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1. Introduction

S1pdies on the ehrcidation of plasmalogsn biosyn-
thesis carried cut in a number of laboratories on a
variety of tissues {1—10] and our unpublished in vive
experiments with 15 day old rat brain have indicated
that hexadecanol serves as a betier precursor for the
gther kinked long chain moieties of elhenolamine phos-
pholipids. These studies further suggested that 1-0-
alkvl lipids serve a8 precursors for the §-0D-atkenyl
iipids. Based on the available data, the formation of
ethenolamine plasmalogen has been proposed to pre-
geed via the following sequence of reactions [11-13]:
Dihydroxyacetone phosphate + alcoho] - 3-0O-alkyl
dinydroxyaceione phosphate BADEH 5 0.alkyl glveero-
vhosphate = 1-{halkyl 2-acv] glycerdphosphate ~» 1.0-
alkyl 2-acyl glycerol + CDP ethanclamine — 1{-alkyl
2-acyl GPE -» 1-{halkenvi 2-acyl GPEY. However, the
exact stage at which biodehydrogenation takes place
is no1 established and several possibilities exist. Jn ¥ivo,
{3, 7, 10, 13—15] as well as in »irro experiments
[16—18] indicated that intact 1-D-alkyl 2-acyl GPE is
desaturated 1o 1-O-aikenyl 2-acyl GPE. On the other
hand, in »ive studies of Debuch and her colleagnes
[19, 20} with myelinating rat brain suggestzd that the.
vlasmalogen formation imvolves dehydrogenation of
the ether bond to form un enovl-ether bond mainly
at the stage of Iysophosphatides followed by acyletion
of lvzoplasmalogen and this possibility has also heen

* Abbrevierions: - : " ‘
. iGPE: glv t'“mphusphoryl thannlaming; GFC: glycerophos-
phorylcholine; DIE: ﬁuhmﬁx}, Toritol; TLC: Thin-layer *hm-

. matography. -

_ » Narm-Hp Hand Pubhshmg uGompgmy Amﬂerd.:rm .

considered by Paltenf | i3], Supporting this pathway,
the acyiztion of 1-G-alkenyl GPE giving rise io ethanol-
amine plasmalogens by 16 day old rat brain ccll Hice
preparations is reporied kere.

2. dlethods
2.1, Preparation of 3 P.labelled I-glkenyl GPE

[P P]0Orthophosphate in saline was injecied intra-
cerebrally {o 15 day old rats {spprox. 300 uUi animal). -
The rais were sacrificed 24 fir afier injection, brains
revaoved and the total lipids were extracted {21]. The
lipids were freed from proizolipid protein {22} and
ethanclamine phospholipids were separated by pre-
parative TLC on silica gel U {ACME Synthetic Chemi-
cals, Poona) using chﬂ@mfum.mmh@nai:waier
(65:25:3, v/¥/v) as solvent. §-Alkeny? GPE was pre-
pared as described by Waku snd Lands [23] stariing
with 80 pmoles of ethanclamine phospholinid. The
crude 1-alkenyl GPE was chiomatograghed ona 5 g

column of silicic acid and eluted with 30 mi each of
chiorofonm, chicroformimethanol (4:1, v/v), enioro-
form:methanol {3:2, v/v), and chloroform:mmethanol
{2:3, v/v). 10 mi fractions were collected, 1-Alkeny!
GPE was eluted mosily with chieroform:methanol

{3:2, v/») and with the first fraction of diloroform:

methanol {2:3, vfv). The fracticns coniaining 1-alkenvi
GPE were pooled. This gave a singis spot on TLC and
it was foriher chrracterised by chromaicgraphy on

- TLC using chloroform:methanol:water (65:25:3, v.ivjwl
_e*;pasms t—a HC] TE];’]E& a1 ;d chs Dmamgrapm' in the
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second direction with chloroform:methanol: ammonia

(100:30: 12, v#v/v) 124], This procedurs indicated that o

9% of the toiel counts and 93% of lipid phosphorus
were present in 1-alkenyl GPE. Thus th2 preparation
‘contained abent 5—8% of ]-uikyl GPE.- ‘

2.2, Enzvme asswy

Sixieen day o 4 rats were killed by decapitation and

-brain homogenaies were preparcd in 0.25 M sucrose
rontaining 102 11 EDTA {pH 7.1) using 4 mife 1is-
sug. The ritockhk ndrig and microsomal fractions were
prepared by cenirifogation at 22,000 for 30 min snd .
100,000 g for 30 min, respectively, as described by
Ansell and Spe..ner [23]. The brain preparations were
incubated with 1-alkenyl GPE in a toial volume of 1.2
ml o3 described in the tables and the reaction was ter-
minated by the addition of 2 ml of methanol. The
lipids were extracied itom the sssay mixiure by the
smethod of Bligh angd Dyer [36). The lipid extract was
resolved by one-dimensional TLC using chloroform:
methanol:water (65:23:3, ¥/v/v) and counis in 2thanol-
amine phospholipid spoi were determined with a Beck-
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man 1.5 100 liquid scintillation counter. The radioac-
1ivity in the ethanolamine phDSphD]ipia spoOt was taken
as 3 measure of the enzyme activity, The radioactivity
in the WIPex aqnemns methano! phase of the lipid ex-
tracts of enzyme dipesis was 1aken a8 a measurs of the
lysoplasmalogenase activity. The values expressed in
‘tables were corrected for zero min controls.s

Phosphorus was estimated by the method of Bartlelt
[27] and protein by Lowry et al. [28],

3. Results and discussion

Acylation of 1-alkeny! GPC with long chain fag,
acid thioesters was demonstratzd in Fuman eryihrie-
cytes and rabbit muscle 123). Simila: ~~vltransferass
reaciions were zlzo shown to oeenr v, woth bakeryi-
or l-alkyl GPC in rabbii sarcoplasmic ; eticubum ang
Ehriich Ascites mumor cells {23, 30] 214 102 smail 2x-
1ent in intestinal mucoza [31] but ne sppreciable en-
zymatic activity could be observed in: brain and hez st
homogenates {231, In contrast, acylation of eithe: lmk-
ed lysoethanolamine phosphaiides has not been report-

Table 1 :
‘if}'ldimn of #Pigheijed ] l-alkenyl GPE by Lﬂ bmm prepuraiions, -

Experiment 1

Experiment 2

l~alkemy] 2-acyl

Incubalion Protein Protein . Asalikenyl 2=acyl Lysoplasmalo-
mixiue : . i) GPE formed {mg) -GPE formed Zenase aciivily
' inmolesfimzih) - inmolesimgfhr) . 2 {nm@jwes_fmghx)
1, Hewmogenats ‘
Compleie 1.81 32 1,85 3,5 6,3
—ATP, —CnA 16 1.4 3.6
2, Mioshontdria ‘ ) - o : -
Complete B - S 3.3 063 15 2.7
—~ATP; ~CoA E . ) 4.3 4,4 6.7
" 3, Microsomes ' o : ‘ . s
Complete 1,69 S A% 1,11 - 54 “ 8.8
—ATP, —CoA = S =% o S
A Supernatant ' o . _ : .
- Complete 223 A7 : -2
: ;ATP —CoA Bs o 1.9

: Compsete system consnstcd of 32Pabelied lma.ikeny] GPE Ll 09 & mnolcs, 13 435 cpm) dnsso;veﬁ n 0.1 ml ofwe:hanol and ﬁ]SpEIbEd '
by ‘the addition of 0.1 ml of Tris buffer (0.2 M: pH 7.1); other addmmls wore (.1 w1 of ATP- Mg w (B nmoles); 0.1 mlCoA {02
Fumolesd; 0.8 ml of un enzyme preparation. The final volume was adjusted 10 1.2 miwith 0.25 M sucmw—EDTA solu tion, Incuba-
~ tion was carried oul at, 3'f° for 45 mm. “Ihe vaiues given i‘ ar 1’1P H‘ianolamme plasmalogen fmmed wexe af tE:I mnectmg I‘m ze;o

. ,mznute comml values.

[ LR




Velume 32, mumber 1

[« -3
T

® R £

-
T

&
L

&
T

w

Ethonolamine  Plasmalogen (n imoles ) 08Img protainy
) (V.
1]

Etkanolaning Plasmalegen [ inples | 45 mife)

e

. ,,__i e, S - L 3
43 50 034 G688 2 136
Time tmin} Enzyrne {my FProtein)

Fig. 1. A) Effect «f ti=e on the formation « 7 ethanclamins
plasmalogen, 122,35 nmoles, 19,647 cpm of - <P-labelled
1-alkenyl GPE, 2 mwa of Tween-80, 4.5 ml of mitochondrial
preparation (082 my of _p_:wu.al.lu, 8.3 ! of Tris buffer (0.2
M, pH 710, 0.1 m? - ¥ ATP-Mg®* {8 pmoles, 0.1, =) of CoA
(0.2 prooles) were rmcubated in a tntal volume of 1,2 vl at
37°. B} Effect of protein conzeniration on the format.on of
ethanclamineg plasmalegen, Conditions were smailar 10 A ex-
cept the protein concentraticn wes varied and incubated for
A5 min. The rezulis ar2 expressed in terms of nmoles fornred! -
45 min.

ed and expsrimenis with rabbit musele were not defin-
itive [23]. Oune of the reasons for the inability to ob-
serve acylaticn of 1-alkenyl GPE may be that the acyl-
transferase is specific towards unsaturated long chain
fatty acids such a3 Cypig 3 Caa:g and Cog:g which nor-
mally ccoupy position 2 of the glycerol moiety in these
linids in brain, Indeed, Waku and Nakazawa [29] have
observed acyliransferase activity towards l-alkesyl and
1-alkyl GPC only with linoleyl CoA in rabbit sarco-
plasmic reticulum. In the experimenis reported here,
when ¥PJabelled 1-alkeny! GPE was incubated with
Tat brain preparations, the formation of ethanclaming

plasmalogen has been observed mdlcatmg the ag:ylatmn :

uf 1-alkenyl GPE.

From table 1 it may be ssox that brain homag&nam
exhibiis enzyme activity which is found mainly asso-
siated with mitochondrial and microsomal fractions.
The activity is enhanced when CoA and ATP were -
added and the fatty acids are presamably of endoge-

nous origin, The formation of ethanolamine plasmalo-
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Tﬂbla 2. :
Effect of dithiozrythritel, Tween-80 2nd Triten-X 100 on the
acylation of F*Piabelled 1-slkensl GPE by the mmm:honﬂnal
and microsomal preparation of rat brein.

l-aﬂ;enz.’l 2»31:3;1 L9E {ermed

. : Yo Py e
Incubation mixiure {nmulesfmg/hr)
Airochondda MECTOSOMES
Comple:e X+ .
+DTE {1 pmoley 5,7 3.5
F Taeen-R30 {2 mg) 0.3 .5
+ Triton-X 100 {2 mmg) 0.0 1.8
Poiled enzyme 1,06 n.s2

Comple e system consizted of 3paapehed i-aitkenyl GPE
{1026 wmoles, 13456 cpm) dissoived ia 0.1 ) of cthanol

and dispersed by the addition of §,3 mi »f Ttis duffer (0.2 ¥i;
pH 7.1), other additions were 0.1 ml of ATP-Mg?* {8 pmoles),
0.1 mi of CoA (4,2 pmsles) 2.8 0,5 ml o7 the mitochondrial
(9,42 mp) or microyymal {1.1 me? eneyme Dﬂ'epnfa.'l;ﬂlﬂ The
final vo'nme of the assay mixtare deing 1.2 ml Inonbation
was ¢carried out at 377 for 4.3 min, Wherever Twesn-80 o1
Triion- 1 100 Wwas nsod ethe 10l was omitted. The velues seport-
ed wers comrected for zezo 12in controls.

gen wis found 1o be proportional to time as well as
protein conceniraticns wwhen mitochondrial peliet was
vsed o5 enzyme sovree { fig, 1), while bolled enzyme
showed very Bitle activity (table 2). it has been ob-
served that during the course of incubation, a part of
the P radioactivity (approx, 10—12% of the subsizate
uged) sppeared in the walter scluble form, the ramain-
der baing recovered as unreacied subsirate or a3 prod-
nct, The radipactivity in the water phase iz presomed
10 be GPE formed due o the hiydrolysis of vinyl ether
bonid, The presence of ethanclamine lysoplasmalo-

. genase has been demonstraied earlier {32]. When the

eihanclamine plasmalogen formed enzymatically was

. anzlysed by two-dimensional TLC after exposure to

HCI fumes {5e¢ Methods), more than 50% of the in-

corposated radicactivity was regovered as ?wmanwacyl
“GPE. This indicates that the primary profuct is
- I-alkenyi Z-acyl GPE, Addition of (ﬁ1ﬂ‘=1mryihn..bl has

no aeffect on the Pmmm reaction {iakie 2}, but Tween-

80 stightly activated sthanolamine ﬁ:la.,malogen forma-

tion, while Triton-X 100 was found to be ﬂngﬂiy fahib-

O dtory.s

Thes resulis sugges? t’hm acylation of }-,oﬂ enyl -
GPE vecors in 16 day oid rat brain and suppert the.
hyvmhem (19, 20] tha: this reantion may be mveived
in the morynmea]s @F i:uwanmarmnﬁ pias:mlngen, SR

are
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