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ABSTRACT

The lipid composiviion of polymyxin B sensitive and
resistant strains of Serratia marcescens, grown on
either an enriched or an Inorganic medium, was
analyzed. No differcnces were observed for the
contents of total cxtractable lipid, but the amount
of phospholipid was higher when the cells were growm
ont an enriched medium. flowever, there wcre signifi-
cant differences in the fatty acid composition of
the lipid fractions from the sensitive and resisctant
strains, The proportion of unsaturated Fatty acids,
particularly in the phospholipid fraction, was higher
in the scpsitive strains grown on both enriched and
inorganic media, Overall the unsaturated fatty acid
coenient was higher on the strains grown on the en-
riched medium, Our results sugpest that the correla-
tion observed between the proportion of unsaturated
fatty acid and the sensitivity to pelymyxin B is
independent of the type of growth medium used. The
decrease in the total amcunts of phospholipid and
unsaturated fatty acld seen in the cells grown on
inorganic medium may be due to a deficiency of
growth factors which might be important in the
synthesis of these components,

It is being rccognized with increasing frequency that Serrvatia
marcencens, once considered to be nonpathogenic, can cause various
nosocomial diseases (Clayton and von Graevenitz, 1966; Wilfert et
al., 1968; Wilfert et al., 1970; Davis et al., 1970; Maki et al.,
1973). Most of the ¢linical isolates of 5. marcencens have been
found to be resistant to multiple drugs, especially the poly-
myxing (Clayton and von Craevenitz, 1966; Thornton and Cramer,
1970; Wilfert et al., 1970; Maki ot al., 1973). It has been sug-
gested thar differences in the total lipid or fatty acid composi-
tion, or both, are associaled with increased antibiotic resistance
in various bacteria, and that the lipid composition may be of
importance in preventing the entrance or binding of the antibioric
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to the cell (Hugo and Stretton, 19563 Dunnick and O'Leary, 1370;
Norrington and Jumes, 197033 Chang et al,, 19723 Miller et al,,
1973; Prchey et al., 1974; Buttum ct al., 1974; Wade and Tsang,
1975).

In ar earlier study it was shown that, in Serratia marcescens,
an increzsc in the propertion of vnsaturated farty acid #n the
extractable phospholipid may be associated with an increase in the
sensitivity to polymyxin B (Wade snd Tsang, 1975). 1Ir was ex-
plained that the possikle decrease in hydrophobic interactions
between these membrane fatty acids and the é-methylocatsnoic acid
of the polymyxin 8 enables the antibiotic to penetrate with
grcater ease to the site of lethal action. However, it has been
gatablished that various growth factors and conditions can have
an cffect on futty acid composition (Montgomerie et al., 1973;
Cronan, 1974; Maik and Kanada, 1974), In order to ascertain that
the correlation ohbserved between the degree of unsaturation of the
fatty acids of 5. marcescens and the sensitivity to polymyxin B
is independent of the types of media vsed, the lipid composition
of polymyuin B sensitive and resistant strains of Ssrratia
marcescens grown on two types of media was analyzed.

METHODS AND MATERYIALS

The strains used In this study were 08 (resistant) and Bizio
(sensitive). Both strains are nonclinieal, but they are represen-
tative in their response to polymyxin B. The minimal inhibitory
concentrations of polvmyxin B for these strains have been reported
(Tsang et al,, 1974), The cells were grosm om both an enriched
mediom {2,0% Casamine acids, 0.1% glycerine, 0,5% MaCl and 0.3% meat
extract) (lsang =t al,, 1974) and an inorganic salts mediam (0.1%
NH,Cl, 0.02% MgS0, . 7 HpQ, 0.3% Ki,P0, and 0.8% glucose)
(Gladstone, 1937) with aevation (500 ml/min) at room temperature
(20-25 deg C), The cells were harvested during the late leg
phase. Lyophilized whole cells were extracted with chlorofeorm:
methanol (2:1, v/v)} (Huston and Albro, 1974), washed according to
Folch (¥Folch et al., 1957}, dried and then weighed. The extracted
lipids were separated preparatively inte neutral lipid, phospho-
lipid and phospholipid component fracticms by thin-layer chromato-
graph {TLC) on Silica Gel G as previously described (Wade and
Tsang, 1975). The individual phospholipids were identified by
comparison of the Ry values with those of chromatographically pure
phospholipids, The phospholipid content of the extracted lipids
and the percent phospholipid compenent distribution werc determined
by the method of microphesphorus analysis (Bartlett, 1958), The
methods followed for preparation and anmalysis of the fatty acid
methyl csters were reported previously (Wade sod T'sang, 1975).

RESOULTS AND DISCUSSION

Differences in the total lipid or fatty acid composition, ox
both, have been associated with increased antibiotic resistance in
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varicus bacteria (Hugo and brrctton, 1966; Durnick and O'Leary,
1970; Norrington and James, 1970; Chang et al., 1972; Miller et
al,, 1973). In Serratia warcescens an Increase in the proportion
of unsaturated fatty acid in the extractable phospholipid was
suggested to correlate with an inereascd sensitivity to pelymyxin
B (Wade and Tsang, 1975}, However, the fatty acid composition
can be influeneced by various growth facters and conditions,
inciuding the composition of the growth medium (Montgomeris et
al,, 1973; Cronan, 1974; Naik and Kaneda, 1974). To detemmin:

if the correlaiion observed between the degree of unsaturation in
8. marcescens and sensitivity to polymyxin B is due to the Lype of
medETSed, the 1ivid compositinn nf sensitive aasd resistanc
strains grown om twe types of medla was analyzod.

It was found that the percentages of total extraccable lipid
were similar for the sensitive (10-117} and resistant strains
{9-10%) on the two media used (Table 1. There were diffevences,
however, in the amounts of total phospholipid in the strains grown
on differer.t media (Table 1}, Although the phospholipid percentage
is similar for ithe sensitive and resistant strains grown on the
same medium, it is higher in the strains grown in enricied wmedium
(80-82%) than in inorgeuic medium (§3-714). This result is similar
to that of Ballasta and Schaechcter (1971) who observed that when
cells of E. coli are shifted down from a rich te a limited growth
medium, the synthesis of the major phospholipid component,
phosphatidylethannlamine, is inhibited, Howuever, since there was
no significent difference observed in the phospholipid distribu-
tion of §. marcescens grown on rich and limited mediz {Table 17,
it may be that in fhis organism a reduction in phosphollpid
synthesis may affect all component: to a similar dcazree,

The analysis of the fatty acid composiiion of rche total
extractable lipid (TEL), total phospholipid (TPL} and phospholipid
components showed that, regardles: of the type of growth medium,
5. marcescens sensitive to polymyxin B has a higher proportion
of unsaturated fatty acid, or conversely, a lower proportion of
saturatoed falty acid, than the resistant strain (Tables 2 and 3).
This difference is particularly evident in the total phospholipid
fraction (Table 2} whers the ratioc of saturated to unsaturated
fatty acid is higher in the resistant strain 08 (1.2 in enriched,
9.5 in inorganic) than in the sensitive straiy Bizic (0.6 in en-
riched, 3.4 in imorpanic), ‘This relatiomship is alsc reflected
in the fatty acid composirion of the phesphatidylethanoclamine in
which the ratio of saturared to unsaturatead fatty acid in the
resistant strain is higher than that in the sensitive strain
{(Table 33, Thesc results confirm the rclationship obaerved pre-
viously between tiie degree of unsaturation in 5. marcescens and
sensitivity to polymyxin B (Wade and Tsang, 1975), ic is also
abserved that ths total amount of unsatursted Fatty acid was
significantly lower in the strains grown in inorganic medium
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(10-23% in TPL) than those grown in enriched medium (45-61% in TPL),
This wesult may be due to the deficiency of certain important
growth factors in the inorganic medium, such ag the vitamins
nicotinamide in NADP, riboflavin in FAD and panthothenic acid in
coenzyme A which are involved in the desaturation reactions, and
certain aminc acids which can serve as the sources of acetyl Coa
and, thus, enhance the synthesis of fatty acids (Sakawa et al.,
1968; White et al,, 1968).

In conclusion, the corrclation observed hetween the degree of
unsaturation of fatty acids in Serraria marcescens and the scnsitiv-
ity te polymyxin B is independent of the type of growth medium used,
The Increased ratio of unsaturated fatty acld/saturated fatty acid
observed previocusly in sensitive strains grown on enriched medium
was seen also in the strains grown on inorganic medivm. The
decrease in the total amounts of phospholipid and unsaturated
Latty acid seen in the strains grown in inerganic medium may be
the result of a deficiency of vital growth factors which may be
important im the synthesis of thesc components,
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