
 

1118 Journal of Lipid Research

 

Volume 39, 1998

 

Synthesis of an unsaturated fatty acid analogue
(18-(4

 

9

 

-azido-2

 

9

 

-hydroxybenzoylamino)-oleic acid)
and its interaction with lysophosphatidylcholine:
acyl-CoA-O-acyltransferase

 

Lars Gehring,* Dirk Haase,

 

†

 

 Kai Habben,* Claus Kerkhoff,* Hartmut H. Meyer,

 

†

 

and Volkhard Kaever

 

1,

 

*

 

Institut für Molekularpharmakologie,* Medizinische Hochschule Hannover, D-30623 Hannover, Germany, 
and Institut für Organische Chemie,

 

†

 

 Universität Hannover, D-30167 Hannover, Germany

 

Abstract Acylation/deacylation reactions represent a basic
requirement of triglyceride as well as phospholipid metabo-
lism, and maintenance of membrane lipid composition. In
order to examine enzymes participating in these pathways,
we synthesized 18-(4

 

9

 

-azido-2

 

9

 

-hydroxybenzoylamino)-oleic
acid, an iodinable photoaffinity analogue of oleic acid as a
new tool for analyzing enzymes, especially those binding un-
saturated fatty acids or acyl-CoAs. For the synthesis of 

 

v

 

-
amino-oleic acid, coupling two bifunctional C

 

9

 

-components
was used. The described synthesis scheme is also suited for
the specific generation of other fatty acid analogues with
distinct positions of the double bond. The functionality of
18-(4

 

9

 

-azido-2

 

9

 

-hydroxybenzoylamino)-oleic acid was inves-
tigated with the enzyme lysophosphatidylcholine:acyl-CoA-
O-acyltransferase (LAT) [EC 2.3.1.23], an enzyme that shows
high specificity towards (poly)unsaturated fatty acyl-CoAs.
It could be shown that the photolabel, esterified with coen-
zyme A, acts in the dark as a reversible inhibitor of the
enzyme activity, but photolysis of the label results in irre-
versible inactivation of LAT. This inactivation could be pre-
vented by addition of the native substrate arachidonyl-CoA
during photolysis. Several proteins could be specifically vi-
sualized using the iodinated analogue.  The data indicate
that this new photoaffinity label may have application to
identify and characterize lipid biosynthetic enzymes using
unsaturated fatty acids as well as acyl-CoA binding proteins
and the active site of these proteins.—
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Fatty acids and especially their activated derivatives fatty
acyl-CoAs play a fundamental role in carbohydrate and
fatty acid metabolism as well as in the biosynthesis of phos-

 

pholipids and triglycerides. They are also substrates for a
number of enzymes that transfer fatty acids to proteins
(1). Additionally, fatty acyl-CoAs have been found to be
necessary for the budding of transport vesicles from the
Golgi apparatus (2).

Acyl-CoA acts as a primary substrate for various mem-
brane-associated proteins catalyzing lipid biosynthesis.
These acyltransferases play key roles in lipid biosynthesis.
The de novo biosynthesis of glycerolipids starts with the
acylation of glycerol-3-phosphate to form lysophospha-
tidic acid (LPA). The acylation of LPA is catalyzed by lyso-
phosphatidic acid:acyl-CoA-O-acyltransferase to form
phosphatidic acid, the precursor for anionic phospholip-
ids and diacylglycerol. In addition to the de novo biosyn-
thetic enzyme activities, microsomal membranes show
high lysophospholipid:acyl-CoA-O-acyltransferase (LPLAT)
activity. These enzymes catalyze the conversion of lyso-
phospholipids to phospholipids by direct acylation.
Within this mechanism, the LPLATs constitute an impor-
tant part of a deacylation–reacylation cycle (Lands cycle
(3)) that is one primary route for rapidly altering the fatty
acid composition of phospholipids. By this mechanism
the membrane lipid composition is maintained (3–6) and
the level of unesterified free arachidonic acid (7, 8) regu-
lating the synthesis of leukotrienes and prostaglandins (9)
is controlled. Additionally, the LPLATs are thought to play
a crucial role in the early phase of T-lymphocyte activation
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by catalyzing the elevated incorporation of polyunsatu-
rated fatty acids into plasma membrane phospholipids
(10–15).

Whereas the other enzyme(s) participating within the
Lands cycle, especially the phospholipases A

 

2

 

 (PLA

 

2

 

), are
quite well examined (16), the number and properties of
the enzymes representing LPLAT activity are not well un-
derstood. It has been reported that distinct acyltrans-
ferases with different specificities for the lysophospholipid
acyl acceptor exist (17, 18). Other evidence suggests that
an LPC-specific LPLAT enzyme (LAT) (EC 2.3.1.23) may
exist in separate forms differing in specificity for unsatur-
ated and saturated fatty acyl-CoAs. For example, Lands et
al. (7) reported that liver microsomal acyltransferase
shows a high specificity for unsaturated acyl-CoA, whereas
in lung microsomes it prefers palmitoyl-CoA compared to
oleoyl-CoA as substrate (19).

Several attempts have been made to purify and charac-
terize LPLATs (20–23) either using the capability of the en-
zymes for generating a microsomal environment by them-
selves (20, 21) or by a sequential combination of different
chromatographic separation methods (22, 23). Until now,

a high degree of purification and molecular cloning have
not been reported.

An additional possibility to characterize enzymes is the
use of photoaffinity probes. Several attempts to analyze
acyl-CoA binding proteins have been made using a photo-
affinity analogue of a medium-chain saturated fatty acid
(24–30). Because of the high specificity of LAT in human
placenta and pig spleen (31) that we examined, the syn-
thesis of an unsaturated fatty acid (oleic acid) analogue
with facilities for 

 

v

 

-terminal coupling with a (iodinable)
photoaffinity label has become a highly desirable goal. In
this paper, the synthesis of a photoaffinity oleoyl-CoA
(ASO-CoA) and its interaction with the enzyme LAT is de-
scribed for the first time.

MATERIALS AND METHODS

 

Synthesis scheme

 

For the synthesis of the 

 

v

 

-amino-oleic acid 

 

8/9

 

, a flexible syn-
thesis concept of coupling two bifunctional C

 

9

 

-components was
used (

 

Scheme 1

 

).

Scheme 1. Reagents: (a) K-phthalimide, DMF; (b) CH3OH, HCl; (c) oxalyl chloride, DMSO, N(Et)3;
(d) triphenylphosphine, CH3CN; (e) DMPU, KHMDS; (f) CH3OH, CH3ONa; (g) CrO3, acetone; (h)
N2H4 ? H2O, C2H5OH, HCl, NaOH, HCl; (i) N2H4 ? H2O, C2H5OH, HCl, NaOH, HOAc.
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The starting point of this synthesis was 1,9-nonanediol which
was converted to 1-bromo-9-(tetrahydropryran-2

 

9

 

-yl-oxy)-nonane
(

 

1

 

) (32) and 9-bromo-nonylacetate (

 

4

 

) (33). The exchange of
the halogen of 

 

1

 

 against a phthalimido function and the depro-
tection of the alcohol gave 9-phthalimido-nonanol (

 

2

 

), carrying a
protected amino function. Oxidation of the alcohol resulted in
9-phthalimido-nonanal (

 

3

 

). The second component for the Wit-
tig reaction, 9-acetoxy-nonyl-triphenylphosphonium bromide (

 

5

 

)
(34), was generated by reaction of 

 

4

 

 with triphenylphosphine.
To ensure the 

 

Z

 

-double bond of 

 

9

 

, the coupling of the alde-
hyde 

 

3

 

 with the phosphorylide from 

 

5

 

 was carried out using the

 

Z

 

-specific variant of the Wittig-reaction (35, 36). Using a mixture
of THF and DMPU as solvent and potassium hexamethyldisil-
azide as the base, pure (

 

Z

 

)-18-phthalimido-9-octadecenyl acetate
(

 

6

 

) was formed. Deacetylation of 

 

6

 

 followed by oxidation with
the Jones reagent (chromic acid) gave the phthalimido deriva-
tive 

 

7

 

 of the 

 

v

 

-amino-oleic acid which was deprotected via hy-
drazinolysis and subsequent acidic and basic hydrolysis. The free
amino acid 

 

8

 

 was obtained by precipitation at pH 5–6. Alterna-
tively, the final addition of acetic acid to the reaction mixture
gave the acetate 

 

9

 

 after chromatographic purification. No trace
of the 

 

E

 

-isomer was detectable in the 

 

1

 

H- and 

 

13

 

C-NMR spectra
of 

 

6

 

 and the compounds derived from 

 

6

 

 in the following steps of
the synthesis.

The following reactions (

 

Scheme 2

 

) leading to the photolabile
coenzyme A ester were totally carried out in the dark (red light).
Under this condition the acylation of 

 

9

 

 with 

 

N

 

-hydroxysuccinim-
idyl-4-azidosalicylic acid (NHS-ASA) was carried out in heteroge-
neous phase to obtain 

 

10

 

. The addition of three equivalents of
oxalyl chloride to 

 

10

 

 gave the corresponding acyl chloride which
was immediately coupled with coenzyme A leading to the photo-
affinity analogue of oleoyl-CoA 

 

11

 

 (ASO-CoA).

 

General

 

1

 

H and 

 

13

 

C NMR spectra were recorded on a Bruker WP200
and AM400 spectrometer. Chemical shifts were reported in 

 

d

 

(ppm) relative to tetramethylsilane. All coupling constants were
described in Hz. Mass spectral data were obtained on Finnigan
MAT312. Unless otherwise stated, the reaction mixture was
worked up with water and a suitable solvent; the aqueous phase
was extracted again; and the organic solvents were pooled,
washed with saturated NaCl solution, dried with MgSO

 

4

 

, and
evaporated in vacuo. Flash column chromatography was per-
formed on silica gel (50–200 

 

m

 

m) under a pressure of about 4
psi. All solvents were obtained from commercial suppliers and
distilled and dried if necessary before use. THF, CH

 

3

 

CN, CH

 

2

 

Cl

 

2

 

,
DMPU, DMF, and acetone were stored over a molecular sieve. Py-
ridine and triethylamine were distilled and stored over potassium
hydroxide. Petrolether represents a mixture of medium-chain al-
kanes with a boiling range of 35

 

8

 

–70

 

8

 

C. Coenzyme A was ob-
tained from Sigma and [

 

14

 

C]-1-palmitoyl-lysophosphatidylcho-
line (spec. act. 40–60 mCi/mmol) was purchased from NEN.

 

1-Bromo-9-(tetrahydropyran-2

 

9

 

-yl-oxy)-nonane (1)

 

Substance 

 

1

 

 was synthesized as described by Butenand et al.
(32), based on 1,9-nonanediol.

 

9-Phthalimidononanol (2)

 

In a round-bottom flask fitted with magnetic stirring bar 20.0 g
(65.1 mmol) 

 

1

 

 and 15.7 g (84.5 mmol) potassium phthalimide
were dissolved in 40 mL DMF and heated at 70

 

8

 

C for 4 h. The
mixture was extracted with water and CH

 

2

 

Cl

 

2

 

. The organic phase
was dried with MgSO

 

4

 

 and evaporated in vacuo, resulting in a
pale yellow oil. It was dissolved in 500 mL methanol and 10 mL 6
N HCl and heated to reflux for 1 h. After cooling to room tem-
perature, the solution was neutralized with an aqueous solution
of NaHCO

 

3

 

. The methanol was evaporated and the residue was ex-
tracted with CH

 

2

 

Cl

 

2

 

 and water. The organic phase was dried, the
residue was purified by flash column chromatography (diethyl-
ether) to give 

 

2

 

 as white crystals (16.9 g, 89.7%): 

 

1

 

H NMR
(CDCl

 

3

 

) 

 

d

 

 7.83 (m, 2H), 7.71 (m, 2H), 3.67 (t, 2H, 

 

J

 

 

 

5

 

 7Hz for
NCH

 

2

 

), 3.63 (t, 2H, 

 

J

 

 

 

5

 

 7Hz for CH

 

2

 

O), 2.24 (s, 1H, for OH),
1.78–1.48 (2m, 4H, for 2CH

 

2

 

), 1.45–1.20 (m, 10 H, for 5CH

 

2

 

);

Scheme 2. Reagents: (a) NHS-ASA, pyridine, dichloromethane; (b) oxalyl chloride, dichloromethane,
DMFcat, CoASH, THF, H2O, NaOH, HClO4, diethylether.
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13

 

C NMR (CDCl

 

3

 

) 

 

d

 

 165.50, 133.89, 132.13, 123.16, 62.84, 38.02,
32.73, 29.40, 29.30, 29.05, 28.55, 26.79, 25.70; MS (908C) m/z 289
(M1, 19), 259 (8), 202 (4), 188 (5), 175 (7), 174 (11), 161 (97),
160 (100), 148 (27), 133 (16), 130 (22), 117 (6), 105 (15), 104
(14), 77 (20); (C17H22NO3).

9-Phthalimidononanal (3)
To a solution of 5.6 mL (61.6 mmol) oxalyl chloride in 85 mL

CH2Cl2 at a temperature of 2658 to 2708C, 8.8 mL DMSO was
added within 15 min; the solution was stirred for further 30 min.
A solution of 16.7 g (57.7 mmol) 2 in 25 mL CH2Cl2 was added
dropwise and the mixture was stirred for additional 30 min. After
the addition of 38.8 mL triethylamine, the solution was warmed
to room temperature within 1 h and washed consecutively with
water, diluted HCl, aqueous solution of NaHCO3, and water. Pu-
rification by flash column chromatography (E:PE 5 1:1) af-
forded 3 as white crystals (14.2 g, 85.6%). 1H NMR (CDCl3) d
9.76 (t, 1H, J 5 1.8 Hz for CHO), 7.84 (m, 2H), 7.71 (m, 2H),
3.68 (t, 2H, J 5 7Hz for NCH2), 2.42 (dt, 2H, J 5 2Hz, J 5 7Hz
for CH2O), 1.78–1.55 (2m, 4H, for 2CH2), 1.45–1.25 (m, 8H, for
4CH2); 13C NMR (CDCl3) d 202.99, 168.20, 133.67, 131.96,
122.93, 43.65, 37.76, 28.97, 28.84, 28.73, 28.33, 26.54, 21.82; MS
(708C) m/z 287 (M1, 4), 259 (13), 244 (7), 202 (5), 188 (6), 174
(11), 161 (41), 160 (100), 148 (18), 133 (16), 130 (21), 105 (14),
104 (14), 77 (22); (C17H21NO3).

9-Bromononyl acetate (4)
Substance 4 was synthesized as described by Goto et al. (33),

based on 1,9-nonanediol.

9-Acetoxynonyltriphenylphosphonium bromide (5)
A solution of 7.7 g (29.0 mmol) 4 and 7.0 g (26.7 mmol) tri-

phenylphosphine in acetonitrile was heated to reflux for 18 h
within a nitrogen atmosphere (34). The solvent was evaporated,
50 mL hexane was added to the stirred oily residue, and the re-
sulting emulsion was heated to reflux for 10 min. The stirring
was stopped and the resulting lower phase containing 5 was
cooled down quickly to 08 to 258C; the yet warm hexane upper
phase was decanted. This purification procedure was repeated
twice with hexane, with ethyl acetate, and again with hexane.
Traces of the solvents were eliminated by heating at 608C for sev-
eral hours in vacuo. Substance 5 was obtained as a viscous pale oil
(11.9 g, 84.6%). 1H NMR (CDCl3) d 7.95–7.65 (m, 15H), 4.02
(t, 2H, J 5 7Hz for CH2O), 3.80 (m, 2H, for CH2P), 2.05 (s, 3H,
for CH3), 1.75–1.45 (m, 4H, for 2CH2), 1.35–1.15 (m, 10 H,
for 5CH2).

(Z)-18-phthalimido-9-octadecenyl acetate (6)
In a round-bottom flask fitted with a magnetic stirring bar, 6.9

g (13.1 mmol) 5 was dissolved in 40 mL dried THF and 4 mL
DMPU under nitrogen atmosphere. At a temperature of 2308C,
21.7 mL of a solution containing 15% of KHMDS (14.3 mmol) in
toluene was added dropwise within 30 min resulting in an orange
reaction mixture. At the same temperature, a solution of 3.7 g
(12.9 mmol) 3 in THF was added and the pale yellow mixture
was stirred overnight at room temperature. Extraction was per-
formed using dilute sulfuric acid and diethylether. Purification
by flash column chromatography (E:PE 5 1:6–1:1) led to 6 as a
waxy solid (5.4 g, 92%). 1H NMR (CDCl3) d 7.84 (m, 2H), 7.80
(m, 2H), 5.33 (m, 2H, for 2CH), 4.05 (t, 2H, J 5 7Hz for CH2O),
3.67 (t, 2H, J 5 7Hz for NCH2), 2.05 (s, 3H, for CH3), 2.00 (m,
4H, for 2CH2), 1.65 (m, 4H, for 2CH2), 1.5–1.2 (m, 20H, for
10CH2); 13C NMR (CDCl3) d 171.11, 168.33, 133.72, 132.08,
125.78, 123.04, 64.54, 37.95, 29.62, 29.30, 29.11, 28.50, 27.09,
26.76, 25.81, 20.92; MS (1308C) m/z 455 (M1, 10), 396 (4),
313 (7), 300 (5), 244 (3), 188 (4), 174 (7), 160 (100), 148

(21), 133 (7), 130 (14), 121 (10), 110 (9), 109 (15), 95 (29), 81
(33); (C28H41NO4).

(Z)-18-phthalimido-9-octadecenic acid (7)
The solution of 5 g (11 mmol) 6 in 80 mL dried methanol was

adjusted to pH 9 with sodium hydride. The mixture was stirred
for 1 h at room temperature and neutralized with acetic acid and
the volatile evaporated. The crude product was purified using
flash chromatography (E:PE 5 1:1), giving (Z)-18-phthalimido-9-
octadecenol as a waxy solid (4.2 g, 92%). 1H NMR (CDCl3) d 7.83
(m, 2H), 7.71 (m, 2H), 5.33 (m, 2H, for 2CH), 3.67 (t, 2H, J 5
7Hz for NCH2), 3.63 (t, 2H, J 5 7Hz for CH2O), 2.28 (s, 1H, for
OH), 2.00 (m, 4H, for 2CH2), 1.75–1.20 (m, 24H, for 12CH2);
13C NMR (CDCl3) d 168.47, 133.82, 132.14, 129.84, 123.13, 62.99,
38.05, 32.79, 29.70, 29.66, 29.47, 29.33, 29.35, 29.19, 29.16, 29.15,
28.58, 27.14, 26.83, 25.73. This alcohol (10.1 mmol) was dis-
solved in 100 mL acetone at 08C and 8.4 mL of Jones reagent
(27.0 g chromium trioxide and 23 mL conc. sulfuric acid dis-
solved in water in a final volume of 100 mL) was added. After 10
min, 2-propanol was added to eliminate excess chromic acid and
the mixture was diluted with 10 mL water and the acetone was
evaporated in vacuo. The suspension was extracted with diethyl-
ether; purification by flash column chromatography (E:PE 5
1:6–3:1) led to 7 as a waxy solid. (4.2 g, 80.5%). 1H NMR (CDCl3)
d 7.85 (m, 2H), 7.70 (m, 2H), 5.53 (m, 2H, for 2CH), 3.67 (t, 2H,
J 5 7Hz for NCH2), 2.35 (t, 2H, J 5 7Hz for CH2COO), 2.00 (m,
4H, for 2CH2), 1.65 (m, 4H, for 2CH2), 1.40–1.15 (m, 18H, for
9CH2); 13C NMR (CDCl3) d 179.99, 168.46, 133.83, 132.15,
129.90, 129.75, 123.15, 38.05, 34.07, 29.69, 29.66, 29.38, 29.19,
29.16, 29.14, 29.05, 29.03, 28.58, 27.17, 27.15, 26.85, 24.67; MS
(1708C) m/z 427 (M1,8), 409 (70), 391 (50), 262 (24), 244 (12),
234 (17), 230 (10), 216 (12), 202 (13), 188(18), 174 (33), 165
(16), 161 (72), 160 (100), 151 (30), 148 (74), 135 (32), 130 (72),
121 (28), 109 (44), 104 (44), 98 (53), 95 (73), 81 (77), 68 (77);
(C26H37NO4).

(Z)-18-amino-9-octadecenic acid (8)
The solution of 2.14 g (5.0 mmol) 7 and 1.0 g (20.0 mmol) hy-

drazine hydrate in 25 mL ethanol was heated to reflux for 15 min
until the product sedimented and the flask contents became
solid. Heating was continued for additional 2 h, the hydrazine
hydrate and the solvent were evaporated in vacuo; the dry resi-
due was dissolved in 20 mL ethanol and 5 mL 2 N HCl giving a
pH value of about 1–2 and the mixture was heated to reflux for 3
h. About 10 mL of ethanol was removed by distillation; the sus-
pension was cooled down to room temperature and the precipi-
tated phthalimide was removed by filtration. Four mL of 6 N
NaOH was added to the filtrate and heating to 808C was contin-
ued for 30 min until the ethylester of 8 (Rf 5 0.5, E:PE 1:1) was
totally hydrolyzed. After cooling down to room temperature, the
mixture was neutralized with 2 N HCl; the remaining ethanol was
removed by distillation. The suspension was cooled down to 58C
and filtered. 8 was obtained as a white solid (1.33 g, 89.4%). 1H
NMR (CDCl3/CF3COOD) d 5.45–5.25 (m, 2H, for 2CH), 2.90 (t,
2H, J 5 7Hz for NCH2), 2.28 (t, 2H, J 5 7Hz for CH2COO),
2.12–1.95 (m, 2H, for CH2), 1.78–1.50 (m, 4H, for 2CH2), 1.48–
1.15 (m, 20H, for 10CH2); 13C NMR (CD3OD/CF3COOH)
d 180.33, 133.36, 43.27, 37.53, 33.35, 33.30, 32.92, 32.83, 32.77,
32.76, 32.69, 31.08, 30.66, 30.63, 29.99, 28.62; (C18H35NO2).

(Z)-18-amino-9-octadecenic acid acetate (9)
In the same manner as described for the synthesis of 8, 2.14 g

(5.0 mmol) 7 were processed. In difference, the final neutraliza-
tion step was performed with excess acetic acid instead of 2 N
HCl. All solvents were evaporated in vacuo and the residue was
mixed with an equal amount of silica gel. Flash column chroma-
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tography was performed with CH2Cl2: methanol 5 9:1 and
CH2Cl2: methanol: acetic acid 5 9:1:1. Evaporation of the sol-
vents in vacuo for several days at room temperature yielded 9
(1.60 g, 89.5%). 1H NMR (CDCl3/CF3COOD) d 5.47–5.23 (m,
2H, for 2CH), 2.91 (t, 2H, J 5 7Hz for NCH2), 2.28 (t, 2H, J 5
7Hz for CH2COO), 2.10–1.97 (m, 2H, for CH2), 2.00 (s, 3H, for
CH3), 1.77–1.50 (m, 4H, for 2CH2), 1.48–1.22 (m, 20H, for
10CH2). The 13C NMR spectrum (CD3OD/CF3COOH) is identi-
cal compared to that of compound 8. It only contains additional
signals derived from acetic acid (d 177.65, 23.55).

(Z)-18-(49-azido-29-hydroxybenzoylamino)-9-octadecenic 
acid (10)

All following procedures were carried out totally in the dark
(red light). Substance 9 (128.5 mg, 0.36 mmol) was suspended in
5 mL dried THF (100 mg, 0.36 mmol). N-hydroxysuccinimidyl-4-
azidosalicylic acid (NHS-ASA) dissolved in 3 mL THF and 1 mL
pyridine were added. The suspension was stirred for several days,
the reaction course was monitored by thin-layer chromatography
(CHCl3: methanol 5 5:1; Rf (educt) 5 0.1; Rf (10) 5 0.6). The
solvents were evaporated in vacuo; the residue was resuspended
in 4 mL THF and the pH was adjusted to 5 with potassium hydro-
gensulfate. After distillation of THF, the aqueous suspension was
mixed with silica gel and separated by flash column chromatog-
raphy (CHCl3: methanol 5 10:1). Substance 10 was obtained as a
waxy solid (130.5 mg, 79.1%). 1H NMR (CDCl3) d 7.35 (d, 1H, J 5
8Hz), 6.66 (d, 1H, J 5 2Hz), 6.49 (dd, 1H, J 5 8Hz, J 5 2Hz), 6.4
(bs, 1H, for NH), 5.45–5.26 (m, 2H, for 2CH), 3.51–3.33 (m, 2H,
for NCH2), 2.32 (t, 2H, J 5 7Hz, for CH2COO), 2.10–1.92 (m,
4H, for 2CH2), 1.73–1.50 (m, 4H, for 2CH2), 1.42–1.22 (m, 18H,
for 9CH2); 13C NMR (CDCl3) d 179.42, 169.29, 162.88, 145.70,
129.88, 129.85, 126.90, 111.26, 109.82, 108.11, 39.65, 33.99,
29.68, 29.63, 28.46, 29.41, 29.26, 29.17, 29.13, 29.03, 27.15, 26.96,
24.68; (C25H38N4O4).

(Z)-18-(49-azido-29-hydroxybenzoylamino)-9-octadecenyl-
CoA (11) (ASO-CoA)

All following procedures were carried out totally in the dark
(red light). Substance 10 (81.0 mg, 0.176 mmol) was suspended
in 3 mL dried ice-cold CH2Cl2 (37) and the temperature was kept
at 08C. A catalytic amount of 1.6 mg (0.022 mmol) DMF in 0.1
mL CH2Cl2 and 64.1 mg (0.5 mmol) oxalyl chloride in 0.52 mL
CH2Cl2 were added. After stirring for 30 min at room tempera-
ture, a clear solution was achieved. The solution was kept at
room temperature for further 2 h; the solvent was evaporated in
vacuo. (Z)-18-(49-azido-29-hydroxybenzoylamino)-9-octadecenyl
chloride was obtained as a partially crystalline solid (80.1 mg,
94.9%). The acyl chloride was dissolved in 0.5 mL THF and
added in portions to a mixture of 35 mL THF and 15 mL water
containing 100 mg (0.13 mmol) coenzyme A within a nitrogen
atmosphere. The pH was kept at 8.0 with 1 N NaOH during the
addition of the acyl chloride. The reaction was terminated by
adding 10% (v/v) HClO4 to give a final pH of about 4. THF was
evaporated and the synthesized fatty acyl-CoA was precipitated by
cooling to 48C and addition of 1.5 ml 10% (v/v) HClO4. The pre-
cipitate was pelleted by centrifugation at 20,000 g for 15 min,
washed twice with diethylether, and redissolved in 10 mm Tris-
buffer, pH 7.4, containing 150 mm NaCl and 1 mm EDTA (about
80% yield, two steps). The purity was determined by thin-layer
chromatography, using RP-18 silica gel plates with n-butanol–
water–acetic acid 40:30:20 (v/v/v; Rf 5 0.82). No further prod-
ucts could be detected.

Iodination of ASO-CoA
Iodination of ASO-CoA was performed by using chloramine T

(38). In brief, 50 nmol of ASO-CoA was dissolved in 0.5 m sodium

phosphate buffer (pH 7.0) containing 16 nmol Na2S2O5 and 1
mCi Na[125I] in 0.1 m NaOH in a total volume of 200 mL. The re-
action was started by adding 90 nmol chloramine T in 20 mL
buffer. After incubation for 30 min, 315 nmol Na2S2O5 in 50 mL
buffer was added. After addition of 300 mL NaCl solution (10%),
the iodinated product was extracted with ethyl acetate and stored
at 2208C.

Preparation of crude membranes and partial purification 
of LAT activity

Crude membranes were prepared from human placenta by
differential centrifugation similar to the method described by
Kerkhoff et al. (31). Briefly, the placenta (350 g) was washed with
ice-cold LAT assay buffer (10 mm Tris, pH 7.4, containing 150 mm
NaCl and 1 mm EDTA), minced, and homogenized in 500 mL
buffer using a glass/Teflon homogenizer. The homogenate was
filtered through a wire mesh, sonicated at 48C for 10 min, and
centrifuged at 15,000 g for 60 min at 48C. The supernatant was
centrifuged at 200,000 g for 2 h at 48C. The pellet was washed
and resuspended in LAT storage buffer (50 mm Tris, pH 7.4, 250
mm sucrose, 1 mm EDTA, and 20% (v/v) ethyleneglycol), prior to
use to a protein concentration of about 50 mg/mL and stored
frozen at 2808C. Upon storage for several weeks, no loss of the
original LAT activity was observed.

Crude membranes containing 10 mg/mL of protein (final)
were treated with LAT assay buffer containing 1.5 m NaCl for 30
min at 48C. After centrifugation at 100,000 g for 60 min at 48C,
ammonium sulfate was added to the supernatant to a final con-
centration of 40% (w/v). The solution was stirred for 30 min and
centrifuged at 20,000 g for 30 min. The pellet was dissolved in 10
mm potassium phosphate buffer, pH 7.0, and dialyzed against the
same buffer overnight.

Further purification was achieved using hydroxyapatite col-
umn chromatography. The dialyzed sample was applied to the
column equilibrated with the above-mentioned phosphate
buffer. The column was washed with 200 mm potassium phos-
phate buffer, pH 7.0, and the enzyme activity was eluted applying
a gradient up to 500 mm potassium phosphate, thereby maintain-
ing an additional concentration of 1 m potassium chloride. Frac-
tions containing enzyme activity were pooled, supplemented with
10% glycerol (w/v), and stored at 2808C.

Concentration of proteins
Concentration of proteins prior to SDS-PAGE was performed

as described in detail by Wessel and Flügge (39).

LAT enzyme activity assay
The lysophosphatidylcholine:acyl-CoA-O-acyltransferase activ-

ity was measured by the formation of [14C]phosphatidylcholine
(PC) using arachidonyl-CoA and [14C]-1-palmitoyl-lysophosphati-
dylcholine (LPC) as substrates. The assay was carried out as de-
scribed by Kerkhoff et al. (31). In brief, the enzyme was incu-
bated with 50 mm [14C]LPC (50,000 dpm) in the presence of 30
mm arachidonyl-CoA. The reaction mixture (0.2 mL final vol-
ume) contained Tris-HCl (10 mm, pH 7.4), NaCl (150 mm), and
EDTA (1 mm). After incubation for 20 min at 378C, the reaction
was stopped by adding 1.5 mL of CHCl3:CH3OH 1:2 and 0.2 mL
of water. A further addition of 0.5 mL of CHCl3 and 0.5 mL of
water was made to separate the phases. After mixing and centrifu-
gation, the CHCl3 layer containing the phospholipids was dried;
the residue was dissolved in 10 mL CHCl3 containing 1 nmol of
phosphatidylcholine as a marker and applied on a TLC plate.
The chromatography was performed using a solution of CHCl3:
CH3OH: HOAc: H2O 50:25:8:2.5 (v/v). The lipids were stained
with Coomassie Brilliant Blue stain according to Nakamura and
Handa (40). Educt and product of the LAT reaction were
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scraped off the plates and transferred to scintillation vials con-
taining 10 mL of scintillation cocktail. Radioactivity was deter-
mined in a LKB 1214 Rackbeta counter. Enzyme activity is given
as nmol [14C]PC formed per 20 min.

Studies of the effect of ASA-CoA on enzyme activity in the
dark were carried out by using different concentrations of ASA-
CoA in the presence or absence of the competing substrate arachi-
donyl-CoA.

Photolysis
Photolysis was carried out by placing the reaction tubes di-

rectly onto a desk-integrated UV lamp (5,000 mW/cm2; 312 nm)

RESULTS

The ability of ASO-CoA 11 to affect LAT activity in vitro
was investigated by using partially purified LAT from hu-
man placenta. The enzyme (5 mg) was incubated with 50
mM [14C]LPC (50,000 dpm) and various concentrations
of ASO-CoA (0–800 mm) in the presence or absence of 30
mm arachidonyl-CoA. It should be noted that the reaction
was completely carried out in the dark.

Figure 1 documents the obtained results. The photola-
bel was not accepted as a substrate for the enzyme (data
not shown) but even without photolysis it acted as an in-
hibitor of the enzyme activity. The concentration of ASO-
CoA at which LAT activity was inhibited by 50% in the
presence of arachidonyl-CoA (30 mm) appeared to be
about 250 mm.

To rule out any non-specific detergent effects causing
inhibition of the enzyme, we tested the effect of both non-
specific detergents (CHAPS and octylglucopyranoside)
and several fatty acids and fatty acid analogues (oleic acid,
oleoyl-CoA, and pre-irradiated ASO-CoA) in concentra-
tions of 400 mm compared to 400 mm ASO-CoA.

Table 1 documents the results. The enzyme activity was
reduced to 27% of control LAT activity by 400 mm ASO-
CoA. Using pre-irradiated ASO-CoA, the inhibition of

enzyme activity was also reduced (66.2% of control).
Whereas oleic acid was found to inhibit the enzyme activ-
ity comparable to ASO-CoA, oleoyl-CoA induced a strong
inhibition of the enzyme. In contrast, the non-specific de-
tergents CHAPS and octylglucopyranoside reduced en-
zyme activity only slightly (Table 1).

Furthermore, the analogue was characterized for its
ability to act as a photoaffinity marker for covalent bind-
ing to LAT as a model for unsaturated acyl-CoA utilizing
enzymes. Therefore, we coincubated the partially purified
enzyme (20 mg) with 250 mm ASO-CoA and increasing
concentrations of arachidonyl-CoA in the range of 0–100
mm in a final volume of 0.3 mL in the dark. The samples
were incubated on ice for 10 min followed by incubation
at 378C for 3 min to ensure binding equilibration. After
UV-irradiation, the solution was dialyzed against the assay
buffer for several days. Control samples were also UV-
exposed in the absence of photolabel and dialyzed. The
measurement of enzyme activity was performed as de-
scribed in Materials and Methods. As shown in Fig. 2, the
photolabel reduced the enzyme activity to 5% of control
after UV exposure in the absence arachidonyl-CoA. When
the UV exposure was carried out with samples containing
ASO-CoA and additional arachidonyl-CoA, a diminished
inhibition was observed. Using 100 mm arachidonyl-CoA,
the enzyme activity was almost completely (about 95%) re-
stored. When the incubation with ASO-CoA without
arachidonyl-CoA and the subsequent dialysis was com-
pletely carried out in the dark (control II), the enzyme ac-
tivity was only slightly affected (about 85% of control LAT
activity).

The cross-linking efficiency was determined by cross-
linking 20 mg protein with iodinated ASO-CoA, concen-
trating the protein, and measuring the bound radioactiv-
ity in relation to the radioactivity used. The efficiency was
calculated to be about 15%.

To investigate whether ASO-CoA might identify possible
candidate proteins for the LAT, we used the iodinated
ASO-CoA for photoaffinity labelling of proteins in SDS-
gels. Therefore, we incubated partially purified protein
(20 mg) with 1 mCi 125I-labeled ASO-CoA in the presence
or absence of 100 mm arachidonyl-CoA for 10 min at 08C
and for 3 min at 378C. After photolysis, we separated the
proteins by SDS-polyacrylamide gel electrophoresis. After

Fig. 1. Effect of ASO-CoA on the LAT reaction. The reaction mix-
ture contained 5 mg microsomal proteins, 50 mm [14C]LPC, 30 mm
arachidonyl-CoA, and increasing concentrations of ASO-CoA as in-
dicated. The reaction was totally carried out in the dark. Mean val-
ues 6 SD from triplicates are presented.

TABLE 1. Comparison of the effect of ASO-CoA and other
amphiphilic substances on the LAT reaction

LAT Activity

% of control

ASO-CoA 27.0 6 7.5
ASO-CoA (pre-irridiated) 66.2 6 9.9
Oleic acid 25.9 6 5.8
Oleoyl-CoA 5.5 6 2.6
CHAPS 78.9 6 1.7
Octylglucopyranoside 84.8 6 10.0

The reaction mixture contained 5 mg microsomal proteins, 50 mm
[14C]LPC, 30 mm arachidonyl-CoA, and 400 mm of the indicated sub-
stances. The reaction was totally carried out in the dark. Mean values 6
SD from triplicates are presented.
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staining of the gel, the distribution of the radioactivity was
monitored by autoradiography (

 

Fig. 3

 

).
As is clearly shown, only a few of the Coomassie-stained

proteins could be detected by autoradiography (marked
with *). The protein-bound radioactivity was reduced in
the presence of arachidonyl-CoA. This result indicates
that ASO-CoA is suited for the specific detection of acyl-
CoA binding proteins.

DISCUSSION

Several attempts have been made in the past to charac-
terize enzymes and proteins involved in membrane lipid
biosynthesis using photoaffinity fatty acyl-CoAs as sub-
strate analogues. Most of these studies have been carried
out with a photolabel based on medium-chain (C

 

11–12

 

) sat-
urated fatty acids (24–30, 41–44); fewer studies were done
with substances based on long-chain (C

 

16–18

 

), saturated
(45, 46) or unsaturated (41–43, 47) fatty acids, where
some reactive groups are positioned within the hydropho-
bic chain, which may affect the binding of the analogue.
Several proteins involved in lipid biosynthetic pathways
have been examined with these analogues, e.g., acyl-
CoA:cholesterol acyltransferase and cholesterol esterase
(24), 

 

N

 

-acylphosphatidylethanolamine synthase (29), acyl-
CoA binding protein (25, 28), fatty acid binding protein
(26, 45), acyl-CoA oxidase (27, 41), LAT (42, 43), or
monoacylglycerol:acyl-CoA acyltransferase and diacylglyc-
erol:acyl-CoA acyltransferase (30), but only few attempts
have been made to characterize proteins specifically utiliz-
ing unsaturated fatty acids or acyl-CoAs.

Here we describe the synthesis and biological signifi-
cance of a new photoaffinity, iodinable analogue of a
physiological unsaturated fatty acyl-CoA, or, more ex-
actly, of an oleic acid that was 

 

v

 

-terminally functional-
ized via an amino group. This fatty acid was coupled
with a photoaffinity marker (azidosalicylic acid) and acti-
vated by converting it to its coenzyme A derivative to ob-
tain ASO-CoA. This substance was used to characterize
lysophosphatidylcholine:acyl-CoA-O-acyltransferase (LAT).
Neither ASO-CoA nor the enzyme are commercially
available.

LAT was shown to be stable against UV irradiation (data
not shown), which may indicate that one possible func-
tion of the enzyme is to protect membrane lipids against
UV damage. ASO-CoA is not recognized as a substrate for
LAT, but in the dark it acts as a reversible competitor of
arachidonyl-CoA.

This inhibition could not be explained by any non-spe-
cific detergent effect of this amphiphilic substance. Com-
paring the inhibitory potential of ASO-CoA with other de-
tergent-like substances, it is clearly shown that the specific
structure of a fatty acid is needed to inhibit the enzyme ac-
tivity effectively. Even the pre-irradiated ASO-CoA was
much less effective, indicating that the inihibition of the
enzyme activity by ASO-CoA is not due to an overall sub-
stance characteristic (hydrophobicity), but to structure
specificity, which was disrupted by irradiation. The fact
that oleoyl-CoA acted as the best inhibitor of enzyme activ-
ity might indicate that both the unsaturated fatty acid and

Fig. 2. Reversal of ASO-CoA induced photoinactivation of the
LAT enzyme activity by increasing amounts of arachidonyl-CoA. Mi-
crosomal proteins (20 mg) were coincubated with 250 mm ASO-CoA
and increasing amounts of arachidonyl-CoA as indicated. After UV
exposure and dialysis, the LAT activity was determined. Control I
represents the incubation of microsomal proteins without ASO-
CoA; control II represents the incubation of microsomal proteins
with ASO-CoA without UV exposure and subsequent dialysis. Mean
values 6 SD from triplicates are presented.

Fig. 3. Visualizing of acyl-CoA binding proteins, i.e., putative
candidate proteins for LAT, with 125I-labeled ASO-CoA. Hydroxy-
apatite-purified proteins (20 mg) were incubated with 1 mCi of 125I-
labeled ASO-CoA in the presence (1) or in the absence (2) of 100
mm arachidonyl-CoA (A-CoA). After incubation at 08C (10 min)
and 378C (3 min) the solution (50 mL) was UV-irradiated for 1
min. The proteins were separated on an SDS-polyacrylamide gel
(12.5% T; 5% C). The gel was Coomassie-stained after electro-
phoresis (left); the distribution of radioactivity was monitored by
autoradiography (right).
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coenzyme A are recognized by specific binding sites that
increase the binding capacity of the enzyme.

After UV exposure, ASO-CoA inactivates the enzyme ir-
reversibly, but this inactivation can be prevented when the
exposure is done in the presence of arachidonyl-CoA.
Arachidonyl-CoA is capable of protecting the enzyme
against photo cross-linking and subsequent loss of activity
by ASO-CoA. Thus it is concluded that ASO-CoA binds
specifically to or nearby the catalytic site of the enzyme
and is covalently photo cross-linked via its azido group
with the enzyme.

Iodination of ASO-CoA at the 59-position of the phenyl
group offered the opportunity to use the label as a tool to
visualize and analyze enzymes that utilize unsaturated fatty
acids with a narrow range of specificity concerning the hy-
drophobic chain of the acid. Therefore, we used the iodi-
nated ASO-CoA to identify some candidate proteins for
LAT in a hydroxyapatite-purified fraction. It could be
clearly shown that only some of the proteins within this
protein source were capable of binding ASO-CoA specifi-
cally. Non-specific hydrophobic binding of ASO-CoA,
which would not be reduced by arachidonyl-CoA, could
be detected only for proteins with high molecular weight,
indicating the existence of complexes containing proteins
and lipids that bind fatty acids in a non-specific manner.
These results indicate that ASO-CoA is suitable for identi-
fication of LAT or other acyl-CoA binding proteins. We
are currently trying to visualize the LAT protein in more
highly purified enzyme fractions by iodinated ASO-CoA,
with the aim of microsequencing putative labeled proteins
seen in SDS-gel electrophoresis.

Instead of iodination, the substance might also be cou-
pled with biotin via the hydroxyl group of ASO-CoA to
prevent handling with radioactive substances.

Furthermore, the above mentioned “model core sub-
stance” v-amino-oleic acid might be useful in membrane
lipid research and enzyme purification, e.g., the fatty acid
or the corresponding acyl-CoA could be coupled with
some chromatography matrices directly via its amino
group, allowing the purification of enzymes that use fatty
acid or acyl-CoA. In addition, v-amino-oleic acid might
also be a new and effective reagent for the chemical syn-
thesis of photoaffinity lipids (42, 48) thereby acting as an
additional tool for biomembrane research.

The described synthesis scheme (Scheme 1) could also
be easily used to compose other amino-terminal function-
alized unsaturated fatty acids with distinct positions of the
double bond and corresponding derivatives by varying the
agents to start with. For example, when using 1,7-heptan-
diole instead of 1,9-nonandiole for generating the ana-
logue of component 1, an analogue of palmitoleic acid
would be obtained. For that reason this reaction scheme
provides many possibilities for the generation of new tools
for specific membrane lipid and protein research.
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