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Lipid Topogenesis in Microsomal Membranes
II. Asymmetry of Biosynthetic Sites of Phospholipids
and Their Translocation in Liver Microsomes

Tadahiro SATO
Department of Biochemistry (Section 1), Sapporo Medical College
(Chief : Prof. T. Akino)

Biosynthetic sites of phosphatidylcholine and phosphatidylethanolamine and their translocation
in microsomal membranes were studied using phospholipase C (C. perfringens) as a probe to dis-
tinguish the inner and outer leaflets of microsomes. The results are summarized as follows.

1. The latency of mannose 6-phosphatase activity was not affected by proteolytic degradation
with trypsin, whereas the activity of cholinephosphotransferase and ethanolaminephosphotransferase
was eliminated. It seems, therefore, that the enzymes that synthesize phosphatidylcholine and pho-
sphatidylethanolamine de novo are localized on the outer leaflet of microsomes.

2. Incorporation of CDP-(methyl-"*C)choline and CDP-(2-**C)ethanolamine into phosphatid-
ylcholine and phosphatidylethanolamine in microsomes was found to be concentrated in the comp-
artment hydrolyzed by phospholipase C treatment, the specific activity in the hydrolyzed compartment
being approximately two times of the specific activity of that of the unhydrolyzed compartment.
These results indicate that the phosphatidylcholine and phosphatidylethanolamine of the outer leaflet
of the ‘microsomal membranes are preferentially labeled by the choline- and ethanolamine-phospho-
—-transferase pathways.

3. S-adenosy! (methyl-*H)methionine incorporated into phosphatidyl N-monomethylethanolamine,
phosphatidyl N, N-dimethylethanolamine and phosphatidylcholine of liver microsomes. In this
labeling profile, phosphatidylcholine, a product in the final step of methylation, was preferentially
labeled in the compartment hydrolyzed by phospholipase C treatment. In contrast, the labeling of
phosphatidyl N-monomethylethanolamine, a product in the first step of methylation, was found to be
significant in the unhydrolyzed compartment. Phosphatidyl N, N-dimethylethanolamine was labeled
almost equally in both compartments.

4. Liver microsomes labeled iz vivo with (methyl-*H)choline, 1-(1-*“C)palmitoyl glycerophosp-
hocholine or (methyl-*H)methionine were treated by phospholipase C. The specific activity of
phosphatidylcholine in the hydrolyzed and unhydrolyzed compartments was determined. The ratio of
the specific activity between the hydrolyzed and unhydrolyzed compartments was 1.4 in all the
microsomes labeled with the above three precursors. However, in phosphatidylethanolamine labeled
with (1-*H)ethanolamine or l-acyl glycerophospho(l-*H)ethanolamine, the specific activity was
almost the same in both compartments. These results indicate that the equilibration of the labeles
between the hydrolyzed and unhydrolyzed compartments is faster in phosphatidylethanolamine than in
phosphatidylcholine.
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5. Phosphatidylcholine and phosphatidylethanolamine in microsomes were pulse-labeled with CDP

—(methyl-*“C)choline and CDP-(2-*C)ethanolamine.

After reincubation of the microsomes, the dist-

ribution of the labels between the hydrolyzed and unhydrolyzed compartments were measured. The

labelings of both phospholipids in the unhydrolyzed compartment increased with a corresponding

decrease in those in the hydrolyzed compartment.

It should be noted that the equilibration of the

labels between the hydrolyzed and unhydrolyzed compartments of microsomes was much faster in

phosphatidylethanolamine than in phosphatidylcholine.
(Received November 13, 1982 and accepted December 13, 1982)
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1,2-Biacyl-sn-glycerol : CDP-choline cholineph-
osphotransferase [EC.2.7.8.2], 1,2-diacyl-sn
—glycerol : CDP-ethanolamine ethanolaminephosp-
hotransferase [EC.2.7.8.1] & # o @l & 1, Kanoh
and Ohno D HEICEE L T 7. 0.1 M TrissHCI
buffer (pH 8.5), 20 mM MgCl,, 5mM Ex 7/ v & 5
v, 2mM & v w = — LB Na, 1 mM 1,2-diacylgl-
ycerol, I mM CDP-[methyl-**C]choline (} & #%:
0.1 xCi/gmol) % #- 3 1 mM CDP-[2-**C]ethanol-
amine (HhiEHE 0.1 Ci/umol) & 3 7 = v —a (200
#g®EH/ml) % 30C, 54581+ 2~—1+1, Bligh
and Dyer 3 OClgEaiE L. ZolgBESEY 50%
AR = T2EEE L, KEELRITEL . 1,2
-Diacylglycerol i35F PC 2558501,

Acyl-CoA : 1-acyl glycero-3-phosphocholine
acyltransferase[ EC.2.3.1.23], acyl-CoA : l-acyl
glycero-3-phosphoethanolamine acyltransferase
[EC.2.3.1-] &M ix Okuyama ef al.""D kit -
T #l % L 7-. Linoleoyl-CoA i3 Reitz and Lands®
DIFECHE - THB L #=. 80 mM Tris-HCI buffer
(pH 7.5), 20 uM linoleoyl-CoA, 0.1 mM 1-[1-"C]}
palmitoyl glycero-3-phosphocholine (t & # 1
uCi/ymol) % 7z 13 l-acyl glycero-3-phospho[1-2
H]ethanolamine (k& 4 200 X 10* dpm/umol), 3
7wy —n 200 ug HEE/mD) ORIEHE % 30CTH
SR A v Fa—+ L, Bligh and Dyer g:®¢
BB L. CORBESESL—RTHEEZ = <
V57— (BEBE, seegsl a4 s
Al 7003005, v/ PC ¥ 7o 11 PE & 4 B
L, HEHEE A IE L.

2.4 B3z nv—LAPC, PE DR

2+4+<1 In vitro (2 & 18

0.5 mM CDP-[methyl-*C]choline (M & # 1
uCi/umol) % 7= 13 CDP-[2-C]ethanolamine (}k
G 1 uCi/umol), 3 7 » v —u (Gmg&H/ml),
0.25 M sucrose/10 mM Tris-HCI buffer (pH 7.4),
20 mM MgCl, # 37CTC 14 v ¥=2~<—1+, 4mM
CaCl, &hnz, K& L CREHEIEL & oFE#H
7w ) — 4%k AR 24—+ C (C. perfringens) 10
U/m{ T 0C, 304 4% L, Bligh and Dyer &®¢
PEE i L7

S-adenosyl [methyl-*H |methionine izt % 3 7 »
Vv— 2 DOE Y, Hirata ef al® OB E L, S
—adenosyl methionine i & + Kt #wpH » & %2 €
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To%. 8114 uM S-adenosyl [methyl-*H]
methionine (kb 1% # 65 £Ci/umol), 50 mM sodium
acetate buffer (pH 6.5)/0.87% NaCl, 10 mM
MgCl,, # 2z 1 mM S-adenosyl [methyl-*H]
methionine (E:iE#: 2 Ci/umol), 50 mM Tris-HCl
buffer (pH 8.5)/0.87% NaCl, 10 mM MgCl,% & ¢
Bt & 27 m v —2x (bmg&EHA/ml) % 37CTA
VFa~N— M k&L, 25mM NaOH # 7-1305
MHC cxhZhpH % 74 @B L%, 1mM
CaCl,, = 2 &= VY .-+ C (C. perfringens) 30 U/
m/ T 0°C, 104 [ 4L ¥ L, Bligh and Dyer !¢
FeE & HhH L e,

2:4:2 In vivo |2 & HIEH

[methyl-*H]Choline (It 7% % 77 mCi/mmol) 100
«Ci, [methyl-*H]methionine (} & #: 70 Ci/mmol)
100 ¢Ci, [1-°H]Jethanolamine 100 xCi #%h % 0.5
ml{ oEBREKICEMR ¥ 72 1-[1-"C]palmitoyl
lysophosphatidylcholine (i 7% #4 40 mCi/mmol) 10
£ Ci, lysophosphatidyl|{ 1-*H Jethanolamine (Lt 7E %
450 < 10* dpm/gmol) 5 gmol i3 4%I5R58 7 v — £ 1
B77 3 v (Sigma#)/&=HEEK0S5ml kg
L, 7v FPOIRANCHEES U7, 5% 30 £ DTl % TS
ML Zzey—akpi, Z0in vivo 88 7wy —
4 (bmgZ/EBH/M) %k A5 Y-+ C (C perfr-
ingens) 10 U/m/, 1mM CaCl, & 0C, 30%5H1v %=
~— %, Bligh and Dyer )" CIEE % i L 7.
2:5 FFz:2n0v—inZ% PC, PE mEWES

2+4+1 DIRCHRRICEEREMF 12 X v, CDP-[methyl
-*C]choline #7243 CDP-[2-"C]ethanolamine +J¥ 3
7wy —a%37C, 5GBAMvFa—r L%k ZTh
12 10 mM o K=z CDP-choline # #- 3 CDP-ethan-
olamine, X 0°4mM CaCl,zinz T PC, PE &%
EIELIRE, S5 3TCTIvFat—va w305
BT L7c. o, RIGE»L—HEI|o BL, X
L THARY 21—+ C (C. perfringens) 30 U/5 mg
EH/mM! O&MET, 0C, 105MBAEL, 7w esr
nlAR = ()2, v/V) BN CRIGEE LT
2.6 FEEOSDH

FREER 7 vV — ATk AR Y 2= C LT,
Bligh and Dyer " clgE 24h L. ZOIEEhH
BO—8MEBNT, v VIEEE L HSELAE, £
VBB OGS BEY RS B OlERERNS S, —
RCHERE 7 m= 27574 — (BB, 7wmehn
Al AZ /=K 7003015, v/v) TPC, PE%
st dichlorofluorescein c# 4%, Arvidson 2
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CLoEBSANBRBLT, UV YEEBHEYAZE
Lt %7, S#Xni PC, PE % Arvidson® D fk
THESTC, WREE s r< 5 74 LD STF
flicE L. Pentaene & hexaene B\ IHH I # L
7t 7o o ¢, Polyene f& & L 7z. S-adenosyl
(methyl-*H Jmethionine # f\ 74 1%, Bligh and
Dyer 2OClgE #HH, Zo—&nbY) vIFEE LK
HEer BIER, 20 olsE o PMME, PDME %
Fur )7L LTHEAC—RTHERBI m< /T 74 —
(BRI, “red v n-Trer7iAa—n 7
el s K 2:3:1:1, v/v)PE{T\,, dichlor-
ofluorescein ¢ # H L 7. PC (Ry=0.42), PDME
(R;=0.58), PMME (R;=0.69), PE (R;=0.78) X
MEC X <5 EL 2, PMME & PDME 1 phosp-
hatidylinositol (I} F PI), phosphatidylserine (A
TPS) rERDHAKEY FERLE. LaL, BESE
#DEAE wm—2Ah5arn< 0574 —ChHE
T5 L, BEE TOREEN P Y v IREBE S ICEIR
Xh, B VIBEES OBHEEIVESREETH -
o, S-adenosyl [methyl-°*H]methionine &3k o H
B PL PS it iip A 2 hotunisn 2 EhED b
Fo. $€-C, PL PS 24 # L, PMME, PDME =
Hy MRS AEEAA T ACANCTHESEEYBIE L .
PC iz Arvidson #2Vcihiih L TV v B & BSHHE R BIE
L7-. Okano et al. PR Cit Arvidson #E2i2 X %
PC »EINER (1 94.2% 72D T, ZOBEBVTHIEL
PMME, PDME o & Hls L 7.
2:7 xotio3HE

Mannose 6-phosphatase i3 Arion ef al.**DJ5#,
8B v v &2 Bartlett 3 ®HEE L Lowry &2l

SN
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F L 7o, B &l Be it silica gel # & 153 & 12 ACS 1T
(Amersham), silica gel # & ¥ sV BE&ix L =v
VI L — & =5\, WikvvFLv— v a v TR —
FXOBIE L. WBEERE s/ m~ 7771 T
HxhtPC, PESFREDO ALy X, BES 1T A
AR, mYSEo NaCligdh, 50% % 2 —1 05ml
FEER 1 {2 in 2 BA L7, ACS 11 10 m/ 02 TH
EER, i —BRRE SRS A RIE LT

3 ERBRBER

3.1 PC, PESHBZEMITI/ DYV —LIBIIARE

FY T, kAKY - CUERFI 70— A
w3513 % PC, PE & lBER IS HIE Ot R % Table 1
1z~ L 7-. mannose 6-phosphatase 1 ¥ o & & ¥
(78.1%) NHERINTWAHEIY Ty vl 7w/ —
A T 8\~ T, cholinephosphotransferase §if ¥ o
88.29%, ethanolaminephosphotransferase & # @
66% kb i, T ORKRIIEERENI 2 r Y — a5
BB+ 5 &2 RET 5. 1-Acyl glycero-3
—phosphocholine (Ll F l1-acyl GPC) acyltransfe-
rase, l-acyl glycero-3-phosphoethanolamine (A
F 1-acyl GPE) acyltransferase {&Mi3 v U 7o v 4L
H:rzey—aTEREL, &£V VIBBEOHS0%5 &
THEDFRAKRY - CTIrny— B
BELALThote. mAR) A—ECUBEH LY 7
v VAR5 & mannose 6-phosphatase {& DO TE
Mk N DD, ol l-acyl GPC acyltrans-
ferase i 4 o> 88%, l-acyl GPE acyltransferase /&
MWD BIREEIEL Tte, ZTRbDOFEHIL, W7 oL
{LEER LN ) T VBRI S » CEEFLIEET, %

Table 1 Effects of trypsin and phospholipase C (C. perfringens) on the activity of phospholipid
biosynthetic enzymes associated with wmicvosomes from rat liver

9% Activity
Treatment of 1,2-Diacylglycerol : 1,2-Diacylglycerol : Ac . .
[ 3 % - yl CoA:l-acyl - Acyl CoA:l-acyl ) 5
icrosmes clgfl)i;lceh?ll(l)gehotrans— ectggngglﬁggialggslehotran& glycero-3-phosphocholine - glycero-3-phosphoethanolamine g/}llirslggziaze
ferase Phosp ferase PRosp acyltransferase acyltransferase
None 100 100 100 100 100
Trypsin 11.8+0.7 34.0+ 4.6 88.5+3.3 101.0+ 5.7 78.1
Phospholipase C 74.6%+3.3 73.0+ 5.9 101.8+2.6 79.3%13.7 75.0
Phospholipase C 2.8+1.9 29.3+16.2 87.9+1.6 58.7+ 2.7 11.3

+ trypsin

Microsomes(5 mg protein) were incubated with 1.0 mg trypsin, 50 mM Tris-HCl, pH 7.4 at 37°C for 30 min. Soybean
trypsin inhibitor(1.0 mg) was added to terminate the reaction. Microsomes(5mg protein) were also incubated with 10 U
phospholipase C (C. perfringens), pH 7.4 at 0°C for 30 min.  Aliquots were removed from the incubation mixture and
incubated with 0.4% sodium taurocholate in 50 mM Tris-HCIl, pH 7.4 at 0°C for 30 min. Enzyme activities were then

determined. Values are means +5.D. (n=3). Values of mannose 6-phosphatase are means of two determinations.
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WY VIEBEOSRIT L - ThIEREER I D RER
TIZw Y - sRICHFELTHAZ R LTED, b
Y Foyv, RAKRY A= CUBITL » TiH7 v {LEE
BN/ w Y - AR AREYHLNCTH I LI
TEinvEBbni.
3:2 In vitrolz B} ZBAEMENF IR — 4
PC, PE~E NiA#

¥ $ 7 v v — 2% CDP-[methyl-*C]choline, CDP
-[2-“CJethanolamine & 4 v % = ~<— » L&, KA
)= C AT, 5 PC, PE & X 0%k PC,
PE o i A sk (Fig. 1). 48 PC, PEti 7w
v — i, Ko PC, PE xRl BT 54 0
LT, TR zey—abbll, ARIEERT Z 2T
%. CDP-[methyl-"*C]choline, @ PC ~®OH 0 AZLiT
AR ARBEOR 2 5 THY, 1 vFa~- 2312045
TH I DEIEED B 7nh oz, CDP-[2-1*Clethan-

301

Specific activity(nmole/umole)

17 ey — AEREOBECET 2R 103

olamine ® PE ~DH » AL HMATEH CH -7z L
L, 4vFa~<— a2y 30450%cidsMl PE o biE
2R PE o9 2 & Th 52, 120 50HHE PE ot
FEEAE PE iUk, PCoOBE L 1IR -
Tufe. AvFa~<—avERE 2, 54) TAN
PC, PE 83 lag #58% % = LXK - Tehy, &
D#EH 1z, CDP-choline, CDP-ethanolamine % £
3% PC, PE © de novo &E,533 7 =V — AN EICHE
ELTHbhTWwWa Z E&RL, ERROBREEREE
BB LY —-F LT\, ¥, $7uy—aAAlTde
novo W E Ehic PC oA~ ENTEV A, PED
BENIPC LW QIEHTHH Z EBTEEIN T 5.
KT, PE DA FAIC L D PC A& BHEED A
5 1 F et B (K, S-adenosyl [methyl-*H]methionine
YR smy—nbAavFa—F, 170V 5s5
fl, P3|l PMME, PDME, PC 0l b ;A% a8t Lic.

PC PE
30~
204 S
O,
L
L ]
104 Y
0 T U T
10 30 60 120

Incubation time (min)

Fig. 1 Incorporation of CDP-(methyl-**C)choline and CDP-(2-“C)
ethanolamine into phosphatidylcholine (PC) and phosphatidy-
lethanolamine (PE) in hydrolyzed and unhydrolyzed compart-
ments of rat liver microsomes by phospholipase C (C. perfr-
ingens). Microsomes (5 mg protein) were incubated for different

times at 37C with CDP-(methyl-"*C)choline (0.5 mM,

1 xCi/

umole) and CDP-(2-"“C)ethanolamine (0.5 mM, 1 £Ci/gmole) in
0.25M sucrose/10 mM Tris-HCI buffer (pH 7.4) containing 20 mM

MgCl,.

The reaction was stopped at the appropriate times by
addition of CaCl,(4 mM).
phospholipase C (C. perfringens) at 0°C for 30 min.

Microsomes were then treated with
Lipids were

extracted, and the unhydrolyzed phosphatidylcholine and phos-
phatidylethanolamine were separated by thin-layer chromatogra-
phy. The radioactivity and amount of phosphorus of these
lipids were determined. The specific activity of hydrolyzed and
unhydrolyzed phosphatidylcholine and phosphatidylethanolamine

was then calculated.

O0——0 , hydrolyzed compartment; ®——e , unhydrolyzed

compartment.
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D4V F o S —v vy, Hirata ef al?® o
%E%: IZHE LS, S—adenosyl methionine B & & KIS
pH #%5 % TfF »7-. S-adenosyl methionine DHz 154
L2 87 5 PMME/PDME/PC o . i3 S—adenosyl
methionine 1 mM, pH 8.5 & # &, S-adenosyl
methionine 4 M, pH 6.5 D&, HrfH1/2/3 T
Botz (MvFax—vav1204) », pHB8S5 D
E0E H AL pH 6.5 DS 10 B TH -1 (Fig.
2). FREMEAHT T, A vEa-vaviic
PMME, PDME &RNERTH S Z LR ENT 5.
pH 8.5 » &t (Fig. 3), PC sl ~AHDH 2
B AT, Sk L, PMME i xA@IOH b A
SSEIE D S FBHTH 7. ¥ 7o PDME ~0H b d
SRR L 0 BV, FOEMENTH -7 pH

A

BOEL

ALIRER BE

6.5 D&l (Fig. 4), PC DR AL 3AMElZ A
Mok 2 EchH o, PMME cizpdEl o b Az o4l
IhiEd-te. PDME Cizftvda~—>av 3049
F TR 2, 120 5 CIAHMEIOEL D AL <
PUE TSNS I vl
3:3 In vivo (253 2 ERIEWEOFI /0 — L4
PC, PE ~ENAH

[methyl-*H]Choline, 1-[1-**C]palmitoyl GPC,
[methyl-*H]methionine % 7 » » FANR N 854 30
FORPS S LI 7ay — Ak kALY A—ECT
AL, SMAES I OPA PC ~DRLY ;AL\ TR
L 7z (Table 2). [methyl-*H]Choline »s & PC o
diene &, 1-[1-*C]palmitoyl GPC ¢z tetraene &,
[methyl-*H ]methionine 5% polyene F&23E & L C

3+ PC
21 PDME
1 PMME
0 ! T T T L

0 30 60 90 120

Incubation time(min)

~ 30
a
) PC
a
§ o 20
= g p
5 g DME
8 2
g 2 10 PMME
(= @
- 9
€
o
0 T T T T
o 30 60 90 120
Fig. 2

Incorporation of S-adenosyl (methyl-*H)methionine into phos-

phatidyl N-monomethylethanolamine (PMME), phosphatidyl N,
N-dimethylethanolamine (PDME) and phosphatidylcholine (PC)

of rat liver microsomes in high pH (A) and low pH (B).

In A,

microsomes (5 mg protein) were incubated with S-adenosyl
methionine (1 mM, 2 ¢Ci/gmole) in 50 mM Tris—HCI buffer (pH

8.5)/0.87% NaCl, 10 mM MgCl,.

In B, microsomes (5 mg pro-

tein) were incubated with S-adenosyl methionine (4 uM, 65 Ci/
umole) in 50 mM Na acetate buffer (pH 6.5)/0.879% NaCl, 10 mM

MgCl,.

Lipids were extracted and separated into phosphatidyl

N-monomethylethanolamine, phosphatidyl N, N-dimethylethan-
olamine and phosphatidylcholine with carrier of phosphatidyl N
-monomethylethanolamine and phosphatidyl N, N-dimethylethan-
olamine by thin-layer chromatography. Values of pmole-10?C
*H,groups incorporated into gmole total phospholipid are plot-

ted against time of incubation.

in this figure.
essentially the same results.

A typical experiment is shown

The experiments were repeated two times with

A——A , phosphatidyl N-monomethylethanolamine; o——uo |,

phosphatidyl N, N-dimethylethanolamine; =

choline.

m , phosphatidyl-
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_w, PC s0. PDME PMME
o.
]
o
a
c =
g @ 20 20 20+
5 2
g &
§ 5 40 104 104
s 39
<}
E
L c
o T T T T 3 T T T e o 1 1 U T
0 30 60 90 120 30 60 90 120 30 60 90 120

Incubation time(min)

Fig. 3 Incorporation of S-adenosyl (methyl-*H)methionine into phosphatidyl N
-monomethylethanolamine (PMME), phosphatidyl N, N-dimethylethanolamine
(PDME) and phosphatidylcholine (PC) in hydrolyzed and unhydrolyzed
compartments of rat liver microsomes by phospholipase C (C. perfringens).
This experiment was carried out under the high pH condition described in
Fig. 2. After extraction of lipids, phosphatidyl] N-monomethylethanolamine,
phosphatidyl N, N-dimethylethanolamine and phosphatidylcholine were separ-
ated by thin-layer chromatography. The radioactivity of these lipids was
determined.

O0——0, hydrolyzed compartment; @——e, unhydrolyzed compartment.

3 PC s PDME PMME

Incorporation
(pmole-102/umole lipid-P)

T 1 T o I T T T T
0 30 60 %0 120 0 30 60 90 120 0 30 60 9 120

Incubation time( min)

Fig. 4 Incorporation of S-adenosyl (methyl-*H)methionine into phosphatidyl N
-monomethylethanolamine (PMME), phosphatidyl N, N-dimethylethanolamine
(PDME) and phosphatidylcholine (PC) in hydrolyzed and unhydrolyzed
compartments of rat liver microsomes by phospholipase C (C. perfringens).
This experiment was carried out under the low pH condition described in
Fig. 2. After extraction of lipids, phosphatidyl N-monomethylethanolamine,
phosphatidyl N, N-dimethylethanolamine and phosphatidylcholine were separ-
ated by thin-layer chromatography. The radioactivity of these lipids was
determined.

O——0, hydrolyzed compartment; ®——@®, unhydrolyzed compartment.
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HRInt. wTFhofHsdbaeikoPC (UF, £
PC) O4BREL 0 LEHPCOSBERNEL, HE
D PC Lk4# (WED PColtiEttoktiy, £
TOEHIMBYECIHERILE Q.4 ThaTe. D
BRI, BEEEOHMEBIR V- TEZORENTAETH -
# l-acyl GPC 07 v bk L 5 PCoAHd, £
ELTHHICA T TS 2 bR R L C0A. In vitro
-¢ CDP-[methyl-"C]choline & 5 48 4 v % = ~<—
va VRN LI 2 e v — a0 PC LR PC
DOHEMIIT2.1 75D T, n vivo (BRI EIR S
B3O I 7wV — AT, HMirLAR~OHE
PC oB# 1R E T EE 2bhD. FlIOERE,
3 7w — AT EE X R ePC 23D I~
15K PCoGRERCLIZER, KIUPCHT
R TAERIINVIELRL TS ERDNS.
[1-*H]Ethanolamine, lysophosphatidyl[1-*H]
ethanolamine % L3R &R UL T » FPINRPICE 55 30
SO 7 r Y — a3 5 PE ADE D :AZ 0200~ T

SO A

FLIRER BE

¥st L7z (Tabled). Zh o 0EBRFIRHE,LE L
LTHR Zh % PE o4 FFii3, ethanolamine X
polyene f&, l-acyl GPE T I tetraene & T & - 7z,
PEn#H& 13 PC Lz Ry, £k PE (LT, &2
PE) o4 fRE LE#% PE ooMR R LT, 7
D PE Ek4f8 (KD PE o & 3E 7 il
FETH -~ 1. FOLEM,OET [1-°H]ethanolamine
11 1.10, lysophosphatidyl[1-*H]ethanolamine ¢
121.04 TH-te. In vitvo wffF 3 7 » v — 5 % CDP
-[2-"C]ethanolamine & 5 51 v F 2 X—>a v L
7o D738 PE L5 8 PE o lLEMOHIT1.8 TH -
fe. % v PE ¢, Sl & AEIOBE SRy T ES
BEEL, PCIodBEWEELLNL TR
b, PEOGEBEERIOS FRECETAER I E
Ezbhio
3-4 #H&EPC, PEn 5 ny— LEABEH

i 7 » v — &% CDP-[methyl-"*C]choline %5\~
13 CDP-[2-"C]Jethanolamine & 37°C, 54 R 1 v

Table 2 Asymumetrical labeling of phosphatidyicholine in vat liver wmicrosomes by various prec-
ursors. Probe by phospholipase C (C. perfringens)

In vitro (5min)

In vivo (30 min)

1-(*C)Palmitoyl

CDP-(*C)choline (*H)Choline (®H)Methionine glycerophosphocholine
Label distribution among molecular
species of phosphatidylcholine (%)
Monoenoic - 20.2 6.0 7.2
Dienoic - 57.8 23.1 20.1
Trienoic - 3.5 3.0 2.5
Tetraenoic - 10.2 24.5 48.9
Polyenoic — 8.3 43.4 21.3
Hydrolysis (%)
Total phospholipid 40.5 54.3 42.7 50.2
Total phosphatidylcholine 51.5 68.2 51.9 65.7
Labeled phosphatidylcholine 75.2 75.3 60.3 70.5
Specific activity (dpm/nmole) H/U H/U H/U H/U
Total phosphatidylcholine 21.3 458 387 4.15
Unhydrolyzed phosphatidylcholine (U) 15.3 } 359 } 320 } 3.28 }
. . 2.09 1.41 1.41 1.39
Hydrolyzed phosphatidylcholine (H) 32.0 506 450 4.57

(methy1-*H)Choline (100 £Ci), 1-(1-*C)palmitoyl glycerophosphocholine(10 £Ci) or (methyl-*H)methionine(100 zCi) was
injected into the portal vein of rats 30 min prior to sacrifice and preparation of liver microsomes. Aliquots of the in
vivo labeled microsomes were taken for analysis of molecular species of phosphatidylcholine. The in vitro labeling of
microsomes by CDP-(methyl-“C)choline was done as described in Fig. 1.
were treated with phospholipase C (C. perfringens) at 0°C for 30 min. The lipids were extracted and unhydrolyzed pho-
sphatidylcholine was separated by thin-layer chromatography. Percent hydrolysis of total phospholipid, total phospha-
tidylcholine and labeled phosphatidylcholine was determined. The specific activity (dpm/nmole)of total and unhydrolyzed
phosphatidylcholines was determined and that of hydrolyzed phosphatidylcholine was calculated from hydrolysis of total

phosphatidylcholine.

The in vivo or im wvitro labeled microsomes

Results are averages of two determinations.
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Table 3 Asymmetrical labeling of phosphatidylethanolamine in rat lver microsomes by various
precursors. Probe by phospholipase C (C. perfringens)

In vitro (5 min) In vivo (30 min)

1-Acylglycerophospho—

CDP-("*C)ethanolamine (CH)Ethanolamine H)ethanolamine
Label distribution among molecular species
of phosphatidylethanolamine (%)
Monoenoic — 7.3 6.2
Dienoic - 18.2 21.4
Trienoic - 0.9 0.8
Tetraenoic - 19.4 45.0
Polyenoic — 55.2 26.6
Hydrolysis (%)
Total phospholipid 42 .4 40.5 48.1
Total phosphatidylethanolamine 33.3 46.2 52.0
Labeled phosphatidylethanolamine 48.4 48.9 53.2
Specific activity (dpm/nmole) H/U H/U H/U
Total phosphatidylethanolamine 17.2 946 57.7
Unhydrolyzed phosphatidylethanolamine(U) 14.2 921 56..
Hydrolyzed phosphatidylethanolamine (H) 26.1 }183 1012 }IJO 59, }104

(1-*H)Ethanolamine(100 ¢ Ci) or l-acyl glycerophospho(1-*H)ethanolamine(10 ¢Ci) was injected into the portal vein of
rats 30 min prior to sacrifice and preparation of liver microsomes. Aliquots of the in vivo labeled microsomes were
taken for analysis of molecular species of phosphatidylethanolamine. The in vitro labeling of microsomes by CDP
-(2-“C)ethanolamine was done as described in Fig. 1. The én vivo or in wvitro labeled microsomes were treated with
phospholipase C (C. perfringens) at 0°C for 30 min. The lipids were extracted and unhydrolyzed phosphatidylethanol-
amine was separated by thin-layer chromatography. Percent hydrolysis of total phospholipid, total phosphatidylethanol-
amine and labeled phosphatidylethanolamine was determined. The specific activity (dpm/n mole)of total and unhydrolyz-
ed phosphatidylethanolamines was determined and that of hydrolyzed phosphatidylethanolamine was calculated from

hydrolysis of total phosphatidylethanolamine.

Fa~—1, BE A0mM) o FkEZz CDP-choline
» %A - ir CDP-ethanolamine, CaCl, (F R E E 4
mM) #inz <, PC, PE &EixEL, ¥5H137CTA
VEaS—vaVERFETL, 17r - 20MAER
filo PC, PE D IbiEMEH 1 v F 2 ~N— v 2 VER L3
IBBR L 7. R Fig. 5 RS n s, RIGE LR,
OF DBEBRBEIC KT A I sV — A THEIRK
PC o liEk i, MU PE oM 2 ETH -7 S
PC o HoiE i B BRI & i3 s ot L, R
PC othiER IR« ER T3 2 L@ bhie. PE
DHE S FEROBRFRD b e, HICwHE{ks
ZHPTH- T Tiobb, BB 4% T PE
DHERIIEL LB L, Al PE oER R
B ot b7 R LI PE OFDHEOLEIIEERLHTH -
o, TR, 7wV — a8MUT de novo LB
Ehic PC, PE MBI Z LR LTV 5.
72 PC & PE Gl OENBENCHA L IEV-OHDH

Results are averages of two determinations.

ERTRE S he.
4 % =

K s 72 v — 22835 PC, PE&SROB
BT AFEEE L ChAKY <—+ C (C. perfr-
ingens) % F\,, HMEER I 70/ — 2B TR TAMHL,
54 PC, PEir: 7 » v — 240, RHMPC, PE i
Al E L THFET S HREL TThhic. 20k
EMNRILT B 2 EIEROCEE Lz, ABicknT
LECHERZINT A, AARY A—FCizkh 7
Y —ag ) VIRE O 0% T A, & PCo
SR 3 60%TH B B, in vitro iz CDP-[methyl
~U4C]choline CiZ# X3tz PC OSBRI 75-80% T
ot i, 4 PE OSMRERIIH 35-40%TH L,
in vitro 1= CDP-{2-"“C]lethanolamine C#E3% X 117z
PE o 53 #1313#7 50-60% T, B3 HhsciEs; PC, PE »
SiREN 4 PC, PEOGE L Y AFEWZ E2REh
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Fig. 5 Chase of labeled phosphatidylcholine(PC) and phosphatidylethanolamine (PE)

in hydrolyzed compartment (outer leaflet) and unhydrolyzed compartment
(inner leaflet) after incubation of pulse-labeled microsomes in the absence
of continued phosphatidylcholine and phosphatidylethanolamine biosynthesis.
Microsomes were labeled by incubating with CDP~ (methyl-*C)choline or
CDP-(2-*C)ethanolamine at 37°C for 5min. The reaction was stopped by
addition of unlabeled CDP-choline or CDP-ethanolamine, and of CaCl,(4
mM). Thereafter, the incubation was continued at 37°C for 30 min. Aliqu-
ots of the microsomes were taken at the appropriate times and incubated at
0°C for 10 min with phospholipase C (C. perfringens). Lipids were extracted
and unhydrolyzed phosphatidylcholine and phosphatidylethanolamine were
separated by thin-layer chromatography. The radioactivity and amount of
phosphorus of these lipids were determined. The specific activity of phosph-
atidylcholine and phosphatidylethanolamine in hydrolyzed and unhydrolyzed
compartments was then calculated. Values are taken from a typical
experiment, because the values of specific activity varied between experim-
ents, though the results were essentially the same in three experiments.

O——0, hydrolyzed compartment; ®——e, unhydrolyzed compartment.
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V= 2AMUCEET A2 EAURERTED, ZhbD
EEMLRRAKRY - ¥ CTHMEING PC, PE 3£
ELT s m V= aSMAVEFET B & LCEEE I 7
EEzbhb.

37 mY - ATBITL Y e [BEARBERT, b

BRI 7 e/ — AEXER LI 59 ¥ 05
BYEASY ¥ —RWE L7 220045 TV A DT,
EOSBBERLEICL D, 78y — AOBREER
RELEZNAEDLEILNEED I 70— 2B 5 3
XML —DODRE LT3, FhebhbRELR
NBRLIE, FTOBER: 7ry—20MMlEEL
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i, ARl @7ET 5 EHET 4. Cholinephosphotra-
nsferase, ethanolaminephosphotransferase J& 4 i1,
szmy—aDFEN) SV, Y FUVAETIE
FREETELEINADT, MEBRILI 77 — a4
A RTET 2 LB 3 CE e, R TH R
DRERNB 5T\, Glycerophosphate acyltran-
sferase, 1-acyl glycerophosphate acyltransferase
EMEIT T 2 —E IR L O Mercury-dextran 4Ligs?
TAHRELZ R, mA7 7 F O VvBEERT A7 >
LEERIL: 7 vV — 2SIV RET A 2 & EYZ R
T 5 4%, l-acyl GPC acyltransferase, 1-acyl
GPE acyltransferase i 7 v WAbBEED 3 7 2 V' — A
AREEEETAHE v, RFREE T, PV 7
v, RAKY - CUBTIOW 7 v A (LEERT
FETHY, ARV - CHUBE LY 7o v T
81734, mannose 6-phosphatase /Do iEL
L HIb# LT HEREEIERFL T 2ED,
IOFETIET VAALBEED I 77 Y - A AREY
WETHZ Lz TE ik Bk, Hasegawa-Sasaki
and Ohno*ixfF 3 7 » v — A » l-acyl GPC acyltr-
ansferase {HEH TR EEEFIELE T Y oy, ~00
A VTHBL TCHRETEED, RwAKY —H A, KA
AVt —2C (B. cereus) B TINEETHDH I &
2R, ZOEEFEITI 7 v Y — 4T hydrophobic
G ) VIRETEEINICRECELET S &0EE
MERCEETHL & L. BE, m ovivo 5 1L1
-[1-“C]palmitoyl GPC CEE# 173 7 = V' — A%k
AR Y - CHFR LT, Ei PC iy 10% 5 5
X h, Z kit [methyl-*H]choline # 5., > % b de
novo W EIN PCOBELRALTHHZ b, 1
-acyl GPC acyltransferase (33 7 » v — 2 SHAlCFE
ETHLDEEZT 5.

PE N-methyltransferase i&#: 13, PC % £ 5% &
LTRIELLE, P S vBCERETS - R
HIni LaL, PMME, PDME #4584 & LT
BIE U 7cFF O B2 Tirlst vt iz, Hig-
gins®IfF 1 7 » V' — A1 BT S-adenosyl [methyl
~4C]methionine 1 mM, pH 8.5 ¢ » & /L 2 131 PC~
3o bbHhiAEhn, PMME, PDME ~oH YAzt
#E»TDH v, S-adenosyl [methyl-*“*C]methionine 4
M, pH 65 €2 513 PMME, PDME ~F L LT
BhiAEnb EB/ELL. ARETLIELEHTT-
7oy, pPH8S 0BFE, £V VIEE~DEY A%z pH
6.5 DFEDOW 105 TH -7 Eie, EVv-pH OBE 1
VF a2 S—va vk, PMME, PDME ~onEy

1Ry - AEEEOBECET L HE 109

DRSDEETH - 720y, T (120 510 v F =2 ~—
w2 V) @4 PMME, PDME, PC ~olth A
ZOEIEIHL: 2 3 TRER L TH - 7. Higgins®
11¥ 7, PMME &3 7 » v — 2\, PC AR
17w = MMACIThbR S - ERR LI RFGED
37 ey — x4, Ao PMME, PDME, PC ~oEL
O Az BET A HE R Higgins® o B AR L. D
F 09, PE RO 2 F LA ciThbh, #5241k
DEEBWTH D PC OEBRAMITE > T b L X
%. o4 S-adenosyl methionine (33 7 » V' — &
BEArEBELTAECERE L ik biuwEBbh
%, OB S, S-adenosyl methionine o
B A ML T 5 D ah dnhuisy . PMME 2»
© PDME o443, Pt PDME 2\ER S Tab
SEl~B &+ 5, PMME 48l ~B &%, sa-
PDME »4 2 5, PMME o 2 5 44k & AET~D
BErErEI s W BErELLRS. AT
BN PDME £ 5 BB TH A1 HETS
ZERTE ST

PC, PE o de novo &Fh 3 7 = V' — A 5HICTTH
nHOIEFEGe. PCERIBEISTABED SBT3
7r Y= sHAICRETS 2 EBMLA TS50 E
R #ERES T H 5. 1-Acyl GPC acyltrans-
ferase DREIARBTH B, PCHERCREAET EHR
OXKEEFI 7w V-2 RET S EBbhs. L
L, PC, PEi: 7oy — a0l ELEL, -
AW A MEER B Ntk RREER G &
N5 ST rey - sfMTER IR PC, PE
BREABE L b, $ e -0 Y
IBE_&ERE o PC, PE 2 Ml A~ H 51X
B BAMU~BE T 2B OFEMITHTH S, "1 7
7/ APl PE 252 F 14Lo@Ricisy Tl PC
~FHa X5 © vt Higgins®i X h 5t Shviass, —
M- AHELY v BB oBEN flip-flop’ it & - TiEe -
ThAEEZLRTA. ‘
JEE—BE+ o) VIEEOR I MBENL AYV T
AL T NMR® % Hus, U ARY — A THEINRT
X, VAEY—sro—fllAry <ALy VIEE
P CFE# &35 half time 1310-30 H L BIESHh
7-9. L2, native 0EHZEIEEKBE T AV —
LD L 3 FTr b flip-flop (XH\EE TET TS &
# 5 LT\ 5%, Zilversmit and Hughes®™i3) v 5
BABEAY AT [MClcholine #3% : 7 = V' — & p»
53 bav Y TAPCHrBEIT 2R, 82-85%DEH
PChzstada - b R Lic. UV vIRETEEL IR
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7R =AU NVDORAINTEL D EDER X
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Please make corrections from 1) to 4) with errata

Errors———Corrections

1) p.89 : the 6th line from the left under
7 FPIIRMES L, 7o MERENERS L,

2) p.90 : the 3rd line of the figure legend for Fig.1
L—(4, 5—3H)1eucine(100pCi)-—»L— 4, 5—3H)Ieucine(25uCi)

3) p.92: the 2nd line from the left top

IR B & 1% RRiE M B -t
4) p.105 : Fig. 3 PMME
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20 |
10 10
\Co
0 0 o




