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Cytoc~ome ~ ~ incorporat~ i~to ~ d ~  ~ ~ e  ~ m k  ~t icu~m ~ w o t e i ~ ~ a t i ~ h o l i ~  
m~d~s .  C y t ~ o m e  ~ becom~ f ir~y bound ~ t ~  memb~ne and M ~ e  ~ m e  time ~sophos~atidylcho- 
line is ~ by a c y ~ s f e r a ~ s  ~ the ~ ~ c  ~f ic~um and conve~ed into t ~  memb~ne 
~ m ~  ~ i d y l c h ~ n e .  The pos~bili~ ~ ~ ~ o n  ~ ~ t ~ o m e  ~ ivto the ~ ~ c  
~f ic~um ~ v~o by ~ mecha~sm ~ ~ u ~ e ~  

I ~  

Cytochrome bs, which tog~her with NADH- 
cytochrome b5 reductase and the desaturase forms 
a microsom~ dec~on transport c h i n  involved in 
fatty add desaturatiom is an amphiphific proton 
with a hydrophi~c dom~n cont~ning the cat~yti- 
c~ actifity and a hydrophob~ segment anchoring 
the protein to the membrane [1]. Reconstitution of 
cytochrome b5 into ~pid veeries can result in two 
modes of insertion: a loosely and a tightly bound 
form. The loosdy bound form is susceptible to 
attack by carboxypeptidase Y [2,3], and the tightly 
bound form is nonsusceptib~ to attack by 
carboxypepfidase Y [4,5]. This la~ mode of inse~ 
tion of cytochrome b~ ~ believed to be the phy~o- 
lo~c~ form, the form in which endogenous cyto- 
chrome b~ is inserted into the endoplasmic reticu- 
lum [2,6]. Various chem~M and phy~c~ studies 
have been focu~ng on the interaction of the hy- 
drophob~ segment of the proton with the hpid 

Abb~fiations: Cyt ~,  cytochrome ~; lysoPC, lysophospha- 
tid~choline; PC, phosphatidy~holine. 

bilayer. Although different condu~ons have been 
reached, it is most fikdy from photolabelling [~ 
and neuron scat~fing ~udies [7] that the hydro- 
phobic segment and the highly charged C-termin~ 
of cytochrome b 5, inser~d in the tight~ bound 
form, is located deep in the fipid bilayer with 
portions in both h~ves of the membrane and 
pos~bly spanning the membran~ 

Cytochrome b5 has been incorpora~d into mi- 
crosomes by spontaneous insertion [2] and the 
amount of cytochrome b5 in rat fiver microsomes 
has been increased 20 times [8]. Different resul~ 
have been obt~ned [2,6,9] but it is g e n e r ~  
accep~d that exogenous added cytochrome b5 
binds to microsomes in a form, u~ng the criteria 
from the liposome experiment, is undistinguish~ 
b~ from the fight binding form. This is in contrast 
to the resul~ obt~ne& if cytochrome b 5 is inco~ 
porated by spontaneous insertion into fipid vesicles 
composed of microsom~ hpid [2,5]. Therefore it 
has been suggested, that proteins in the endo- 
plasmic reticulum membrane [2,1~ or one or more 
destabilizing factors [11] are required for insertion 
of cytochrome b 5 into m~rosomes in a tightly 
bound form. 
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Cymchrome ~ is synNefized on flee po~- 
somes [12,13] and thus pos~Uan~ationN~ in- 
serted into the endo~asmic ~tic~um. How cyto- 
chrome ~ is Uanspor~d in the c~oplasm and 
how the NgNy charged C-terminM crosses ~e  
fipid bilayer of the endoNasmic ~ t ~ u m  mem- 
brane is still obscure. We have p ~ o u ~ y  r~ 
ported, that c~ochrome ~ can be ~corpor~ed 
~to  fipid verities as protein-~sophospholiNd 
micelles [5]. Incorpormed in ~is mann~ tyro- 
chrome ~ become tightly bound to the verities 
independent of ~e  fipid compofifion. In tNs re- 
port we present e~dence ~at  c~ochrome ~ can 
be incorporated into endoplasmic ~ficNum 
verities as protNn-lysophosphd~id micelles. In- 
corporated in ~is manne~ c~ochrome ~ become 
firmly bound to the membrane. At the same time 
the ~sophosph~i~d, wNch is ~corpora~d to- 
ge~er with c~ochrome ~,  is converted to the 
membrane component phosphatid~choline. The 
posfib~ff that newly synthefized c~ochrome ~ 
or apocymchrome ~ in ~vo can be Uanspo~ed in 
the cytoplasm pro~c~d by the detergent 
~ s o p h o s p h M ~  and inserted into ~e  membrane 
as protein-~sophosphNipid micelles is discussed. 

M~efifls and M~hods 

Chemica~ 
L ~ o p h ~ p h ~ c h ~ e  (eg~ was obt~ned 

~om Serdary Research Lab., London, Canada. 
[1-~4C]p~mi~lysoph~phatidylcholine was ob- 
t~ned from Am~sham International, Am~sham, 
U.K. Cryst~hne bo~ne serum ~bumi~ ~ypfin 
(~pe Ill-S) and apm~fin w~ from ~gm~ and 
Aquas~ from New En~and Nudea~ Boron, MA, 
U.S.A. DH-990 (2-O5-di- t -butyl- l~yd~xy-  
p h e n ~ h e x a n ~ c  a d ~  was a generous ~ of 
M~rell Dow P h ~ m a ~ u t ~ s  Inc. ( I n ~ a n a p ~  
IN, U.S.A.). Carboxypeptidase Y tested for lack 
of endopepfidase a c f i ~  [14] was a generous ~ 
~om Caflbio~c~ C o p e n h a ~  Denm~k. 

Cymch~me ~ and [~H]cytoehrome ~ 
Amp~p~hc cy~chrome ~ was ~ e d  from 

pig liver ~ n f i ~  as described by S t f i t t m ~ r  et 
~. [15], and was obt~ned ~ so~um d e o x y c h ~ e  
a~er Sephadex G-75 chromatography. Cyto- 
chrome ~ was trace labded by reducfive alk~a- 

tion as described by Jento~ and Dearborn [16]. To 
cytochrome ~ ,  0.06 ~mM, in 50 mM phospha~ 
buf~r (pH 8.1) contNNng 1% soNum deoxycho- 
la~, was added 2.5 ~mN ~crystMl~ed NaCNBH 3 
and 1 mCi [3H]NaCNBH~ (~pecific acti~ff: 12 
mCi/~mN). A ~  mi~ng 0.02 ~m~ HCHO, p~- 
pared by hydrMys~ of paraformNdehyd~ was ad- 
ded and the reaction allowed to proceed for 2 h at 
room ~ m p ~ u ~ .  Labile adducts and excess of 
reagents was ~moved by e~en~ve NMy~s against 
20 mM Tfi~acetate (pH 8.1) contN~ng 0.2 mM 
EDTA and 1% soNum deoxychda~. The spedfic 
activi~ of ~e  finM product was about 25.10 ~ 
cpm/~mN. 

De~rgent-fr~ ~ m ~ m e  ~ 
D ~ g e n ~ f f e e  c~ochmme ~ was obt~ned by 

~mov~ of so~um deox~h~a~  by ~a~fis  at 
~om ~ m p ~ u ~  ~ r  48 h. 

Cy~chrome ~-lysophospholipM micelles 
C~ochrome ~-~sophosphatid~ch~ine mi- 

celles was obtNned by exchange of the soNum 
deoxych~a~ with [a4C]~sophosphafid~chohne as 
described earlier [5]. The finM m~ar ratio of 
~sophosphaf id~ch~e  to c~ochrome ~ afar  
dialysis was if notNng else was stated 300. 

Preparation of subcellular fraaions 
The subcdluhr fractions were isNated from p~ 

liven rough and smooth endoplasmic reticulum by 
the m~hod described by Dallner [17] and mito- 
chondria by the method of F1Nscher and Ker¼na 
[18]. The puriff of the ~ a ~ n s  were determined 
by measuring the acti~ties of cytochrome o~dase 
(EC 1.9.3.1) [19] and the rotenone insenfitive 
NADH~ytochrome c reductase (EC 1.6.2.3) [20]. 
The amount of protNn was determined by the 
m~hod of Lowry et M. [21] with bo~ne serum 
Mbumin as standard. The subcd~hr  ~acfions 
were stored at -80°C.  Trypfin ~e~ment of the 
veeries were performed with 90 ~g of Uypfin per 
mg of veficle protein at 30°C for 2 h. The vesicles 
were collec~d by centrifugafion at 100 000 × g for 
1 h, and suspended in 20 mM Tfi~HC1 (pH 7.4) 
contNning 0.15 M KCI and aproNfin in a 3-times 
molar excess of the added trypfin. NADH~y- 
tochrome b5 reductase acfi~ty was measured as 
described by Mihara and Sato [22]. 



IncubaHon 
De~rgen~ffee cytochrome b5 or cytochrome 

bs-lysophosphatid~choline micelles was incubated 
with subceHular fraction~ Unless stated to the 
con~ar~ each incubation mixture cont~ned in 0.6 
ml: 50 mM Hepes a~u~ed to pH 7.4, 3.5 mM 
ATP, 0.17 mM CoA, 10 mM cy~dn~ 0.1 mM 
EDTA, 3 mM MgC12, 150 mM KC1 and 1.3 mM 
ol~c aod bound to 0.2 mM defatted bo~ne serum 
albumin.  The [3H~y toch rome  b5 and 
[~4 C]lysophosphatidylcholine concentration were if 
nothing rise was stated 3.3 ~M and 1 mM, respec- 
ti~y. The amount of verde protein was ind~a~d. 
The incubation was performed at 37°C usually for 
10 min or as sta~d. The reaction was stopped by 
phong  the tubes in ice, and the separation of 
membrane ffagmen~ from unincorporated [3HI 
cytochrome b5 and [lnC]lysophosphatidylcholine 
was performed by centfifugation at 100 000 × g in 
a Beckman Airfuge or ultracentrifuge (modal L8- 
70). The supernatant was removed and in order to 
ensure incorporation and not ju~ adhefion of the 
micelles to the membrane vefide~ the pell~ was 
washed once by resuspending in 0.6 ml of 50 mM 
Hepes, pH 7.4 containing 0.5 mM KC1 and the 
centrifugation repeated. Wash of the pellet re- 
~ased 10% of the radioa~i~ty a~oda~d  wilh the 
membrane into a supernatant. A second wash did 
not rdease further radioacti~ty into a super- 
natan~ The amount of radioa~i¼ty in the super- 
natanL wash and in the pell~ after s~ubilization 
in 0.5% Triton X-100 was determined by measu~ 
ing the radioacti~ty in Aquasol in a liquid sdntil- 
lation counter Tri-Carb 4530 (Packard Instru- 
ments C., Inc., U.S.AO. The amount of proton in 
the pellet was determined on the Triton X-100 
solubi~zat~ measured in lhe presence of sodium 
dodecylsulphate [23]. Incorporation of cytochrome 
b5 into membrane fractions were confirmed by 
po~acrylamide gd electrophore~s with SDS (13% 
polyacr~amid~ carried out according to Laemmfi 
[2~. The proteins were ~ n e d  with Coomas~e 
brilliant blue. 

L~id extraction and analys# 
Lipid extraction of the supernatant and the 

pellet after wash was performed by adding chloro- 
form/m~hanol (2:1, v/v) according to Fox and 
Zilversmit [25]. The fipid was di~olved in a known 
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v~ume of c ~ o r o f o r m / m e ~ a n ~ / w ~  (25 : 15 : 
2, v/v).  AnMysis of the conversion of 
lysophosphatidylcholine inlo phosphatid~choline 
was p ~ r m e d  by thin-lay~ chrom~ography ~ 
the s~vent sy~em chloroform/methane/water 
(65:25:4, v / ~ .  The spots w~e ~sualized by 
iodine vapo~ After evaporation of the iodin~ the 
spots were ~raped from the p~m into s d n t ~ n  
~ s  and the radioacti~ff counmd in 4 ml of 
Aquas~. 

R e s ~  

In a p ~ o u s  study it has been show~ that 
cytochrome ~-~sophospholip~ micelles can be 
formed by detergent exchange [5]. If such pre- 
formed cytochrome ~-lysophospholip~ micd~s 
are incubated with verities of the endoplasmic 
~tic~um, both cytochrome ~ and ~sophosph~ 
fipid become incorpor~ed ~to  the membran~ In 
Tab~ I is shown the ~ s d ~  obt~ned if micelles 
cont~ning increafing amount of cy~chrome ~ is 
~cub~ed with a con~ant amount of smooth en- 
doplasmic ~tic~um. Independent of the ratio of 
cytochrome ~ to lysophosphofipid ~ the per- 
formed micelles, the same ratio of ~4C to 3H is 
found ~ the membrane verities after ~ c u b ~  
indicating that it is cytochrome ~ in form of 
prot~n-lysophosphatid~choline micelles, w~ch is 
~corpora~d ~to  the membran~ As ~so ~en ~ 
Table I about 30% of the incorpor~ed 
lysophosphatid~choline is ac~a~d by endog~ 
nous a c ~ a n d ~ a s ~  after 10 min of ~cubation 
as the ~4C labd is found a~od~ed  with phos- 
phatid~ch~m~ The same ~atio of ~4C Io 3H in 
the p~formed micelles as ~ ~e  membrane verities 
is Mso 0bt~ned after ~cubation of a constant 
amount of micell~ with &ff~ent amounts of ves- 
icle protein (Tab~ II). Howeve~ the amount of 
tot~ labd ~corpor~ed into the verities did not 
increase proportionally with proton concentra- 
tion. One of the reasons for t~s may b~ that the 
fu~on is very rap~ and even at 'zero-timC, there 
is a confiderab~ amount of h b d  a~oda~d with 
the membran~ Furth~mor~ not all micell~ fu~ 
with the membran~ and incomple~ fufion at pH 
7.4 is a wd~known phenomena [26]. 

Pa~ of the ~corpora~d lysophosphatid~cho- 
line become ac~a~d and pa~ degraded to free 
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TABLE I 

INSERTION OF C Y T O C H R O M E  ~ Y S O P H O S P H A ~ D Y L C H O ~ N E  MICELLES INTO SMOOTH ENDOPLASMIC RE- 
~ C U L U M  VESICLES 

The incubation m i ~ e  cont~ned  600 n m d  [ ~ 4 C ] l ~ o p h ~ p h a t i d y l ~ o l i ~  and ~ i n g  a m o u n ~  of [ 3 H ] c ~ o m e  ~ (0.5, 1, 2 or 3 
n m ~  2.0 mg of v e ~ e  p r ~ n  in a v ~ u m e  of 0.6 ml. The ~cubaf ion  time w ~  10 min ~ 37°C.  The v~ues  represent the average of 
doub~  ~ t e r m i ~ t i o n s .  

M ~ d l e  compofifion lncorpor~ed labd Product formed 

Cyt ~ LysoPC LysoPC/  3H 14 C 14C/3H PC 
(nmN) (nmN) Cyt ~ (nmN) (nmN) (nmN) 

0 600 - - 240 - 128 
0.5 600 1200 0.26 340 1 308 1 l 8 
1 600 600 0.54 351 649 109 
2 600 300 1.07 344 321 105 
3 600 200 1.64 341 207 96 
3 - - 0.45 - - 

fatty acids. As shown in Table II the m~abolism 
of the ~sophosphofipid increases with proton 
concen~iom The amount of ~4C labd, which is 
not incorpor~ed, but rem~ns in the supernatan~ 
has been an~yzed on thin-~yer chromatography. 
The resuhs show that most of the ~4C labd is 
~sophosphofipid. In the experiment in Tab~ II 
u~ng 3.3 mg of verde  protein, the labd in the 
supernatant is recovered as ~sophosphatidylcho- 
line (59%), phosphatidylcholine (13%) and ~ee 
fatty add (28%). 

The incorporation of the protein-de~rgent 
micelles is not dependent on the ac~afion of 
~sophosphatid~choline to phosphatid~choline. 
When DH-99~ a hypolipidernic dru~ which is an 
inhibitor of the ~othin acyl~ans~ras~ acyl- 

coenzyme A: 1-acyl-sn-3-phosphocholine [27], ~ 
added to the incubation mixtur~ the amount of 
lysophosphofipid and cytochrome b~ incorporated 
is not different from the control without DH-990, 
even if the acylafion is inhibited more than 90% 
(Table III). 

Cytochrome b5 incorporated into the endo- 
plasmic reficulum as protein-lysophospholipid 
micelles become firmly bound to the membran~ It 
cannot be removed by treatment of the membrane 
with 0.5 M KC1. The cytochrome b 5 is nonsuscep- 
tible to attack by carboxypepfidase Y when in- 
cubated at 30°C at pH 6.5 for 2 h in the molar 
ratios of cytochrome b~ to carboxypeptidase Y of 
20 : 1 and 5 : 1 as used by others [2,9] (Table IV). 
Even at a ratio of 2:1, the degradation of the 

TABLE II 

EFFECT OF I N C R E A ~ N G  PROTEIN C O N C E N T R A T I O N  ON INCORPORATION A N D  METABOLISM OF CYTO- 
C H R O M E  ~ - L Y S O P H O S P H A T I D Y L C H O L I N E  MICELLES IN SMOOTH ENDOPLASMIC R E T I C U L U M  VESICLES 

The incubation mi~u re  contained 600 n m ~  [14C]lysophosphatidylcholine, 2 n m ~  [3H]¢~ochrome ~ and increa~ng amoums  of 
v e r d e  p r m o n  in a v ~ u m e  of 0.6 ml. The incubation time was 10 rain at 37°C. The v~ues  ~p re sem ~ e  average of d o u s e  
d~erminations.  FFA, free f a t ~  aods.  

Vesicle Incorpora~d ~bel  L i~d  m~abol i tes  

p ro ton  3 H 14 C ~ C / 3  H LysoPC PC FFA 

( m ~  ( n m ~ )  (nmol) ( nm~)  (nmol) (nmol) 

1 ~ 0 90  308 342 202 93 13 
2.1 1.13 364 322 189 136 39 
3.3 1.14 416 364 142 172 102 
4.4 1.22 429 351 124 163 142 
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TABLE III 

EFFECT OF DH-990 ON INC OR P OR AT ION OF C Y T O C H R O M E  ~ - L Y S O P H O S P H A T I D Y L C H O L I N E  MICELLES INTO 
SMOOTH A N D  R O U G H  ENDOPLASMIC R E T I C U L U M  VESICLES 

The incubation m i ~ u r e  contained 600 nmN [~4C]lysophosphatidylcholine, 3 nmN [3H]cytochrome ~ ,  2,3 mg of v e r d e  pro ton  and 
1.2 nmM of DH-990 ~ a vMume of ~6  ml. The vMues represent ~ e  average of douMe d ~ m ~ a t i o n s .  ER, endoNasmic ~ficMum. 

Accepmr I n N N ~ r  lnco rpom~d  labd Produ~  ~ r m e d  

vefide ( D H ~ 9 ~  3 H ~4 C 14 C / 3  H PC 

( n m ~ )  ( n m ~ )  (nm~)  

Smooth ER - 1~2 382 375 101 
Smooth ER + 1~2 390 382 14 
Rough ER - 0.96 370 385 251 
Rough ER + 1 ~7 446 417 33 

p~otein is low. At cytochrome b 5 to carboxy- 
pepfidase Y molar ~afios of 1:2 and 1:5 the 
degradation is only 15% in comparison to a con- 
~ol vNue of 7%. As Nso seen in Tab~ IV, cyto- 
chrome b 5 inse~ed by fu~on N less susceptible to 
attack by carboxypepfidase Y than cytochrome b5 
incorporated into microsomes by spontaneous in- 
sertion. The grea~r ~abi~ty of cytochrome bs, 
u~ng our method of incorporation, is Mso seen in 

TABLE IV 

A M O U N T  OF C Y T O C H R O M E  ~ RELEASED F R OM  
S M O O T H  E N D O P L A S M I C  R E T I C U L U M  VESICLES 
AFTER CARBOXYPEPTIDASE Y T R E A T M E N T  

To ~ d ~  (5 mg ~ ~ o ~ ,  ~ m ~ n g  5 n m ~  ~ [ 3 H ] ~ m -  
chrome ~ ~ e d  O t h ~  by (A) fu~on as ~sophosphMiNd 
miceltes ~ ( ~  ~ o n t ~  insertion, was added Nther b u f ~ r  
~ontrol)  or increa~ng am oums  of carboxypepfidase Y (CPYL 
T ~  ~ m p l e s  w e ~  ~ c u b ~ e d  at 30°C ~ r  2 h a f t ~  pH a ~ u ~ -  
~ e m  m 6.5 ~ ~e t i c  ~ .  The m e m b ~ n e s  w e ~  pelleted ~ d  
• e amount  M ~ o a ~ i f i W  ~ the supernatant ~ t e r m i ~ d .  E ~  
~ d o N ~ m i c  ~ t ~ u ~ m .  

C ~  ~ /  C ~ h m m e  ~ r e l o ~ d  (%) 
CPY A B 

ER ER ER ER 
veeries  v e ~ d ~  veeries  veeries 

(trypsinized) (trypfiNzed) 

Conuol  7 6 8 8 
20:1 9 7 12 15 

4 :1  12 9 17 19 
2 :1  11 9 21 21 
1 :2  15 18 25 26 

trypsin-treated vefide~ verities ~ w~ch 20% of 
t~e protein ~nd 80% cf lhe NADH~ytochrome ~ 
reductase actifi~ ~ ~move& 

Cytochrome ~ can be incorpor~ed into both 
smooth and rough endoplasmic ~ficu~m as pro- 
t~nqysophospho~pid micelles (Tab~ III). Mito- 
chondfia will not incorpor~e cytochrome ~ as 
~sophospholip~ micell~. The mitochondri~ 
membrane disrup~ under con~fion where the en- 
doplasmic ~t icu~m membrane is smb~ m lyso- 
phospho~pid. A~er incubation of 3 mg of vefide 
protein with 600 nm~ of ~sophosphafid~ch~ine 
in a v~ume of 0.6 ml (de~rgent concenuafio~ 
• 05%~ 80% of the endoplasmic ~t icdum (rough 
and smooth) ~ recovered as vefide proton w~le 
only 30% of the mimchondfi~ protein can be 
recovered in a mitochondri~ membrane pallet. In 
contrasL cytochrome ~ when added without d~ 

TABLE V 

I N C O R P O R A ~ O N  OF C Y T O C H R O M E  ~ INTO S U B  
C E L L U L A R  FRACTICNS OF H G  H V E R  

[ 3 H ~ o m e  ~ ~ 2.6 n m ~ ;  ( ~  10 nmol) w ~  m c u b ~ e d  
~ 1.9 mg of p ro ton  of ~ ther  of ~ e  subceHular ~ a ~ s  for 
10 ~ n  at 37°C. E ~  ~ c  r ~ c d u ~  

S u b c d ~ r  
~acfion 

C ~ o m e  ~ ~ m e d  
( n m ~ / m g  of ~ m O ~  

A B 

Smooth ER 0.44 1.56 
Rough ER 0.47 1.60 
Mitochondfia 0.44 1.51 
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tergenL can be incorporated into both endo- 
plasmic reticulum (both smooth and rough) and 
into mitochondria (Table V). The incorporation of 
cytochrome b5 is in this case the same for all three 
subcdlular fractions per mg of proton, even if 
cytochrome b~, if at all present, is only a minor 
component of the mitochondfi~ 

D ~ c u s ~ o n  

The p ~ o u ~ y  described m~hod for recon- 
stitution of proteins into fiposom~ [26] and used 
for ~corporation of cytochrome ~ ~ t o  fipid 
verities in a tight~ bound form [5], has in this 
study been used to ~corpor~e  c~ochrome ~ into 
its n ~ u r ~  membran~ ~ e  endoplasmic ~ t ic~um.  
The m~ho& which is based on incubation of 
preformed cytochrome bs-lysophospholipid 
micell~ with membrane vefide~ ~ s ~  ~ i n ~  
tion of cytochrome ~ in the membrane. The 
lysophospholi~d, w~ch is incorpora~d t og~h~  
with the protei~ is a c ~ e d  by the enzym~ of the 
endo~asmic ~ f i c d u m  into p h o s p h ~ ,  and pa~ 
is degraded to free fa t~  acid. The ~corporation 
of c~ochrome ~ as protein-lysophosph~ipid 
m ~ d ~ s  is not dependent on a converfion of the 
lysophospholip~ ~ phospholipi& shown ~ ex- 
periments whe~ the ~d th in  a c ~ a n s ~ r a ~  acti~ 
ity is ~ h i ~ d .  

C~ochrome ~ incorporated by our m~hod 
become firmly bound to the membrane and is 
~ f i s~n t  to attack by carboxypeptidase Y even if 
high ratios of carboxypeptidase Y to cy~chrome 
~ are used. Ufing the same ~gh amoun~ of 
~ n t i a l l y  endopeptidase free carboxypeptida~ Y 
[14], cytochrome ~ inserted by spontaneous ~se~  
tion, is rdeased to some extend. This agrees with 
data pubhshed earlier [9] ~though a ~ f f ~ e n t  con- 
dufion was reached. It has been st~e& that c~o- 
chrome ~ inserts spontaneou~y ~ to  the tighdy 
bound form ~ microsom~ [2] while it inserts as 
the loosely bound form ~ fiposom~ made of 
mdrosomM fi~d. This discrepancy is difficuR to 
expl~n, but the posfib~ty e ~  that it reflects a 
lack of test sy~em rather ~ a n  a difference in 
mode of insertion. The use of carboxypeptidase Y 
is probably not always a v ~  ~st  for ~st ing~sh- 
ing between the ~ f f ~ e n t  modes of insertion of 
c~ochrome ~ .  The test is useful when cyto- 

chrome b 5 is insermd into fipid vesicle~ but steric 
hindrance and the availability of other substrates 
in natur~ membranes could slow down the action 
of carboxypeptidase Y d rama t i ca l ,  and thus ~ve 
f~se r e s ~ .  It is no~wo~h~  that cytochrome ~ 
incorpora~d as protein-~sophospholipid m~elles 
into lipid verities is refis~nt to carboxypepfidase 
Y independent of the lipid composition [5]. 

Cytochrome b5 can by our m~hod be incorpo- 
rated both into smooth and rough endoplasm~ 
reticulum, but not into mitochondri~ which lyse 
under the incubation conditions. The mitochon- 
df i~  membrane apparent~ is more sensitive to 
lysophospholipid than the endoplasmic ret~ulum. 
The phenomena cannot be expl~ned s ~ d y  as a 
result of lack of a c ~ a n s ~ r a s e  acti~ty in the 
mitochondri~ membrane [28] as the endoplasmic 
re f icu lum u n d e r  cond i t i ons  where  the 
acyl~ans~rase acfi¼ty is inhibi~d (Table IV) 
show no fign of lyfis. 

Cytochrome ~ itself a p p a r ~  hck spedfidty 
for the endoplasmic reticulum membran~ Thus, 
we have shown that cytochrome ~ will be incov 
porated in ~tro into endoplasmic retic~um and 
m~ochondria to the same degree. Cytochrome ~ 
is Mso found in various subcdhihr  fractions 
(mitochondri~ endoplasmic reticulum and Gol~) 
soon after hbdf ing  in ~vo [29]. The fact that 
cytochrome b5 in ~vo is found in highest con- 
centration in the endoplasmic retic~um, may re- 
flect (as stared by Okada ~ al. [30]) an affinity for 
other more spedfically inse~ed membrane compo- 
nents. These membrane componen~ could be of 
pro~in as wall as lipid nature. If of lipid nature, 
~sophospholipids could be such component~ 
Lysophospholipids are both water soluble and 
membrane s~uble components p~esent in small 
amoun~ in all biolo~c~ matefi~s [31]. They are 
formed as inmrmedi~es in de novo lipid bio- 
synthefis at the endoplasmic refic~um and they 
~so occur as degradation p r o d u ~  when fatty 
adds of the phospholipids are renewed or changed 
into spedfic spedes by the combined action of 
phospholipases and a c ~ a n s ~ r a s e ~  reactions 
which ~so takes place at the endoplasmic reticu- 
lure. Thus, ~sophospholipids are formed dose to 
the membrane in which newly synthefized cyto- 
chrome ~ inserts in ~vo. 

Cytochrome ~ could be p~o~c~d from aggre- 



ga f ion  if i t  is ~ a n s p o ~ e d  ~ the  c y t o ~ a s m  as 

p r o t e i n - ~ s o p h o s p h o l i p i d  m ~ e l l ~ .  T h e  p r o b ~ m  of  

h o w  b o t h  h y d r o p h o b ~  and  cha rged  a m i n o  a d d  

res idues  can  inser t  and  even  cross  a f ipid bf layer  

c o ~ d  be  O ~ u m ~ e n t e &  if c y t o c h r o m e  ~ is i n ~ r ~ d  

in to  the  e n d o ~ a s m ~  ~ f i c d u m  as ~ s o p h o s p h o -  

l ip id  micel les .  W h ~ h e r  t ~ s  m e c h a ~ s m  o p e r a , s  

in ~ v o ,  ~ m ~ n s  to be  es tab~shed .  T h a t  s ~ u N e  

c o m p o n e n t s  migh t  be  i n v ~ v e d  ~ ~ r t i o n  o f  

p ro t e in s  s y n t h e d z e d  on  ~ e e  r i b o s o m e ,  has  b e e n  

r e p o r t e d  for  the  m i t o c h o n d f i ~  p ro te in ,  o r ~ t ~ n e  

c a r b a m ~ t r a n s f e r a s e  [32,33]. T h e  p o s t ~ a n ~ a t i o n ~  

i m p o r t  of  the  p ~ o ~ s o m ~  p r o t d m  c ~ a ~  is ~ s o  

s f i m ~ e d  by  a s ~ u b ~  fac to r  [3~.  In  n d t h e r  the  

m i t o c h o n d f i ~  n c r  the  p ~ o ~ s o m ~  p r o t o n  impor t ,  

is the  n a t u r e  o f  the  s ~ u b ~  fac to r  known .  

A c k n o ~ m ~ t  

T h e  e x p e ~  ~ c h ~ c ~  a s ~ a n c e  of  Ms.  ~ h e  

N y s u o m  and  Ms.  B f f ~ t  H ~ d ~  is g a ~ f u l ~  

~ k n o ~ d .  
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