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Substrate Specificity of MicrosomalCl-Acyl-sn-glycerotl-phosphocholine
Acyltransferase in Rat Salivary Glands for Polyunsaturated Long-Chain Acyl-CoAs

KAMEYAMA YASUNAGA, MIZUNO-KAMIYA MASAKO, YASHIRO K0OJI and FUJITA ATSUSHI

The substrate specificities of microsomal Z-acyl-sn-glycer o-7 -phosphocholine acyltransferase were observed in the rat
submandibular and parotid glands. The most preferable substrate in the submandibular gland was (7 /7 /17 /17 [T -
eicosapentaenoyl-CoA followed by 17 [T7 [T]-eicosatrienoyl-, arachidonoyl- and oleoyl-CoAs. However, the specific-
ity for saturated acyl-CoAs was lower than those for the polyunsaturated acyl-CoAs. In the parotid gland, the highest
enzyme activity was also for [7/7/[17/[1] [T]-eicosapentaenoyl-CoA followed by /17 /17 /[T]-eicosatrienoyl-,y -
linolenoyl- and arachidonoyl-CoAs. These specificities also closely resemble those of the liver. When/J-acyl-sn-
glycero-7 -phosphocholine acyltransferase activity is compared among the salivary glands and liver, activity in the
submandibular gland was7 -/7times and about two times higher than those in the parotid gland and liver, respectively.
[J-Acyl-sn-glycero-[J -phosphocholine acyltransferase also utilized acyl-CoAs having trans-unsaturated such as
elaidoyl- and linoelaidoyl-CoAs or branched chain acyl-CoA like’I7 -methyltetradecanoyl-CoA as substrates. Further-
more, the activities of trans-unsaturated acyl-CoAs were very similar to those of cis-unsaturated acyl-CoAs. However,
itisdtill not clear whether the reacylation enzyme protein recognizes the cis and trans configurations. From the analy-
sis of relative activities, [-acyl-sn-glycero-[7 -phosphocholine acyltransferase from both salivary glands preferred a
substrate with an acyl chain length more than/77 carbon atoms with more than/7-/7 double bonds in the acyl chain.
These findings suggest that eicosanoid-related acyl-CoAs are good substrate for/acyl-sn-glycero-7 -phosphocholine
acyltransferase in salivary glands. Thus,the microsomal reacylation enzyme may play a role in the storage of eicosa-
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noid precursors for metabolisminto phosphatidylcholine.
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INTRODUCTION

Phosphatidylcholine, a major class of glycerophospholipids
present in all mammalian and some prokaryotic cells, plays criti-
cal roles in membrane structure and cellular signaling™. An ex-
tensive network of acyltransferases, phospholipases and other
metabolizing enzymes makes phosphatidylcholine™ The known
signaling molecules generated from phosphatidylcholine are
phosphatidic acid, diacylglycerol, lysophosphatidylcholine, and
arachidonic acid™. Among this unique group of signaling media-
tors, arachidonic acid, which is on behalf of polyunsaturated
fatty acids and released from the sn{l position of phosphatidyl-
choline by the action of phospholipase As, is metabolized to ei-
cosanoids, which have a variety of biological functions™. There-
fore, phosphatidylcholine is thought to comprise a major pool in
the biological membrane for eicosanoid-related fatty acyl-
moieties™. In general, the polyunsaturated fatty acids at the sn{l
position of phospholipid is transferred through lysophospholipid
acyltransferase acting on the deacylation-reacylation system, but
not de novo synthesis™. It is reported that the submandibular and
parotid glands have high reacylation enzyme activities to synthe-
size phosphatidylcholine™.  Furthermore, O-acyl-sn-glycerotl-
phosphocholine acyltransferase was specifically enhanced in mi-
crosomes from rat submandibular gland’™. The properties of the
reacylation enzyme to form phosphatidylinositol was observed in
detail™, but little is known about the transfer activity, especially
for polyunsaturated fatty acids into phosphatidylcholine in the
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submandibular gland.

In this paper, we examined the substrate specificity of micro-
somal J-acyl-sn-glycerot]-phosphocholine acyltransferase in rat
salivary glands, submandibular and parotid, for various acyl-
CoAs having different chain-lengths, numbers of double bonds
and double bond positions including eicosanoid-related acyl-
CoAs.

MATERIALS AND METHODS

0. Animals

Male Wistar rat§]0{TIweeks oldCwere maintained ad libitum
on Oriental MF solid chow] Oriental Yeast Co., Tokyo[land
water. The present experimental protocol was approved by the
Animal Ethics Committee of Asahi University] No.[TJ£I110™.

After fasting overnight, all rats were killed by bleeding under
light diethyl ether anesthesia. The parotid and submandibular
glands, and liver were immediately removed and carefully
trimmed of connective tissue, blood vessels and capsule. Liver
was perfused by saline solution. The obtained gland and liver
tissues were stored at OO until use.

0. Preparation of microsomes

All procedures were carried out atCJ4100 . Frozen tissue was
thawed, cut into small pieces with Mcllwain Tissue Chopper
O Mickel Laboratory Engineering Co., Gomshall, Surrey, UK
then homogenized with a Potter-Elvehjem Teflon pestle homoge-
nizer in O0IM Tris-HCI buffef] pHIIDOcontaining OMOM su-
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crose. Microsomes were obtained as a precipitate of centrifuga-
tiol] IO MIMx g,[0minOas described previously™ The result-
ing pellet was suspended to approximately [IJmg microsomal
protein per ml in OMIM Tris-HCI buffef] pHIIIOwithout su-
crose, using a glass pestle homogenizer, and stored atfTJ0 until
use.

. Preparation of substrates
O-Acyl-sn-glycerot]-phosphocholine was prepared from egg
yolk phosphatidylcholine by hydrolysis with snake venom phos-
pholipase A;™". The following fatty acids were purchased from
Serdary Research Laboratories] London, Canadal} palmitoleic
O nad] elaidic O trand I nIT] linoelaidic O trandT]:
M ndMa -linolenid M 11 ndy -linolenicOM 0 n1T]
bishomoy -linolenicOMI{T nO] arachidonicOMIO0 nHOM]
0,0,[M,™M,™,1J-docosahexaenoic acidd1[TI{T1 n1] Linoleic
acidd[MO0 nBMwas from Nacalai Tesquél Kyoto, Japand O,
0,[10,11[17 -Eicosapentaenoic 0 [TI{M n-0 [1J and [(TJ-methyl-
tetradecanoic acid$l] isd JO0Owere from Funakoshid Tokyo,
JapanOand Larodan Fine Chemicals] Malmd, Sweden[] respec-
tively. Coenzyme A sodium saltOwas obtained from Kyowa
Hakko Kogydl Tokyo, Japanl OleoydTJ{T] nfd[(1T3CoA and
stearoyJ[JJ3CoA were purchased from GE Healthcare Bio-
Sciences KK Tokyo, Japan] Acyl-CoAs from fatty acids were
synthesized by coupling reaction of acylchloride derived from
fatty acid and coenzyme A™™". Other acyl-CoAs used here were
of the highest grade available from commercial sources as de-
scribed™.

0. Assay of acyltransferase activity
Acyl-CoA:[O-acyl-sn-glycerot]-phosphocholine acyltransferase
activities were measured spectrophotometrically using O[1°-

dithiobis1O-nitrobenzoic acid[T". The reaction mixture con-
tained (IJu M acyl-CoA, (1T M O-acyl-glycerophosphocholine,
OmM DTNB and (OI10p g/ml of microsomal protein in COmM
Tris-HCI buffefd pHIMMOand incubation was carried out atT1]
in duplicate.

0. Other methods

The protein concentration was determined according to the
method of Lowry et al.™ or with the Bio-Rad protein assay
0 Bio-Rad Laboratories, Richmond, CADaccording to Brad-
ford™, using bovine serum albumin as the standard.

RESULTS AND DISCUSSION

Phosphatidylcholine in submandibular and parotid glands is
the most abundant membrane glycerophospholipid™ and occu-
pied by polyunsaturated fatty acids at the sniJ position™. Acyl-
CoA:[O-acyl-sn-glycerofl-phosphocholine acyltransferase is thought
to be one of the key enzymes for the determination of fatty acids
composition of the sn£] position in phosphatidylcholine. TableO
shows the substrate specificity of microsomal O-acyl-sn-glycero-
O-phosphocholine acyltransferase for various acyl-CoAs in the
salivary glands and liver. Under optimal conditions™, the most
preferable substrate for enzyme from submandibular gland was
0,0,11,11[T-eicosapentaenoy1[T1{T1 nf1[T3CoA followed by
[OM[T]-eicosatrienoyD[DT] nHJT3, arachidonoyd[I{T] n-
003 and oleoyMI{T1 nE113CoAs. However, the specificity
for saturated acyl-CoAs such as myristoyD[TJOO, palmitoyl
OO0 and stearoy0TI03CoAs was lower than those for the
polyunsaturated acyl-CoAs. In parotid gland, the highest en-
zyme activity was also for,[],[T1,[T1[T]-eicosapentaenoy][(T1{]
O n{3CoA followed by [1I,0J,TJ-eicosatrienoy 0TI n-
O[0F,y -linolenoyd (I {11 n{J 1} and arachidonoy1[(T1{T1 n-

Tabled  Substrate specificities of microsomal 0-acyl-sn-glycero{l-phosphocholine acyltransferase for various acyl-CoAs in the rat submandibu-

lar and parotid glands, and liver.

Specific activity

Ratio of specific activity

(nmol/min per mg of protein)

Acyl-CoA

Submandibular Parotid Liver (C) A/B A/C B/C

gland (A) gland (B)
Myristoyl[14:0]-CoA 10.5 2.3 6.9 4 1.5 .3
13-Methyltetradecanoyl[is0l5:0]-CoA 25.3 4.8 14.5 5.3 1. 3
Palmitoyl[16:0]-CoA 14.8 4.4 6.5 3. 2
Palmitoleoyl[16:1(n-7)]-CoA 12.9 3.9 10.8 3
Stearoyl[18:0]-CoA 9.7 —% - - -
Oleoyl[18:1(n-9)]-CoA 50.1 11.6 37.1 3
Elaidoyl[transl8:1(n-9)]-CoA 46.9 12.0 22.8 9
Linoleoyl[18:2(n-6)]-CoA 32.5 10.9 25.3 0
Linoelaidoyl[transl8:2(n-6)]-CoA 32.9 9.5 23.8 5 1
a-Linolenoyl[18:3(n-3)]-CoA 10.5 4.0 6.6 6
7 -Linolenoyl[18:3(n-6)]-CoA 40.0 14.0 33.9 .9
11,14,17-Eicosatrienoyl[20:3 (n-3)]-CoA 63.9 19.4 40.6 .3 5
Bishomo-7 -1linolenoyl[20:3 (n-6)]-CoA 37.2 8.1 - 6 - -
Arachidonoyl[20:4 (n-6)]-CoA 55.6 13.8 33.1 1.
5,8,11,14,17-Eicosapentaenoyl [20:5 (n-3) ]-CoA 99.4 33.6 54.7 1
4,7,10,13,16,19-Docosahexaenoyl [22:6(n-3) ] -CoA 20.1 5.0 15.7 4.0 1.3 0.3

Specific activities represent the averages of duplicate assays.

Acyl chains are desighnated as the number of carbon

atoms:the number of double bonds followed by the position of double bonds.

* : not determined
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O CoAs. Although the order of specificity for various polyun-
saturated fatty acyl-CoAs was slightly different between sub-
mandibular and parotid glands, tendencies, such as the prefer-
ence for polyunsaturated and long-chain acyl-CoAs and less ac-
tivity for saturated acyl-CoAs, were very similar. These speci-
ficities also closely resembled those from the liver. However,
analysis of the positional distribution of fatty acid in phosphati-
dylcholine shows that the abundant fatty acid in the sn] position
were linoleidd[MT] ntJ[Macid]IO Oand  arachidonid][TI0
O nfMacid10 O not O,0,[11,11,T1-eicosapentaenoid]11{]
0O nfMacid™. The supplement and availability of acyl-CoA are
limited by the metabolic pathways, such as fatty acid synthase,
acyl-CoA synthase™ and acyl-CoA hydrolase™. Using similar
types of acyl-CoAs, the specificity of -acyl-sn-glycerotl-
phosphocholine acyltransferase for acyl-CoAs is different from
that of O-acyl-sn-glycerofl-phosphoinositol acyltransferase in
submandibular gland™. These observations support that substrate
specificity plays an important role in determining the fatty acid
composition in the sn-O position of phospholipids. When the
microsomal O-acyl-sn-glycerot-phosphocholine acyltransferase
activity is compared among the salivary glands and liver, the ac-
tivity in submandibular gland was[J4] times and about two times
higher than those in the parotid gland and liver, respectively.
Usually, common metabolic enzyme activity is very high in the
liver. These findings suggest that the high reacylation activity
might play a specific and functional role in the submandibular
gland but not the parotid gland. Tabled shows very interesting
findings that(-acyl-sn-glycerot]-phosphocholine acyltransferase
also utilized acyl-CoAs having trans-unsaturated such as elai-
doyll trand I n0+ and  linoelaidoyd trans {11 n{1[1T}
CoAs or branched chain acyl-CoA like [T1-methyltetradecanoyl
O isdJOCCoA as substrates.  Furthermore, the activities for
trans-unsaturated acyl-CoAs were very similar to those for cis-
unsaturated acyl-CoAs. The affinity of acyl-CoA for the enzyme
protein may be related to the physical and structural properties of
the acyl chain. However, it is still not clear whether the re-
acylation enzyme protein recognizes the cis and trans configura-
tions.
Table[ shows relative activities expressed as ratios of the spe-
cific activity to the specific activity with palmitoyJ[T1{13CoA

Table O Relative activities of microsomal O-acyl-sn-glycerol-
phosphocholine acyltransferase for various acyl-CoAs in
the rat submandibular gland

Relative activity

Number of Position of Number of double bond
carbon atom  double bond 0 1 2 3 4 5
16 n-17 1.0 0.9

18 n-9 0.7 3.4

18 n-6 2.2 0.7

18 n-3 2.7

20 n-6 4.3 3.8

20 n-3 2.5 6.7

Acyl chains are desighnated as the number of carbon atoms, the number of
double bonds and the position of double bonds.
Relative activities are expressed as ratios of the specific activity to the

specific activity with palmitoyl-CoA which are from the Data of Table 1.

in microsomal O -acyl-sn-glycero-{J-phosphocholine  acyltrans-
ferase from the submandibular gland. The enzyme preferred as a
substrate has an acyl chain length of more than[1] carbon atoms
and more thanJ4] double bonds in the acyl chain. The position
of the double bond dose not seem to be important. These proper-
ties of (-acyl-sn-glycerof]-phosphocholine acyltransferase was
also very similar in those from parotid gland] Table OO These
findings suggest that eicosanoid-related acyl-CoAs are a suitable
substrate forJ-acyl-sn-glycerofJ-phosphocholine acyltransferase
in the salivary glands, but the concentration or availability of
acyl-CoAs must be considered. Thus, microsomal reacylation
enzyme may play a role in the storage of eicosanoid precursors
for metabolism into phosphatidylcholine.

To synthesize the membrane phosphatidylcholine, there are
not only de novo formation by CDP-choline citidyltransferase,
but also by the methylation of phosphatidylethanolamine or the
base-exchange reaction of phospholipids™. The characteristics of
other reacylation enzymes such as phosphatidylethanolamine and
other phospholipids are also considered to determine the acyl
chain composition in phosphatidylcholine. Recently, another
substrates for acyltransferase, 0-acyl-sn-glycero£J-phosphocho-
line, has been the focus of attention as one of lysophospholipids
with properties resembling extracellular growth factors or signal-
ing molecules™",

Phosphatidylcholine containing arachidonic acid in the snfJ
position becomes the substrate for specific phospholipase A,
which produces O-arachidonoyl-sn£-glycerophosphocholing™.
This unique lysophospholipid is hydrolyzed by phospholipase C,
producing O-arachidonoyl-sn-glycerol, which plays a biological
role as an endocannabinoid signaling molecule. Further studies
are necessary to determine the role of O-acyl-sn-glycerot]-
phosphocholine acyltransferase in the establishment of arachi-
donic acid-enriched phosphatidylcholine in the salivary glands.
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Table O Relative activities of microsomal O-acyl-sn-glycerol-
phosphocholine acyltransferase for various acyl-CoAs in
the rat parotid gland

Relative activity

Number of Position of Number of double bond
carbon atom double bond 0 1 2 3 4 5
16 n-17 1.0 0.9

18 n-9 2.6

18 n-6 2.5 0.9

18 n-3 3.2

20 n-6 4.4 3.1

20 n-3 1.8 7.6

Acyl chains are desighnated as the number of carbon atoms, the number of
double bonds and the position of double bonds.
Relative activities are expressed as ratios of the specific activity to the

specific activity with palmitoyl-CoA which are from the Data of Table 1.
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