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The membrane of the Gram-positive bacterium Mirrococeus lutens was shown to eontain at least four
proteins which can be acylated by palmitate. Experiments were carried out by incubating the cells in the
presence of ["*C]- or [*H]palmitic aci¢ and by studying their distribution between membrane lipids and
proteins, One of the acylated proteins of molecufar weight around 38 kDa was clearly identified to be
acylated by palmitate using a multi-step procedure. This included culture of the bacterium in the presence of
[ C]palmitic acid, unlabaled acetate and unlabeled amino acids, followed by preparative polyacrylamide gel
electrophoresis of membrane proteins after a careful delipidation step and, for given proteins, electroelution,
acid hydrolysis and analysis of the fatty acids by gas chromatography. An overall analysis of the four
acylated proteins extracted from bacteria cultured in the absence of exogeneous fatty acids reveals the
presence, in situ, of palmitate as the main fatty acid, and of myristic, stearic and ararchidonic acids.

Inireduction Although the number of reports of these phe-
nomena has increased rapidly over the last three
vears, the biological and structural significance of
protein acylation still remains unclear, Other
questions such as the acylation mechanism and
fatly acid specificity also require elucidation.
From another point of view, the properiy of
CETialL micmisiane prowins 0 5o acylawed is of
potential value for the mmvestigation of lipid—pro-
tein and protein—protein interactions in mem-
branes. Such proteins could be metabolically
acylated hy exopenous labeled fatty acids which
could then serve as probes for fluorescence, elec-
tron spin resonance of photochemical studies.
Thus, the glycoprotein of vesicular stomatitis virus

It is becoming apparent that covalent modifica-
tion of membrane proteins by fatty acids is more
common than previously expected [1-3]. Incuba-
tion of eukaryotic cell lines with radiolabeled fatty
acids reveals the presence of numerous acylated
membrane proteing [4,5] Chemicolly ond fune-
tionally well described membrane proteins have
been shown to be acylated by long chain fatty
acids [6-8}. More recently, a new group of
ectoproteins has been described which contain
covalently linked phosphatidylinositol [3].
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has been labeled with 16-(8-anthroyloxy)palmitic
acid [9] and with a photo-activatable fatty acid
10).
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Recenily, in order to study membrane structure
in greater detail, we have introduced a new photo-
chemical approech which uses anthracene as a
photo-activatable group, after it has been attached
to a fatly acid. 9-{2-Anthryljnonancic acid has
been synthesized [11], and incorporated metabali-
cally into the various membrane lipids of the
bacterium Micrococcus futeus [12). A simple and
versatile photo-crosslinking method has been used
for the determination of the lateral distribution of
lipids in model and natural membranes [13,14].

1t seemed appealing to further extend this ap-
proach to the study of lipid-protein interactions
via metabolic incorporation of anthracene fatty
acid into acylated proteins. As a first step in this
direction, we atterpted to detect the presence of
acylated proteins in the membrane of M. Jurens.
‘The data to be presented strongly suggest that the
membrang of this bacterium coniains at least four
acylated membzane proteins.

Materials and Methods

1. Chemicals

[9,10(n)-*H}- and [1-**Clpalmitic acids were
obtained from Commissariat & 'Energie Atomique
(Saclay, France). Salts and chemicals used were of
analylical grade.

2. Cell growth

Micrococcus futeus (ATCC 4698-4) was grown
at 30°C with shaking in a peptone-containing
mediun, and then horvested at the end of the
exponential phase of growth as described elsewhere
[15]). Bacteria were pelleted by centrifugation.

For growth in the presence of radiolabeled
fatty acids, a sclution containing 0.1 mCi of
{*C]palmitate (specific radioactivity 4 mCi/
mmol o7 18 23 /mmal) or 0.2, mCi of [*H]palmi-
tate (specific radioactivity 50 Ci/mmol) in 0.2 ml
of dimethylformamide was gradually added to the
peptone medium (20 ml) [15], containing delipi-
dized bovine serum atbumin (1 mg/ml, Corpo-
rated NBC) under gentle stirring. Homogeneous
dispersion of the fatty acid was achieved by two
short periods of sonication {30 s each) using a
bath type sonicator. Control experiments indi-
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cated that the amount of dimethylformamide used
did not influence the growth of bacteria.

Cells grown as described ahove (0.1 mCi
[**Clpalmitate; 54 mCi/mmol) were pelleted and
washed twice with 50 mM Tris buffer (pH 7.4),
twice with he same buifer containing 0.2% (w, V)
of the detergent Tyloxapol T 8761 (Sigma, St
Louis, USA) and then twice with Tris buffer.
Radioactivity associated with each washing solu-
iion was counted by scintillation (Intertechnique,
France), and was found to decrease from 2 - 10
cpm in the first wash lo a constant value of 104
cpm after the fourth wash. In these experiments
and in the following, radioactivity counting was
determined to within + 10%.

For kingtic studies, fatty acid {5 mg unlabeled
palmitic acid and 0.35 mCi [“Clpalmitic acid)
and fatty acid-free bovine serum albumin (100
mg) were added to the culiure medium (160 ml)
during the exponential phase of growth of the
bacteria for various lengths of time.

3. Membrane preparanon and delipidarion

Bacteria were suspended in Tris buffer (pH 7.4)
(10 ml) in the presence of lysozyme (0.1 mg/mi,
Sigma), deoxyribonuclease (1 pg/ml, Sigma) and
p-chluiomercuriphenylsulfonate (0.1 mM, Sigma)
and incubated for 30 min at 37°C. Protoplast
formation was monitored by the decrease in opti-
cal density ai 650 am. The suspension was centri-
fuged (2000 X g. 5 min) in order to remove the
residual intact bacteria, then uliracentrifuged
(70000 x g, 1 h) to pellet the membrane fraction.
Membranes were resuspended in water (4 mb) 10
which was added methancl (10 ml) and chloro-
form (5 ml). After vortexing, the mixture was kept
overnight at 4°C. Proteins were then pelleted by
centrifugation (2060 X g, 10 min) and further da-
lipidized as follows: two additional exiractions
with chleroform/methanol (I :2, v/v) twe extrac-
tions with chloroform,/ methanel (1:2, v/v) con-
taining 0.1% NaDodSO, (sodium dodecyl sulfate)
and to further extractions with chloroform/
methanol (1:2, v/v). At each extraction step,
radioactivity associated with the organic phase
was counted and found to decrease from 2 -10°
cpm in the first extract to a constant value of 10*
cpm after the Tth extraction step. The two first
organic extracts were combined to give about 2



192

mg of lipids. Delipidized protcins were lyophilized
to give about 10 mg of dry material (both lipids
and proteins were extracted from 20 ml of bacterial
culture at the end of the exponential phase of
growih, optical density at 250 nm = 12-14).

4. Prateir: gel lectrophoresis and fluoregraphy

Lyvophitized delipidized proteins (around 50 pg)
were solubilized in a migration buffer heaicd at
60°C for 10 min, and subjected to electrophoresis
on a polyacrylamide gel (10%) containing 0.1%
NaDodS0, [16].

Afrer migration {16 h at 20 mA}), gels were
stained with Coomassie blue. They were then au-
toradiographed for one week after a fluorographic
treatment [17).

5. Isolation and analysis of acylared proteins

40 mg of delipidized proteins were subjected to
preparative polyacrylamide gel electrophoresis.
Afier siaining and fiuorography of the gels, the
desired bands were cut out of the gel and dialyzed
in the presence of 20 mM ammonium acetate
buffer (pH 7.4), 0.1% NalodSQO,. For each slice,
proteins were elecuroeluted (100 V) overnight at
room temperature [17] and then lyophilized. Elec-
troelution yield was more than 90%. Residual
MNaDodS0, was removed by precipitating the pro-
teins iwice in cold acetone {—80°C; 2 h).

G Lipid, farty acid and amino acid analysis

Lipids from a total lipid extract were chremato-
graphed on silica-gei plates (Merck G-60 0.1 mm,
chloroform,/ methanol / acetic  acid/ water (65 :
25:10:4, v/v)). Radioactivity associated with the
various lipids was counted directly on the chro-
maiogram with radioscanner (Bertheld, Germany?},

For fatty acid analysis, total lipids, total de-
lipidized proteins or isolated proteins were sus-
pended in 2 ml of a 6 M HC] solution in 2 sealed
vial, and heated a1 110°C overnight. Released
fatty acids were extravted three times with diethyl
ether, and then counied for radioactivity. The
extracted fatty acids were methylated with di-
azomethane and analyzed by gas chromatography.
Cold fatty acids were identified on a Girdel 630
apparatus equipped with a 3% OV1 silicons glass
column, 1 m long. The "C-labeled fatty acids

were analyzed on a Varian gas chromatograph
equipped with an Intertechnique radioactivity de-
tector. They were also analyzed by thin-layer chro-
matography on silica gei plates (Merck G60, pe-
troleum ether / diethy] ether (8:2, v/v)).

Amino acids obtained after hydrolysis of radio-
labeled proteins were subjected to chromatog-
raphy on cellufose thin-layer plates (Merck,
butanol / pyridine / water (6:4:3, v/v)), and the
radicactive amino acids were detected after scan-
ning the chromatogram with a Berthold radio-
scanner,

7. Identification of the acyl linkage

For the identification of the zcyl linkage, pro-
teins acylated with [*H]palmitate were treated with
a freshly prepared solition of hydroxylamine (1
M, pH 8) at 20° C, for 30 min with stirring. Lipids
were extracted with a methanol/dieihyl ether
(1:1, v/v) mixture and hydroxamate derivatives
were identified by thin-layer chromatography on
silicic acid (toluene/ methanol/ acetic acid
(8:2:0,1, v/v)). Residual proteins were hydro-
lysed under alkaline conditions (methanol/
benzene (7:3, v/v), 5% potassium hydroxide,
50°C, 4 h). Finally, proteins were hydrolyzed with
a 6 M HCI solution as previously described. At
each step, the fatty acids were extracted and
counted for radioactivity.

For identification of proieins specifically
acylated via amide linkages, delipidized protuins
were treated with 1 M hydrochloric acid in a
chloroform/methanol (1 : 1, v/v) mixture and then
refluxed at 57°C for 2 h.

Results

L. ['*C)Paimitate incorporation into membrane
lipids and proteins of M. luteus

When the growth medium was supplemented
with {**Cjpalmitic acid, the bacterium was found
to incorporate the exogenocus fatty acid at a high
rate into its lipids (phosphatidylglycerol, diman-
nosyldiacyigiyeerol, phosphatidylinosiiol and
cardiolipin). The rate of incorporation of
[*Clpalmitate into the lipids of M. lueus was
then followed for various incubation times at the
beginning of the exponential phaze of growth of
the bacteria. After 10 min incubation, | Clpalmi-



tate was found in bacteria, partly in the free acid
form (47% of the total radioactivity) and was
already incorporated into the various lipids, mainly
into phosphatidylglycerol (44%). After 30 min,
only a slight increase in incorporation into phaos-
pholipids and glycolipids at the expense of the
neutral fipids was observed and this became more
pronounced after an overnighi (16 h) incubation
time (dimannosyldiacylglycerol 26%; phosphati-
dylglycerol and cardiolipin 59%; phasphati-
dylinositol 6%) (data not shown).

Attempts to detect acylated membrane proteins
with ["*Clpalmitate were unsuccesful. Indeed, after
10 and 30 min incubation of bacteria in the pres-

cC D

Fig. 1. Polyacoviamide gel clectrophoresis of A, luns mome

brane proteins after culiure in the presence of [*Clpalmitate

during 10 min {lanes A and B) or during 16 h {lanes C and D):

Coomassie blue staining {lanes A and C) and fluorography
(lanes B and D).
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ence of ["“Clpalmitate, a significant amount of
radioactivity was found in the lipids (1.3 - 10* and
25-10° cpm/mg, respectively). In contrast, the
radioactivity associated with proteins was low (104
and 3- 10% cpm,/mg, respectively) and presumably
corresponded to background radioactivity. Fluzo-
rography of the corresponding gel {(Fig. 1, lane A)
revealed no labeling of proteins (Fig. 1, lane B).
After 16 h of incubation, i.c. at the <nd of the
exponential phase of growth of the bacteria, the
amount of radipactivity associated with proteins
had significantly increased (1.6- 10° cpm/mg) as
compared to that in the lipids (§- 10° cpm,/mg).
In this case, many labeled bands appeared on the
corresponding fluorogram (Fig. 1, lane D) which
was almaost identical to the protein pattern (Fig. 1,
lane C) revealed by Coomassie blue staining,
However, the radioactivity associated with pro-
teins may not have been due to direct acylation by
[**CJpatmitate. Ft could have been due either to
residual adserbed lipids or 1o the incorporation of
radiolabeled aminc scids derived from [*C)
acetate. As a control, delipidized membrane pro-
teins were submitted to total acid t.sdrolysis and
the aqueous hydrolysate was extracied with di-
ethyl ether in order to separate faity acids from
amino acids. Only one third of the radicactivity
(22000 cpm) was found in the ether phase, the
remainder (45000 ¢pm) being associated with the
aqueous phase. Thin-layer chromatography of this
amino acid fraction on cellulose piates revealed
that lysine, threonine, aspartic and glutamic acids
were radiolabeled. All four amino acids are iinown
to be synlhesized from acetate units.

2. Isolation and analysis of an acylated prorein

In order to reduced non-specific labeling of
proteins du¢ 1o catabolism of [YC]palmitate, the
growth culture medium was enriched with un-
labeled acetate and with those amino acids which
were observed to be labeled, e lysine, threcnine,
aspartic and glutamic acids. The distribution of
radioactivity between amino acids and fatty acids
during a 16 b labeling portod was then measure
after a complete acid hydrolysis of the delipidized
membrane proicins. In s case, two ilinds of tie
radioactivity (42000 ¢pm) was found assocated
with the ether phase and only one third (23000
cpm) with the aqueous phase. When this set of
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proteins was submilted to polyacrylamide gel
electropharesis, the fluorographic pattern did not
exactly correspond to the Coomassie blue staining
paitern (Fig. 2, lapes A and B). Many, but not all
of the proteins were weakly labeled, and one band,
of molecular weight around 38 kDa (band c),
appeared to be much more radicactive than the
others,

The labeled M. fureus membrane proteins were
then submitted to preparative polyacrylamide gel
electrophoresis. Band ¢ was eluted as well as three
other bands (a, b and d, Fig. 2, lane B) which were
arbitrarily chosen, for control experiments. These
proteins were submitied to total acid hydrolysis
and radicactivity was counted hoth in the ether
and water phascs of the hydrolysates, correspond-
ing to fatty acids and amino acids, respectively.
For band c, an ether to water counts ratio of 3:1

A B e D

Fig. 2. Polyacrylamide gel eleccraphoresis of M. lufeus mem-
brane proteins after cuiture of the bacteria in the presence of
unlabeled acenate, lysine, threonine, glutamic and aspartic suds
and {"Clpalmitate {lane A and B) or | Hlpatuiiate {fane C
and D). Proteins were fed afier ie blue staini:

{lane A aad C) and fh:ziography (lane B and D).

"
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Fig. 3. Gas chromatographic and radicactivity profiles (arbi-

trary units) of the faity acid methyl esters obtained afier
hydrolysis of protein band C (see Fig. 2, lane B).

(62000 cpm,20000 cpia) was found, while no
radioactivity could be detected in the ether phase
from hands a, b and d. The four ether extracts
were also analyzed by thin-layer and gas chro-
matography. Only the ether extract from band ¢
showed a single radioactive spot on the thin-layer
chromatogram at the expected R; for a iong chain
fauty acid. As can be seen in Fig. 3, this compound
was identified as [™CJpalmitate (98%) by gas
chromatography conpled with detection of radio-
activity. This clearly demonstrates the attachment
of palmitate to the 38 kDa acylated protein.

3. [*H]Palmitate incorporation into the membrane
proteins of M. lureus

‘T'o test for the existence of other acylated pro-
teins, incorporation experiments were carried out
with tritiavei-paimiiaie with high specific 1adionz-
tivity, ‘ihe incubation time was restricted to 3 hin
order to minimize the risk of labeling anrinoacids
by acetate units which could originate from the
B-oxydative degradatior of palmitate. As gan be
seen in Fig. 2, lane D, at least four radiclabeled
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Fig. 4. Gas chromatographic profile of the fatty acid methyt
esters obtained after hydrolysis of the four acylated proteins
shown in Fig. 2, lane D. Proteins were purificd by preparative
polyacrylamide ge} electeophoresis. They were extracted from
bacteria cultured in the absence of exogeneous fatty acids in
the growth medium. 14:0, myristic acid; 16:0, palmitic acid;
IB:0, stearic acid: 20:0, hidonic acid; Ct, inents
fram the polyacrylamide gel.

proteins could be identified: a triplet of molecular
weight around 32, 35 and 38 kDa, and one band
of molecular weight higher than 100 kDa.

In order to ensure that the tabeled bands corre-
sponded to palmitoylated proteins, their fatty acid
composition was studied. Mcinbrane proteins from
a culture in the absence of exogeneous fatty acid
were separated by preparative gel electrophoresis,
The four bands at the migration positions of the
labeled proteins were electroeluted and submitted
as a whole to acid hydrolysis. The corresponding
ether extract was analyzed by gas chromatogra-
phy. As shown in Fig, 4, it was found to contain
mainly palmitate but also myristate, steacate and
arachidonate. This experiment shows that, “in sitw’,
those proteins are acyiated by palmitate and also
by other long chain fatty acids.

4. Characterization of the chemical linkages hetween
paimitate and proteins

It has been observed that palmitoylated pro-
teins are usually linked through ester or thicester
bonds. From bacteria cultured in the presence of
[PHipalmitate, we submitted delipidated proteins
to hydroxylamine, then to basic hydrolysis and
then 1o acidic hydrolysis. 18%, 75%, and 7% of the
radioactivity were, respectively, released after each
treatment indicating that, in M. luteus, proteins
are palmitoylaied mainiy through esier linkagcs.
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5. Fatiy acid analysis of membrane proteins

Membrane proteins were also analyzed directly
for their total fatty acid composition in compari-
son to that of phospholipids. From a normal
bacterial culture grown in the absence of exope-
neous fatty acids, membrane proteins were ex-
tracted, delipidized and divided into two bat:hes.
The first part was submitted to acid hvdrolysis.
Fany acids were extracted and analyzed by gas
chromatographty as described in Materials and
Methads. From the resuits shown in Table I, the
fatty acid distribution of delipidized proteins was
different from that of lipids with an increase n
the ratio of saturated and unsaturared over
methyl-branched fatty acids.

The second batch of delipidiz=d membrane pro-
teins was tested for proteins specifically acylated
through amide linkages. Delipidized proteins warz
submitted to an acidic treatment befors iotal acid
Lydonolysis. Control experimenis showed that this
treatment induced an hydrolysis of ester bonds in
phosphalipids. It is likely that such a treatment
would also hydrolyze thicester and ester bonds in
proteins. In this sitvation, large differences were
found in the fatty acid composition of lipids and
proteins. While the former mainly contained (60%)
the iso- and amte-iso methyl-branched myristic

TABLE [

FATTY ACID COMPOSITION (%) OF MEMBRANE
LIPIDS AND ACYLATED PROTEINS FROM M. LUTEUS

All these values were determined to within 3% in relative vatue,

Fatty acid Fatty acid composition (€}
bofai  uciipidicsd  Acha-washed
lipids proteins proteins
Cl4:0 [ 6 9
Cl4:1 1 - -
Cl5r 53 40 16
C16:0 13 28 27
C16:1 5 3 5
C17r 7 5 1
C18:0 3 [ 11
Cl18:1 5 4 10
C20:0 2 3 15
C20:1 - - 6
Branched fatty acids 60 45 i7
Saturated and unsatu-
rated fatly acids 40 55 83
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and palmitic acids, the latter contained predomi-
nantly {80%) the normal myristic, palmitic, stearic,
oleic and arachidonic acids. This suggests the
presence of proteins acylated via amide linkages to
long chain saturated fatty acids.

Discussion

A clear cut identitication of acylated proteins is
very difficult to achieve. The only nnambiguous
proof for the presence of acylated proteins rests
on the identification of a covalent linkage between
an amino acid and 2 Jipid. This has been achieved
fo- some proteins such as myelin lpophilin [6], E.
coli proteolipid [7] and calcireurin [8]. In each
case, the polypeptide sequence as well as the fatty
zcyl chain was known zud the covalent linkage
between the amino acid and the lipid was identi-
fict zi cu amide, or an ester {or a thicester) bond.

The usual approach for identification oi
acylated proteins by incorporation of an exoge-
nous radiclabeled fatty acid is meaningful pro-
vided that the radicactivity resides exclusively in
the fatty acids covalently attached to the protein.
Fatty acid analysis following membrane protein
delipidation also relies on the assumption that the
proteins have been totally delipidized. If acylated
proteins still contain adsorbed lipids. they will
probably the released during protein hydrolysis
and the fatty acid content and composition of the
presumed acylated proteins will be erroneous. In
fact, delipidation of membrane proteins is difficult
to achieve and control. Most workers consider
that repeated chloroform/ methanol extraction
teads to total protein delipidation. Others consider
that adsorbed lipids are totally relased from pro-
teins during polyacrylamide pel electrophoresis in
the presence of NaDodS0,. None of these as-
sumptions can be accepted as valid generally.

In the present work, chloroform/methanol
extraction appeared to be insufficient to properly
delipidate, the proteins from the membrane of M.
jutews. Organic extraclion in the presence of
NaDodS0O, was found to increase the release of
free fatty acids and lipids. Nevertheless, after such
a working procedure, the occurrence of residual
lipids adsorbed to proteins in significant amount
could be mled out since after 30 min of incuba-
tion, lipids were strongly labeled whereas proteins
were not.

Another possibility of misinterpreting fluoro-
graphic patterns occurs when exogenous fatty acids
have been catabolized into acetate units which are
then reincorporated into aminoacids and hence
into proteins. Tlis pathway is ignored in most
publications even though it has been observed
when control experiments were carried out [18].
This source of artifact should be checked routinely
when using exogeneous radiolabeled fatty acids.
Indeed, when a fatty acid is incubated with any
cell system for 2 shust pericd of time {10-30 min),
the extent of lipid catabolism probably remains
toc low to significanily interfere with protein
labeling and acylated protein: can be clearly iden-
tified. This is the situation in various viruses for
which the presence of acylated proteins is clearly
established [19-21]. On the contrary, for most
experiments reporied so far for eukaryotic cells
and bacteria, incubation of the cells in the pres-
ence of radiolabeled fatty acids was performed for
several hours and, after isolation of membrane
proteins, many labeled proteins could be observed
[4,5,18]. In certain cases, protein acylation was
ascertained by hydroxvlamine treatment of the
gel, which selectively removed the radiolabeled
fatty acid [4],

In M. luteus membrane proteins which had
been carefully delipidized, iwo third of the total
radioactivity was found to be associated with pro-
line, threonine, glutamic and aspartic acids, a
group of amino acids which are known to originate
from acetate, This can explain why practically all
membrang proteins were found to be radiolabeled,
An approach including culture of the bacterium in
the presence of [“Clpalmitate, unlabeled acetate
and amino acids, preparative polyacrylamide gel
electrophoresis of membrane proteins, electroelu-
tion of given proteins, acid hydrelysis and analysis
of their fatty acids by gas chromatography allowed
us to demonstiratc unambiguounsly that protein
band ¢ was an acylated protein of molecular weight
around 38 kDa. The function of this protein is
unknOwI.

The fluorographic pattern of membrane pio-
teins after incubatior: of the bacteria in the pres-
ence of {*H]palmitare revealed the presence of at
least four acylated Dands, among which the pro-
tein correvponding 10 band ¢ was prominent, Cn
the other land, an analysis of the corresponding



protein extract shows that palmiioylated proteins
are acylated mainly via cster bonds. This is in
agreement with results obtained for other cell sys-
tems [4,5]. Taking into account the conditions of
incubation of the cells in the presence of this fatty
acid, one cannot conclude that ‘in sitv’, these
proteins should be substituted only with palmi-
tate. In other words, cne cannot rule out the
possibility that the bacterial membrane contains
other types of acylated proteins which cannot be
detected with the help of radiolabeled palmitate.
In this respect, palmitate was found as the main
fatty acid released from the four bands isolated
from a culture in the absence of exogeneous fatty
acid. This suggests that some of these proteins are
probably palmitoylated ‘in situ’. Nevertheless,
myristate, stearate and arachidonate were also
found in these proteins. Furthermore, various long
chain faity acids were also released from a total
protein extract from the same bacteria (Table ID.
in both cases, the fatty acid composition was quite
different from that of the host phospholipids with
a clear cut tendency toward saturated fatty acids.
This tendency was markedly increased for the
acid-treated proteins which can be considered as
being mainly acylated via amide bonds. This sug-
gests that assembly of the acylated proteins might
involve a selected fatty acid pool. This has already
been observed in the case of other proteins acylated
via amide bonds [21]. The nature of the fatty acid
is a key point. in the nnderstanding of acylated
protein anchorage and function.

Reports taking inte account the distinction be-
tween acylated proteins formed after addition of
an exogencus fatty acid and natbrally occurring
acylated proteins in whick the Ypid part corre-
sponds to the molecule as it is ‘in situ’, in the ceil
are not abundant. Brzin lipophilin [6}, and gastric
mucus glycoprotein [22] contain palmitate, stearate
and oleate as the main fatty acid compouents.
However, myristate is found at the N-terminus of
some proteins [23] as well as in the pp-60 protein
from Roue sarcoma virus [21) Unfortunatel;, in
none of these studies have the protein bound fatty
acids been compared with membrane lipid fauty
acids.

There are not many studies related to acylated
proteins in bacterial systems [24,25]. However, it
appears that bacteria contain a few such proteins
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{24]. If Escherichia coli lipoprotein is a majur
constituent of this bacterial membrane, the pres-
ence of viber acylaled proteins can be revealed
only with fatty acids of very high specific radioac-
tivity [26]: this suggests that such proteins are not
abundant. In M. fureus, acylated proteins were
revealed only afier a long time of exposure of the
gel to fluorography. The reason for such a dis.
crepancy between prokaryotic and eukaryotic sys-
tems is still unknown.

At the present time, we are synthesizing a triti-
ated derivative of 9-(2-anthryljnonancic acid in
order 1o be able to detect metabolic incorporation
of this compound intc acylated proteins.
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