EDTAZAZ 2 a4¥
dedzrcd Fag Rez T 4 2 2 mi-
tochondriad] 8¢ A4 EDTAE Je|5w EDTAS
AEAZDC] Az R4 AAH=HE
mitochondriae] wa g = TwAge] IA Frise] 3
F ZALAH L dZd e aA Fog Aez: ¥
< 9lv}. mitochondria®m Al Z7le] wE p-HBDHA
¢ FrtE Gest e AR 490z FdH

Z intact mitochondriaE sonication2 2 fragmented
mitochondria®s ZA 8] HZA2BHE FAY A <
Wo #4284 L o 29 intact mitochondria®] 7 o]
ulghed A FA 5 o] o & 2. 54 1} F7H5hg = (Table
4).

Z ¥915 mitochonddrial EDTAZA R 2 i48
Aol ok 30%4 = Frag ek ol A& ¥+ mitochon-
driasl EDTA& =2 @727 ddgds d= 292
sonicatione. 2 o]u] s3] 5 gl o=z hypotonicityo] 2l
% w3 E deld 9% 5 9l =Hel EDTAS 43 &
aoA Z4g&e et Aoz o4 9

o] 9}7t o A}Al & intact mitochondriastE A 2
fragmented mitochondriacl 4 & EDTAE A1 8o =
A AsEA =E Zadgde D AHREA el A
9 e AT: 24l A4ZE 3HEF AT L
g 4o} v Az o] EDTAC e« H¥HA
mitochondria membrane2 ¢} %-aa 3o 2ste] 4
A AY F e ALE L5 s ocrude
mitochondrial suspensiong sucrose density gradient
gm0 ez ¥ Po] heavy mitochondria(intact mito-
chondria)= 9ol Z A=t ImM EDTAE X §¥ mitoe
chondrial suspension& EQ§ 273 A M)
light mitochondria(ruptured mitochondria) 2 <11
Aoz o F 9el. o9 o] mitochondrias] 59 §-
HBD#4 & o] A adlct EDTAS #A7d A 24

= 24 7 mitochondrial preparation®] intergrity
= Agd AZ% 4 9. ZF mitochondriad 89 #
ulgte] o] o] EDTAE As1at 28 stilel A
n 2<% intact mitochondrias} ¥]3le] ruptured mi-
tochondriaz} & ¢, ©H4 =82 mitochondria 4 8.9

integrity7} £& A& AAae Aer 5 4t
Mitochondria A] &l gle] = integritys= =S #<qle
= wger AAdnA L & ¢ Ak (Colbean et al,,
1971; Sottocasa et al.,1967).

ARdn A A4el i BAAL g DT %
Yoz 44 A% Al + Ak

A 2] organelle ¥a & # 23 & homogenized}
& &9+ EDTAS =FA7E A7 o183
9 vE AYAAE F¢E 2 EDTAAE S 3
#aE Aol F& Aoz dejdch

2 of

EDTA~>} membrane marker enzyme®] Ao ulX
99 A=ds] fated WAagenRE plasma
membranes} mitochondrias ¥-#A A 9 2 = micro-
somed 2] fs}aau} o4 2F FAEARA A4
0.1M EDTA #3942 7tetd 2 HE%557 1mMe]
HE% §AY = 2 F4utSYw EDTA 459 &
A4 7hete) EDTAZA st A &84 & &4 33+

o ASE aodd g A

1. Plasma membrane® 3 2} mitochondriaf-3} &
W8l Al B2 9l sucrose density gradientfl A o8 27}
16. 69 9} 8. 19 2 A =l

2. Plasma membrane?] (Mg'++Nat+K*)—ATPase
%A & microsomed G-6-Pase@A] & EDTAd] 9 8¢
G2 FrhE = 3 EE 2HH

3. Plasma membrane? 5 -nucleotidase@ A o] =%k
EDTAS Q%L F9gdoz F43gd.

s 5’—nucleotidase94 Kmzke 0.38mMel gz 5'-
nucleotldaset- EDTAG 2lsle] AAA oz A5
ov] EDTA¥ 7 0.1M ol4te] =y 49 4

vlo] i ghashAl okt

4. 5"-Nucleotidases] =74t 34 & FA3}= A2
$ W& AAsge & 5-AMPE F1d 28 0. 1M
EDTAZA] 8to] nonspecific phosphatases] #4-& &
A FAsta b3 EDTAGlel A48 & F4 %o o
e 2E Fuby] 4% 5'-nucleotidased] 9 & &
AA 7 "

EDTA 8o 443 5-nucleotidases] #H4-2
EDTA¥ =] ol 2 3o dldses Mgel2oez &
=l et

5. EDTAZ# 8te] A mitochondria®] p-hydroxybu-
tyric dehydrogenase(g-HBD) #4 2 wiz FA 4
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EDTAZ = 24 & ola=geh. 22} BEDTA 384
el Aol 3y BABYLE 2A FRH Yk o
g4 AbY & EDTA: $iet g-HBD#A & oA s+ A
o]x gl 4 EDTAL: =4 39 Cao)l-23t chelates]e]
7134 A 0.2 mitochondria® #taAA#4 = mwA 24
of ¢ By F77 ARG o dor adE
vebd ez AwE 4 gl

olel g #%E& sonicatedt fragmented mitochondria
F AMEE FUD Aoz A

6. Mitochondriadl 22 EDTAZ H3 A A e
otA @2 Aol g} p-HBDHA L 4 wagon
# mitochondria®] integrityd £ & A7 H71g 4= 9
< A e Age e

—ABSTRACT—

Effects of EDTA on the Activities of Marker

Enzymes for Membranes from Rat Liver.

Yong Kil Lee and Han Woong Choi
Department of Pediatrics

Hong Keun Chung and Ki Yung Lee
Department of Biochemistry
College of Medicine, Seoul National University

For the examination of effects of EDTA on the
activities of membrane marker enzymes, plasma mem-
brane, mitochondria and microsomal membrane were
partially purified from rat liver. 0. 1M EDTA solution
buffered with 5mM Tris (pH 7.4) was added to these
subcellular particle suspensions to be 1mM or added
directly to the enzyme assay system to survey the
effects of EDTA on the enzyme activities under the
varying conditions. The results obtained are as follows:

1. 5-Nucleotidase and g-hydroxybutyric dehydro-
genase were enriched 10.6-fold in the plasma mem-
brane fraction and 8. 1-fold in the mitochondrial
fraction, respectively through differential centrifuga-
tien followed by discontinous sucrose density gradient.

The activities of (Mg**+Nat+K")-ATPase and
glucose-6-phosphatase were slightly elevated by the
presence of 1mM EDTA in the enzyme preparations.

2. According to kinetic study, the apparent Km for

5'-nucleotidase was 0.38mM and 5’-nucleotidase was

inhibited competitively by EDTA. The enzyme acti-
vity was suppressed up to around 80% in the pre-
sence of 0. 1M EDTA, but no further inhibition was
observed beyond this concentration, and thus the rest
of 20% is supposedly caused by other nonspecific
phosphatases.

3. A modified method was attempted to establish
determination of 5'-nucleotidase, taking advantages
of selective inhibition of this enzyme by EDTA. The
activity of phosphatases other than this enzyme is
measured in the presence of 0.1M EDTA and the
enzyme assay is once repeated but in the absence of
EDTA, thus the difference of above two assayed ac-
tivities would be the proper activity of 5’-nucleoti-
dase.

4. Despite g-hydroxbutyric dehydrogenase(s-HBD)
was actually inhibited by the presence of 0.01mM
EDTA in the enzyme assay system, this mitochondrial
enzyme activity, however, increased considerably
when it was measured with the mitochondrial prepa-
ration with 1mM EDTA which was diluted to 0. 01mM
in the enzyme assay system, This apparent contra-
diction can be explained on the following assumption.

The mitochondrial membrane structure is impaired
by EDTA through the chelation of Ca** bound to
membrance, rendering them vulnerable to the hypo-
tonicity of enzyme assay medium, which results in
the ruptured structures of mitochondrial membrane,
offering much enhanced surface area with exposed
enzyme. The resulting increased enzvme activity could
well cover its inhibition. This presumption was proved
by appropriate experimental design using intact mi-
tochondria and fragmented one by sonication.

5. The ratio of intact mitochondria to ruptured one
in mitochondrial preparation could be easily measured
by the increase in #~HBD activity in the presence
of ImM EDTA, as compared with that of the sample
without EDTA.

REFERENCES

Ahmed, Z and Reis, T.L.: The activation and inkibition
of 5'-nucleotidase. Biochem. J., 69:386, 1958.
Avruch, J. and Wallach, D.F.H.: Preparation and




—o] % : EDTAS £434 W 4 &—

properties of plasma membrane and endoplasmic
reticulum fragments from isolated rat fat cells.
Biockim. Biophys. Acta. 233:33% 1971.

Berman, H.M., Gram, W. and Spirtes, M.A.: An im-
proved, reproducible method of preparing rat liver
plasma cell membranes in buffered isotonic sucrose.
Biochim. Biophys. Acta, 133110, 1969.

Brotherus, J. and Renkonen, OQ.: Phospholipids of
subcellular organells isolated from cultured BHK
cells. Biochim. Biophys. Acta, 486:243, 1977.

Brown, A.E., Lok, M.P. and Elovson, J.: Improved
method for the isolation of rat liver plasma mem-
brane.

Chung, H.K. and Lee, K.Y.: A study on the lipid
peroxidation in mitochondral fraction from rat liver.
The New Med. J., 20:101, 1977.

Colbeau, A., Nachbaur, J. and Vignais P.M.: Enzymic
characterization and lipid composition ef rat liver
subcellular membrans. Biochim. Biophys. Acta, 249:
462, 1971.

Fiske, C.H. and SubbaRow, Y.:
875, 1925.

Grinna, L.S. and Barber, A.A.: Age-related changes

J. Biol. Chem., 6G:

in membrane lipid content and enzyme aclivitics.
Biochim. Biophys. Acta, 288:347, 1972.

Kamataki, T. and Kitagawa, H.: Effects of lipid per-
ozidation on actiwities of drug-metabolizirg enzymes
in liver microsomes of rats. Biochem. pharmac., 22:
3199, 1978.

Lehninger, A.L., Sudduth, H.C. and Wise, 1.B.: D-
B-Hydroxybutyric dehydrogenase of mitochondria.
J. Biol. Chem., 235:2450, 1960.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Ran-
dall, R.].: Protein measurement with the Folin phe-
nol reagent. J. Biol. Chem., 193:265, 1951

Maddy, A.H.: In Biochemical Analysis of Membrane,
Chapman and Hall press p.55-72.

Maisterrena, B., Comte, J. and Gautheron, D.C.:
Pruification of pig heart mitochondrial membranes.
Enzymatic and merphological characterizations as
compared to micresomes. Biechim. Biophys. Acta,
3671115, 1974

Neville, D.M. JR.: Isolation of an organ specific protein
antigen from cell surface membrane of rat liver.
Biochim. Biophys. Acta, 154:540, 1968.

Rag, T.K.: A modified method for the isolation of
the plasma membrane from rat liver. Biochim. Bio-
phys. Acta, 196:1, 1970.

Segal, H.L. and Brenner, B.M.: 5'-Nucleoctidase of
rat liver microsomes. J. Biol Chem., 235:471, 1960.

Sottocasa, G.L., Kuylenstierna, B., Ernster, L. and
Bergstand, A.: An electron-transport system associated
with the outer membrane of liver mitochondria. J.
Cell Biol., 32:415, 1967.

Stein, Y., Widnell, C and Stein,0.: Acylation of lyso-
phasphatides by plasma membrane reactions of rat
troer. J. Cell Biol., 39:185, 1968.

Swanson, M.A.: Glucose-6-phosphatase from liver. in
Method in Enzymology Ed. by S.P. Colowick and
N.O. Kaplan,Academic Press, Vol. 2, p.541, 1955.

Wilson, M.]. and Villee, C.A.: Preparation of pro-
static plasma membranes. Distribution of (Na™+K")
-ATPase and Mg*+-ATPase in the rat ventral pro-
state., 39421, 1975,

-_54‘.




