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The effect of measles virus infection (acute and persistent) on
fatty acid metabolism has been studied in BGM (African green monkey
kidney) cells. In persistently infected cells, there was an increase in
the incorporation of radiolabelled fatty acids into the neutral lipid
fraction. Compared to uninfected cells, the increase was up to 2-fold
for palmitic, stearic and oleic acids and 8-14 fold for arachidonic
acid. The lipid metabolism in measles virus acutely infected cells was
unmodified. The radiclabelled fatty acids incorporated into the neutral
lipids in persistently infected cells were principally associated with
the triglyceride fraction. The implications of a virus- induced modifi-
caticn of lipid metabolism are discussed.

A number of factors are involved in the establishment and propa-
gation of virus persistent infections in mammalian cells. To survive an
otherwise lethal attack, it is necessary that the infection is atte-
nuated. This can be achieved by the accompanying production of defecti-
ve virus particles (1) or interferon (2). With the acquisition of the
persistent state an equilibrium between the viral and host cell func-
tions 1is established. In this state, the virus genome accumulates a
number of mutations which 1lead to a biologically attenuated virus
(3,4). However, despite known changes in the properties of the virus
little is known of the modifications to the cell. In our previous

studies of measles virus persistently infected cells, we found a
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modification of the fatty acid composition in the phospholipids. Thzre
was an increased incorporation of palmitic acid in certain phusphatides
when compared to those synthesized from ij—phosphate. The rnodifica-
tions of the phospholipid metabolism were accompanied by an increased
incorporation of palmitic acid into the triglyceride of the persis-
tently infected cells. These changes must arise from a modification of
cellular metabolism.

In the present study we have examined the metabolism of radiola-
belled fatty acids in uninfected, 1lytically and persistently infected
cells to determine if all fatty acid metabelism is modified in measles

virus persistently infected cells.

MATERIALS AND METHODS

Cells : African green monkey kidney cells (BGM) or the measles virus
(Hallé strain) persistently infected derivative (BGM-P) were grown as
monolayer cultures as previously described (6). For lytic infections,
cells were infected with the homologous virus at a m.o.i, of
0.1 p.f.u./cell.

Lipid extraction : Cell monolayers were washed twice in 0.14M NaCl,
scraped down in the same solution, centrifuged and the lipid extracted
as previously described {5).

Thin layer chromatography : Lipid extracts were resolved into their
respective classes by one-dimensional thin layer chromatography on
pre-coated silica gel plates G50 (Merck). The first 3 cm was chromato-
graphed in diethyl ether followed by hexane, diethyl ether, acetic acid
gQO:lO:l). The neutral lipid fractions were located by autoradiography.

H was enhanced by spraying the chromztographic plate with 7 % (w/v)
PPO/methanol prior to exposure. The position of the neutral lipids were
verified by chromatography of standards.

Determination of radivactivity : The lipid fractions were scraped from
the chromatography plates and suspended in 4 ml of ethanol-water (1:1)
and 10 ml of Instagel (Packard). Counting efficiency was determined by

the external standard channels ratio method.

Radicchemicals : All radiocactive tracers were obtained from Amersham
International. 14

Cell cultures were labelled with either 0.5 uc/ml (1-" C) stearic
acid (1Q0 me/mmol), 4 pc/ml TH(9,10(n)) oleic acid (2 Ci/mmol) or

5 puC/ml “H(5,6,8,9,11,12,14,15) arachidonic acid (120 Ci/mmol).

RESULTS

Confluent monolayer cultures of BGM cells either uninfected

{BGM), 1lytically (BGM-L) or persistently (BGM—P) infected were labelled
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Table 1

INCORPORATION OF FATTY ACIDS INTO NEUTRAL LIPIDS OF UNINFECTED (BGMy,
LYTICALLY (BGM-L} AND PERSISTENTLY (BGM-P] INFECTED CELLS

% radivactivity neutral/total lipid

Fatty acid Perind of
ai 113 {

radiolabelling (h) BeM BGM-L BCM_P
o4 [

{1-" C)stearic acid 2 20.841.8 44.3+1.7
4y

4 17.8+0.1 43.,9+3.0
()

£ 14.340.2 14.7+0.5 37.4i2.l
3 5 i ) ]

H(9,10(n}) 2 19.8:0.2 15.0+0.1 27.540.2
olete acid 4 19.440.7 20.840.2 26.0.0.3"
. . ) _ . {*)

£ 13.6:9.3 IE.SiO.H 27.640.3
3 ]

H(5,5,8,9,11,17,14,15) 2 4.340.1 25.443.8
arachidonic acid ’ 10401 35.9+O.8\\’
. (e

£ 2034001 3.4:0.& BE.BLU.Q

BGM,BM-L and BGM-P cells were 1incubated in medium containing one of the radicactive fatty
acids which was added directly to the medium. At various time intervals, cells were harves
ted, .ipids extracted and the neutral lipid fraction separated.

(*) Iidicates that there was a significant difference in these values from that of uninfec
ted BiM cells at p < .01 (student's t test). Three or four determinations of the fatty
acid incorporation were used for each calculation.

with either 14C—stearic, 3H—oleic or 3H—arachidonic acids. At inter-
vals, cells were scraped down and the total 1lipids extracted. The
neutral lipids were subsequently separated by chromatography and the
incorporation of radioactivity measured. In all cases a greater propor-
tion of the radicactivity was incorporated into the neutral 1lipid
fract_on of persistently infected cells than uninfected countrols
(Table 1). This modification was not found in lytically infected cells.
The incorporation of the saturated fatty acid, stearic and the
monosaturated oleic acid into the neutral lipids was up to two-fold
greater in the persistently infected than non-infected cells. This
difference was even more exaggerated with arachidonic acid where 8-14

fold differences were observed.
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Iat:1e 01

DISTRIBUTION OF TEARIC ACTID AN ‘H—A%‘Ai‘!-iﬁ[, N AT TN NETTIRAL LI 20T
AFTER INCORPORATICN INTG BGM, PBoM-l ard S5M-ib JFL
. 14
fa, 11-" g -caris w1l
Yoot Lhe radicactivity in seuatral lipid
Neutral 1lipid BGM POM-~L B3M-1
4 h £ h b Tk 1 b & h
Choulesterol esters 18.9+6.8 12.4+4.8 L2, 4d. 2 13,4448 6H.4+1.4 &.0+4.3
. . . , - . o (*) (%)
Triglyceride 36.4+7.1 D9.945.8 37.9346.5 0. llls 74.1+8.7 G4.60+4,4
Free fatty acid D.3+0.2 D001 O.d4in, 3 G s4in, 2 D09+005 CLReGLE
. N 1) [
Diglyceride 25,1+1.5 2B, h+3.5 3.847.4 L2441 10,243,272 16.4+1.6
: {*) *,
Cholesterol 16,4+1.4 23,8453 23,0+3.1 18, 1+5.3 4,7+1,3 6.9+1,3
Monoglyceride 1.A+0.1 S.54+3.0 1.34+0.6 T.o241.1 Go40+109 f.40+20.0
| 3 . . .
(b} ("Hj-Arachidunic acid
Cholesterul esters 15.8¢2.4 10.440.1 100,.343.4 15,6441 B.2+1.5, 9.4+3.8
R . . . y [ (I
Triglyceride 13.0+0.9 PrLEs7.1. 7.240.5 D101, £3.5¢h.0 fl.1¢3.7
% W
Frec fatty acid 2.8+0.3 2.040.4 3.9¢1.5 EREETC 9.?+1.D‘ ) 0.1+E.9( '
Diglyceride 26 7:() 3 25.7+%.4 30.0+413.6 18.2+4.5 1(],9+D‘t:\l ! 1l.2+2.0
L (%
“holesterol 36.7:1.0 42.5,7.1 41.5.8.3 43,0437 g7 A
Monoglyceride 5.4+0.3 f.3+1.5 6.1+0.,3 5.5+0.7 S.6+1.9 1.F+U.j;”)

*) Signifies that

there is significant difference froum the curresponding value for

uninfecoted BGM cells.

To examine the nature of the accumulation of the fatty acids in

the neutral lipids, the latter were subsequently separated by mono-

dimensional thin layer chromatography, In the persistently infected

cells,

(Table 2

the radicactivity accumulates primarily in the

triglycerides

). There 1is a significant reduction in the diglyceride and

cholesterol fractions. In uninfected and lytically infected cells,

30-41 %

of the 14C—Stearic acid and 7-12 % of the 3H—ar‘achidonic acid

is found in the triglyceride fraction. In contrast, the persistently

infected cells contained as much as 65-74 %

4
. C and 61-64 % 3H in the

triglycerides. The same result was obtained with 3H—oleic acid.

The percentage of triglyceride in neutral lipid was greater in

persiste

ntly infected than non infected cells. These results show that
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in persistently, but not lytically infected cells, there is a virus-in-
duced alteration of lipid synthesis resulting in the accumulation of

fatty acids in the triglyceride fraction of the cell.

DISCUSSION

During the establishment of virus persistent infections, cells
undergo crises periods in which the equilibrium between lytic and per-
sistent type infections is changed (7). Once a stable equilibrium is
obtalined and maintained between the virus and its host, the cells multi-
ply at a similar rate to that of uninfected cells (4,8). The overall
synthesis of DNA, RNA and protein is unchanged. However, in some host
systems in which the cell has an ancillary product such as the synthe-
sis of hormones, neurotransmitters and antibodies, their synthesis may
he affected (8). However, the biochemical modifications in this case
are unknown.

¥We have previously found (5) in measles infected cells a higher
concentration of arachidonic acid, a precursor of prostaglandins, in PE
than in PC. Thus the methylation of PE (9) which is very active in BGM
cells would produce more unsaturated molecular species of PC than those
synthesized by the Kennedy's pathway. However in measles virus persis-
tently infected C6 glioma cells, a complete inhibition of the methyla-
tion oathway has been observed (10). We do not know at present whether
the increased incorporation of arachidonic acid in infectad cells (as
reporzed in this paper), is linked to the fact that ir BGM cells,
measles virus does not affect the synthesis of PC by the Bremer's
pathway or whether the infection changes the specificity of the acyl
transferring enzymes involved in the synthesis of phosphatidyl-choline.

In the present study, we have shown that in measles virus persis-
tently infected cells, the metabolism of fatty acids is greatly modi-
fied. There is an increased incorporation of both saturated and non-sa-

turate=d fatty acids into the triglyceride fraction of neutral lipids.
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In a further study, w2 (11} and alse Ly:sns ot al, 100 tave ohservod o
obesity phenomenon in mice persistently infocted with canine disrtemper
virus, which is closely related to measles virns., [te zocumalatbion
triglycerides which is the form in which animal fars are stored, nay br
relevent fto the animal model. Studies on the lipid metabolisrm with
adipocytes obtained from obese and lean persistently infected mice are

now 1in progress to determine if a similar phenomenon to thaft observed

in vitro occurs.
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