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vii
. SUMMARY

A solvent system has been developed consisting of
the solvent chloroform° ‘methanol: acetic acid: water
(85:15: 10 3) and silica gel H 1mpregnated in amm%nlum
sulphate (40 gm silica gel H in 100 ml’ “of -15M (NH4)2
S04-in dlstllled water) . " with this system phospholipids of
E. coli can be separated by SLngle dlmens1on tth layer
chromatography Envelopes from E. c011 B/x, 1ts N plasmld
bearing derlvatxves, and a few spontaneous revertants whlch
are fully antlblotlc sensxtlve have been examlned for

L
_‘phosphollpld ‘composition u51ng this solvent system. Fattx
acid ana1y51s was ca;rled out by. u51ng)gas llgUld
\ chromatography technlque. '

No dlfference has been found in the percentage of total
1iplds, phosphollplds or neutral llplds of these strains. No
qualitative-changes in the phosphollpld species have been
detected. As compared to the plasmidiess host, a reduction~

in the ratip of PG/CL has been observed in most of the

plasmid bearlng strains. However, the alterations in. the

PG/CL ratio cannot be correlated to antlblotlc re51stance as
.a few of the antlblotlc sensitlve revertants also showed a

feduced ratio of PG/CL.

Fatty'acid analysis of N' strains revealed a
significant increase in the level of cis-vaccenic acid

relative to that found in the host strain. Elevated levels

rd
L
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of thls fatty acid have also beeq;encountered in a few

o

antibiotic sensitive revertants. This illustrates that the jﬁ)

increase in cis-vaccenic acid does not play any role in
)conferring resistance to,antibiotics in N plasmid bearing’
derivatives. ,.

The altered level of cis-vaccenic ac1d seen 1n the
strains examined could be géily correlated to the property of
cellular clumping shown by these cultures.® No clumps were

'seen in the host. In those' N* stradns'(and in one :
antiblotlc sensitive revertant).in which -the level of
cis-vaccenic acid is comparable to that of the control; no
clumérag is seen. : ' . ‘

The strains forming clumps and having increased level of
cis-vaccenic acid showed a decline_in absorbance and
viability after max imum growth was reacﬁed (rRMlOO+ and its
'sensitive revertant are exceptional in this respect). The
aaa1y51s of’ representatlve stralns harvested after leé hours
growth demonstrated a relatlvely lncreased level of
cis—vaccenic acid and decreased levels of cyclopropane fatty
acids. On the other hand, the strains having fatty acids
comparable to those found, 1n)the N~ host'have hléh surv1val
ratios in the statlonary and(ln the postqstatlonary phase.
The strains tending to lose v1ab111ty in the post-stationary
phase have an .increased ratlo of total unsaturated to

saturated fatty aoids whereas the host and other strains

showing a relatively higher viability revealed a decrease in

17
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r
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-

thls ratio._ The data suggests. that the 1nefficient

conversion ‘of unsaturated fatty acids to cyclopropane fatty

“acids in E. coli straln LEBlB bearing N plasmids is somehow -

correlated with decreased VLablllty. :

\

It is pds31b1e that, the fatty acid alteratlons observed might

<
d permlt an uptake of toxic.. -

g

YJ’iter cellular permeability an

products from the growth medium.

.
<
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INTRODUCTION -
' e

Plasmids are small,}circular and covalengly c}dsed DNA_
molecules yhich are stably:inherited'in an éxfréchromosomal
state and do nBt require any selective pressure for thgir <
maintenance inside the host. They véry in size from one
plasmid to another and are generall§ less than one-twentieth -
the size of bacterial DNA. They act as replicons inside
their hosts. F plasmids, toxinogenic plasyids, antibiotic
résistant plasmids and colicinodenic plasmids are a few

examples of typical plasmids (Novick et al, 1976).

- Plasmid Incompatibility and Entry Exclusion

-

(// Plasmids have been classified into a number' of
incompatibility groups.. Incompatibfiity has been define@ és
the inability of two different plasmids (belonging to the
same incompatibility group) to coexist stably in the—same
host qeli and in the agsence of contihued selection éressure.
The resident plasmid codes for specific alterations-at

A

molecular level in its host, which in turn prevent €h$\

———— ]

establishment of a second plasmid belonging to the same
incompatibility group. Nevertheless, there igfno.barrier to
a plasmid belonging to another incompatibility group being
able to infect_and replicate in the same host. .The barrier
functions which restrict the entry ofﬁélosely related .

o

plasmids are abolished when the gells are grown to stationéry

N
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~” three distinct layers - the outer membrane containing

B

phase of growth with aeration, or when they are starved of

amino acids or treated-with iodate. This, strongly suggests -
N .
that changes in the membranes of the host are mediated bx the .

re51dent plasmld. However, the exact mechanism and functlons .

of the barrier\rfsponsigie for the entry exclusion of a
closely related pﬁasmid are not known in precise biochemical
terms and are doubtless.very complex.

To explain incompatibility many authors have praposed a
replicon model which a%sumes the,existencé:of different
attachmeqt‘sites.needed tor replication by plasmids of
different incoﬁpatibility groups, w?éreas’piasmids of the

—

.same incompatibility group compete for the same attachment

site(s) occupied by a t}lated resident plasmid. This has
v C .
been well reviewed by Falkow, 1975.

2

Cell Envelope of E., Coli ~

The cell envelope of E. coli is thought to consist of

lipopolysaccharide (LPS), a few proteins and phospholipids -

~a rigid peptidoélyéan layer composed of N—acétylglucosamine,

N-acetyl-muramic acid and polypeptide chains attached-to

N—acetylmuramic‘acid and forming cross Qridgés -. the

cytoplasmic membrane made up of many proteins and

phospholipids.- The xchahges in the composition qf the.major
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macromolecules e. o. lipopolysaccharide, lipoproteins,
phospholipids, proteins and peptldoglycan will alter the:
properties of cell enyelope. These changes may occur by
spontaneous-or_induced'mutation of the cell genome. Plasmids
are;also known to change the propertles of E. c011 cell

/

S

.

envelope.

Alterations in Host Envelopes Mediated by F Plasmid

Cells carrying tﬁe F plasﬁid are- known to be different
from cells lacking it. 7t cells differ from F~ in
re dZect to thelr surface‘charge as well as their motility in
éemisolid medium. Orskov and Orskov (1960) showed that F¥
cells acqoired an additional antigen designated by them as .
£+, not -found in F~ cells. 'Ft cells were also
demoostrated to possess long, hairlike structures termed as
F-pili (Brinton, c.C., 1971) which are assembled from a
" single phosphoglycoproteln known as, F—pllln. This protein is
:deficient in amino acids. The F-pilus measures up to 20
ym in lengeh and 8.5 nm in width and hes a central axial hole
about 3.5 nm in diameter. F-pili are also known as sex pili
1 and are different from tge commonly found fimbriae also
called common pili or type I pili. Common pili are

cohparatively very short and are about 1.5 pm in length

~ -+ (Brinton, 1971) .
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F-Pili and Eonjugation

Sex pili are quite fragile and can be removed by.éimple‘
bleoding. 'They, however,:resiot ordinary pipettihg and
gentle dilution. - Blended F* cells are ineffedtive in the
transfer of F factor to female:(F‘) cells. The role of sex
pill in conjugation is not unequlvocally‘eséablished. - One
opinion con51der; sex p111 as hollow channels which affect
pair formation between male and female cells; the F factor is
also transmltted through these channels from the male to the
female. The second v1ew hypothe51zes that sex pili are the '
organs which mediate the formation of speoiEic pairs onlg.
Onces the specific pdir is formed, the sex pilus is thought to
retract inside the male, bringing the male and the female
cells in close surface to surface contact. The F ﬁgctor is
then passed onto the re01plent by some other mechanism(s}
independent of the sex pili. Both the models are

: interesting;-however, they lack experimental confirmation

because -efforts to localise the DNA inside the sex pjli as
woll as the.presence-of\retracted'pili inside the donor, did
not yield any definitive results.

[}

N. Plasmids and their Intergeneric Transfer

As discussed already, sex pili play an important role_in

conjugation. Thls has been confirmed at least: in the case of
/-—‘
F and I plasmids. The picture is surprLSLngly quite complex

in plasmids of the N—1ncompatib111ty group. The extensive

and exhaustive search by electron microscopic examination of
3 R .
. N .
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negatively stained cells carrying rRM98 (i;l—plasn}id), fa‘i"led to:
‘reveal aey structures oOr appendages-similar to sex'ﬁlli
(Brodt et al, 1974). Sek pili have been shown in strains’
carrying F and 1 plasmids. F pili also specifically adsorb
RNA>bohtaining isometric phages as.well as DNA-containing
filamentsus phages (Brinton Jr. et al, 1964). Similarly

\
AKhatoon et al (1972) discovered a filamentous bacterlophage

named IKe which is spec1f1c to E. coli straind” carrylng .

N ﬁlasmids. ThlS phage has been shown to attach directly to!
the Surface of tbe E coli strains harbourlng N-plasmids
(Brodt et al, 1974). These findings are highly significant

in that they jemonstrate interbacterial plasmid DNA transfeq/i
from N-plasmid- bearlng donors to females occurs a
'fmechanlsm which does not involve structures like sex pi{i.
These findings also suggest the possibility of the existence
in nature of mechanlsms for gene transfer whlch are
independent of and dlfferent from those in whlch sex pili are

implicated,

-

T,
Phenotypes of E. coli B/r Harbourlﬁb N-Plasmids

N plasmlds have been shown to mediate some observable
changes an the phenotypic properties of the B/r strain of

E. coli (Iyer, 77 .and Iyer et al, 78). These include:

a) Sensitivity to bacteriophage IKe. ) '

b) Intergeneric transfer of plasmid. -
c) Resistance to various antibiotics.
d) Changes in membrane components. :

. . }! -

. ~ 1. - - | ' .
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plasmids rR48, cRM98' and rR269 lacked the 36500 dalton

Alterations _in Membranes Medieted by Plasmids §

~
£

The classical example of an alteration in the membrane

protein is the synthesis of sex-pili (Brinton Jr..et al,

' 1964). Sex pili are aésemblies'of‘fimbriaellike protein that .

lack arginine, cysé&ne, histidine and proline. R. Iyer (1977)
studied E. coli B/r.harbouring each of seven N-plasmids with
respect to the changes in the membrane proteins evoked by
these plasmids. all the plasmids conferred on the ﬁ st E.
coli B/r, resistance,to various antibiotics; sen51t1v1ty to
the filamentous phage IKe as well as the ability to donate

the plasmid to approprlate recipients. Strains bearing the

protein whlch is one of the major proteins found in outer
membranes of plasmidless E. coli host ‘and the density of the

outer membranes in these strains was also reduced. Plasmlds

R4S, rR199 and rR205 did not mediate any of these

alterations. Plasmld rR46 behaved dlfferently from these two

"groups in that 1t 1ncreased the denslty of the outer

membranes but 4id not alter the level of 36500 dalton

. ~prote1n. Thus it appears that the 36500 dalton protein is

ot implicated in the expression of IKe sensitivity or

conjugative plasmid transfer.

-

Freeze Fracture Analysis of N'Plasmid Barbouring Strains

Freeze fracture ana1y51s of strains lacking the major

r

36.5 K protein showed cleavage within the outer membrane,

3
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whereas the stralns in whlch thls proteln was present at
levels equ1va1em$ to those in the plasmldless host showed a

fracture plane within the cytoplasm1c membrane (Iyer, R.

'1977). The loss of this major protein was ‘seen in the Nt

E. coli B/r but was not seen in Nt E. coli K12

-

transconjugants. A 31000 dalton envelope protein present in
transfer proficient N* E. coli K12 strains is absent in

transferless derivatives. An envelope protéein which

-

' coincides with’ the transfer phenotype in the B/r host has a

molecular weight of 46,500 (Iyer, R., unpublished data).

fhospholipids and their Localisation in E. coli

. The ‘total llplds of E. coli are entlrely located in the
cell enyelppe (Lennarz, W., 1967). Phospholipids are the
major components and comprise about 90% of the total lipids;
neutral lipids account for the rest (Suling'ahdﬂO'Leary,
1977). The total 1lipid content of E. coli has‘heen reported
by many workers to be around 10% of the dry weight of the

celdts. (Law, J.H. 1961; Bishop and Work, 1965; Kaneshiro and

Marr ; /Ranemasa et al, 1967; Cronan,.Jr. J.E;, 1968 and
Damoglfu d Dawes, 1968). |

Ph ﬁholipids are located in both the euter and inner
memgranes (Miura and Mizushima, 1968; Schnaitman, 1970 and
White et al, 1972). The Aistribution of the phospholipid
species is reported to be similar in both the membranes.

However, 1ysophosphatidy1 ethanolamine is located only in the

-
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outer membrane (White et al/ 1972). This may pot be‘the case
in vivo because the phospholipids are comparatively protected

against the enzyme phospholipase which degrades phosphatidyl \\
ethanolamine to 1y50§hosphatidyl ethanolamine iq in vitro {

studies during the extraction procedure.

Phospholipid Species Reported in E. coli

- This aspeét has been extensively studied by many
workers including Law, 1961; Kanfer and Kennedy, 1963; Tarlbv
and Kennedy, 1965; Kanemasa et al, 1967; Cronan, 1968; Ames,
1968 and Desiervo, 1969. Agcording to these workers
phosphatidyl ethanolamine forms a major part; 70-80% of the
phospholipids. The next in .order -are bhosphatidyl glycerol
and cardiolipin each of which’constitute about 5-15% of the
cellular phospholipids. - The other minor phdspholipids
reported are phosphatid&l serine and lysophosphatidyl
ethanolamine. Thé proportion of the phospholipid species has
been shown to vary from one growth phase to anothér {Cronan,
Jr.-and Vagelos, 1972).

It is of interest that whereas_phosphatidyl glycerol and
cardiolipin show turnover during the growth périod, )
phosphatidyl ethanolamine does not seem to do so (Kanemasa et
al, 1967). .The role played by the turnover of the
phospholipid speci?s still remains to be determined. Thg
need to have a complex composition of these phospholipids is

questioned by the isolation of mutants which are defective in
: i

s l - .

e i d e k= 4 s Y TN



the synthesis of phosphatidyl ethanolamine or cafdiolipin.
" (Raetz, i975; Ohta et al, 1974; Hawrot and Kennedy, 1975 and

gchke et al, 1978). From these results 1E'abpears that.

coli. Ultimately we may ‘be .in alposition to acquire mutanﬁs
which function anmally and have membranes with phosphatidyl
glycerol as .the only phospholipid sbecies. It will be
interesting to analyse the behéviouf‘and functions of tie

membranes in such a host,

i

i

) Phospholi;ld Associated Fatty Acids of E. Coli
-

The/ fatty ac1ds of the phospholipids of E. c011 have

been analysed by many wgrkers (Kanesh1ro‘and Marr, 1962;

. Scheuerbrandt and Bloch, 1962; Hilderbrand and Law, 1964;
Bishop and Work, 1965; Karkas et al, 1965; Law et al, 1963;
VanGolde and VanDeenen, 1967; Kanemasa et al, 1967; Silbert
et al, 1968; Cronan, 1968; Peypoux and Michel, i970; Silbert,
1970; Hendler et al, 1970; Suling and O'Leary, 1977.) The
fatﬁy acids reported by these workers consist of saturated
fatty-a01ds comprising laurlc, myrlstlc, palmitic and
stearic. Palmitoleic and cis-vaccenic were the unsaturated
fatty acids encountergd'in E. coli. Cyclopropane fatty acids

) _— - _

were cis - 9, 10 - methylene hexadecanoic acid and

lactobacillic. B -hydroxymyristic has been reported by a few

. of these workers.
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Fatty Acids in Major Phospholipid species of E. coli

Phosphatidyl ethanolamlne, phosphatidyl glycerol and
cardiolipin gre the major phOSphOllpldS. Rito et al (1972)
| analysed the fatty acié éomposition of these phospholipids in
‘E,_coli and found that the proportion.of various fatty acids
ﬁaé different. Major differences Qere observed in the
prbportion of cis-vaccenic acid.which comprised aﬁproximgtely_
30, .50 and 70% of the total fatty acids in phosphatidyl

ethanolamlne, phospha idyl glycerol and cardlollpln

respectlvely. As the t mperature of growth was lowered, a

prqgressivé decrease in lmitic acid and.correspondlng
increase in p;imitoleic and cis-vaccenic acid was found:in -
phosphatldyl ethanclamine" whlle only cis-waccenic ac1d
increased as palmitic ac1d decreased in phosphatldyl glycerol

‘and cardlol;pln.

Fatty Acids in Lipopolysaccharides of E. coli

A small proportion of th;ftotal faﬁty acids is present
in the lipoﬁolysaccharides of E. coli. The ﬁgtty acids are
mainly lauric acid, myristic acid and palmitic acid. (Burton’
and Carter, 1964 Taylor et al, 1966) . Hydroxydecanoic %cid;
C16 unsaturated, cyclopropane fatty ac1ds Cl17 and

Cig and B-hydroxymyristic acid have also been reported in

‘small amounts by these workers in the lipopolysaccharides of

E. coli.

-~
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Effect of Growth Phase on Lipids and Fatty Acid Compésition

There are marked changes in the comp051t10n of lipids

.and their fatty acid composition as growth progresses from

'phosphatldyl glycerol. .Both bhospha

2t
logarithmic to stationary phase. These. changes are reflected

in tﬁe increase in cardiolipin; decrease of phosphatidyl
glyceroi}-;n inerease in cyclopropane fatty acids'and a
simultaneous decrease in unsaturated fatty acids (Kanger and
Kennedy, 1963- Peypoux and Mlchel 1970; Rarfdle et al, 1969;
Starka and Moravova, 1970).- Phosphatidyl glycerol is known
to be a precursor of cardlolipin, hence the increaee in

cardiolipin is accompanied bY\corresponding decrease of’

'd§1 glycerol and

cardlollpln have been .shown to turn over but the role played

-

by their turnover .is not clear so far. R

r : -

Effect of Temperature on Fatty Acid Composition -

« To maghtain ¥luidity of the membranes, E. coli has been
showa to alter its fatty acid eomposition. Unsaturated fatty
acids whlch remain flu1d at lower temperature are increased

L1

with a corresponding decrease of saturated fatty acids during

a shift from higher‘to lower temperature (Marr and Ingréham,

. 1962; Shaw and Ingraham, 1§65;‘Haest et al, 1969; Hechemy and

. . 1
Goldfine, 1971; Sinesky, 1971). Saturated fatty acids
solidify at the'lower temperature whereas the unsaturated .
fatty acids remain in the fluid state at the same

temperature, hence the change from saturated to unsaturated
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fatt& acids taRes place as expected byia shift from higher to

Ll =

lower temperature. A shift from lower to higher temperature

is accompaﬂied by increase in saturated fafty acids and a

. relative decrease in unsaturated fatty acids.

Role of Cyclopropane Fatty Acids

The rdle played by the cyclopropane fatty acids 'still

. remains to be resolved. These fatty acids are produced in

- large proportions in thz/gtationary phase of E. coli. Low pH.-

’

(Knivett and Cullen, 19 5), high temperatures (Marr and
Ingr¥aham, 1962; Kito et al, 1972; Armstrong et al, 1967)J .

high sodlum chloride covdeh ration (McGarrlty and Armstrong,

' 1975) and anaerobiosis (Knivett and Cullen, 1965) have also

e increa:if/production of the _
ids. IE/h s been syggested that the

cyclopropane group protec s‘the double bonds from oxidation

been shown to favour

cyclopropane fatty a

(Law et al, 1963) but this theory has been contradicted by

the incfaase of cyclopropane acids by anaerobiosis (Knivett
. 4 ' -

and Cullen, 1965).

Lipids and Antibiotic Resistance

Several workers have related an increased lipid content

) A h L . ‘ * ) kg L] ’
to bacterial resistance to different antiymicrobial drugs.

Streptococcus pyogenes resistant to tetracycline showed an l

L

. increase of up to threefold in extractablg lipids (Norrington

and James, 1970). Similar findings w reported by Brown

' . ‘
and Wdod.(1972)'oﬁ“examination of Pseudomonas aeruginosa and

3
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Klebsiella aerogenes resistant to polymyxin.. The cell wall

actions of thega pblymyxin resistant strains had lower.
f .

amounts of phospholipids than the sensitive strains. -

Rhifgobium meliloti resistant to viomycin had increasgd levels
__/

of phosphollplds LMacKen21e and Jordan, 1970)

Suling and O'Léary (1977) analysed stral of'theifamily

. Enterobacteriaceae susceptible and resistant to various

antibiotics. They did not observe any gqualitative
differences.in_the composition of phospholipids and fatty
acias. ’They.did not find any significant correlatian between
the total lipids; neutral lipids and phosphoiépids andl
tesistance to antibiotics. They found, however, that the )
ratio, of phosphatidfl glycerol to cardiolipin changed in the
strains harbouring the R factor 222 which imparted resistance
to tetracycline> These strains showed a higher phosphatidyl
glycerol to cardiolipin ratio than the.plagmidless host.
Strains resistant to polymyxin had a decreased ratio of
phos?hatidyl'glycerol to cardiolipin. These workers also
reported differences-in the relative amounts of.unsaturated
ang cyc}bpropane fatty ‘acids between strains senaitivé and
resistant to antibiotics. The findings of thesa workers with
respect to cyclopropane fatty'acids corroborated the‘results
reported by Dunnick and O'Leary (1970).

Legakls et al (1977) examlned the Xipid composition of

-E. coli strains in relatfon to resistange to penicillin. No

qualitative or quantitative differences.in the composition’ of

z
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;'(’//’extractable lipids were observed by -them. The sensiéive -

strains had a slight increase in the triglyéeride fraction.

) -+~ the highly resistant strains showed an increased level-of
myristate which was accompanied h§ a decrease in the ‘level of

other® fatty acids. Bound lipids of resigtant cells had a

[

(I higher level of Pf-hydroxy decanoic ac1d than those of °

sensitive cells. They postulated that the change in the

-

lipid metabolism results in the alteration of the

architecture of the‘cell wall ‘and is responsible for

<

decreased permeib?L;ty in “the uptake of pen1c1111n. No

penicillinase activity could be detected in the supernatants

-

after pelletlng the cells.

-

) Ultrasonlc treatment of £he cells released all the
penicillinase activity. The strains show1ng hlgh re31stance
towards penicillin showed reduced levels in the uptake of

this drug. The mddification.in the permeabiliry of the

membranes which reduces the uptake of the drug, in

conjunctlon with the 'production of the enzyme penicillinase

renders these strai

ns highly resistant to penicillin. This
illustrates the jole played by the permeabilitj barrier built

in the cell en dbe of _ the hiéhly resistant strains.

P
L1p1ds Versus Proteins in Antlblotlc Re51stance

. . i)

As already mentioned, ma workers have assoc1ated

-

bacterial antibiotic,resistance to the total lipid content

. and composition. Resistant gram negative microorganisms have' .

-
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been shown to have decreased cyclopropanpe fatty acids whereas
the resistant gram poeitive bacterié/g;?£EG to reveal this
change (Dunnick and O'Leary, L270) .- C;é?ra and Eccles (1977)
%tu%ied mutants of E. coli deficient in cyclopropane fatty
acids ‘and observed that they were more sensitive to
tetracycline than the w11d type parent straln. They also
speculated that the change in the fatty acid pattern can be *
mediated by prodncts of genes on the plasmid other than those'
of the tetracycl1ne resistance controlllng reglons,

Plasmid mediated resistance to tetracycllne in E. coli
has been reported to be asséciated with the synthesis of
certain membrane proteins referred to as tetracyc;ine-
re31stance protelns._ {Levy and McMurray, 1974- Yang, "Zubay
.and Levy, 1976; Wojdani, Avtalion and Sompollnsky, 1976) .
'W0]danl and coworkers (1976) prepared a specific antiserum by
immunizing rabbits with cell evelopes prepared from an
E. coli strain carrying an R plasmid which mediated‘
resistance tp tetracycline (Tc). The antiserum sO obtained
fias absorbed wrth cell envelopes of an isogenic E. coli §
strain which Eid not harbour an R piasmid and was .
tetracycline sensitive. The absorbed antiserum contained -
.antibodies which reacted specifically with cell envelopes of
E: colt strains resistant.to tetracycline but failed to react
with tetracycline susceptible strains.- These workers were:
also successful in preparing antiserum’ which reacted
specifically with tetracycline resistant strains of

~

s Fs
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sthphylococci, by following the same procedure used for E.
coli. ” ' -

LY
P .

A They also separated and characterised the antigen forr

tetracycline re51stance by passing the cell envelope
preparations of Tc-resistant stralns through a column of
‘golidified antiserum prepared agalnst the cell envelopes of
Tc-— susceptlble strains. The antigen which passed through tﬁe,
column gave a single proteln Egnd\when tested by
SDS-polyacrylamide gel electrophore51s. This protein had a-
molecular weight of 50,000 and reacted spectflcally with

.

antiserum prepared with cell envelopes of Tc-resistant E.

coli strains harbouring R plasmld but did not react with d

5 antiserum prepared against cell envelopes of Tc—susceptible

stra%n. They characterised ‘the protein responsible for _ d

Tc-resistance in Staphyloéocc1 which had a molecular: welght////
\_—‘\._--'

of 30,000 daltons. ToO conflrnvfpelr claim, these workers did

not demonstrate ‘that these proteins were anduced in the

presence ‘of tetracycllne as tetracycllne resistance is L

inducible. Plasmlds code for other changes in the host and

it is also possible that these proteins are the products of

regions of plasmid DNA other than those controlling

tetracycline resistance. i : \;_;///"

"Aims of the Present Investlgatlons . A

Plasmlds of the N 1ncompat1b111ty group are known to

mediate several alterations in the phenotypes of E. coli B/r

-

N
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<\ including:

i) Resistance to anEibioticé.

ii) Sensitivity to phage IKe.

iii)'Alteration in envelope (innef and outer membrane) - ~
density. -

iv) Alterations in integral envelope protein including
elimination or modification of a major outer

, membrane protein of mol. wt. 36,500.

Proteins constitute important envelope components, whiﬁh.

. o are embedded in envelope phospholipids. Together they play
an iﬁﬁortant‘rolé in cellul§r physiology andicomprise the
permeability barrier of the cell. Phospholipids pl;& an
important role in the structural integrity of membranés.
They are also A;eded for the fﬁnction of certain
membrane-associated enzymes.

- . . | The aim of tha}present study was to 1nvest1gate the

L

'phosphollplds and fatty acids of N plasmld bearing strains of

~

E. coli B/r and cdmpare them with those of the plasmidless
host. Attempﬁs would) also.be made to correlate any changes
3 _ o in membrane phospholipids, if found, with observeable effects

[

on cellular growth or other recognizable properties.
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MATERIALS AND METHODS

.g , | _ \\
. . -\
A‘ Bacterial Strains: All the bactef&al strains were

maintained on L ag* pl\ites (composition given below) w@or
without amplc1111n or tetracycline at 30 pg/ml. These

strains were kindly prov1ded by . Dr. Rajul Iyer (Mlcroblology

"and Immunology Department,” Ottawa Unlver81ty). The,st;aLnéf\\\

and théir phenotypes are listed in Table 1.
. & .
Cﬂémicals: The chemicals used weré of the bes;_regS%nﬁ\ﬂ .,
'grade. All the solveﬁts were glassfdistilled beforepuse.~
The phospholip%d kit (standards) was purchaged from Serdary
Research Lab., INC.,“®eondon (ONTARIO). Fatty.acid methyl
'ester standards for G.L.C. weke a gift from Dr. M. Katesb

. {(Biochemistry Départm a University). Cyclopropane

e
fatty acid methyl ester \standards (C17 and Cjg) were

glven by Mr. James T. McGarrity (Blology Department Otﬂjéa‘

UnlverSLty)

-

Growtﬁ Medium: Cells were grown in L broth qﬁiq was

pfeéafed'as follows: ¢ .
Tryptone (Difco) : .10 gms .
Yeast extiiit (Difco) - - 5 gms‘ '//“*,
- Sodium chloride “Z; "5 gms . ‘
Distilled water . 1000 m1’
PH . . : . 7.0, .

+ L agar was preparéa'by adding Difco.agar 41.0%).

P N
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Table 1

ESCHERTCHIA COLI STRAINS*

Strain NO. " Plasmid Relevant Markers**
LEBI8(B/r) . - prototroph -
-+ o +
LEB508(rR45 ) rR45 . Ap Tc Su Tra
T ’ +
LEB509 (rR46 ") rR46 /2 sm s Tc Su Tra
+ ! +
LEB505(rR48 ) rR48 Pen Sm Tc Su Tra

LEB505 (rR48™ ) *** - -

.

~LEB500(rRM100") rRMI00  Ap Tra~ TkePOor

LEB500(rRM100Q ) *#** - -

LEB502(rR8) rRM98  Ap Sp Sm Te Tra Tke®
. .
LeBs10(rr199%) 7 % ymige e mrgt
+ ' +

LEB511(rR205") rR05  Pen Tc Su Tra
LEBS506 (rR269" ) rR269 ' Ap Km(Su?'IR\'\I'raih -

o o ™
LEBS506 (K269 - A

-
oL

* Stfains were kindly provided by Dr. R. Iyer. .
**  mbbreviations: Ap, ampicillin; Tc, tetracycline; Sm,
* streptomycin; Km, kenamycin; Sp, spectomycin; Su,

Selection

-—

Tc

4.8 ¥ 3 B

sulphonamide; Pen, penicillin, Tra*, plagmid transfer;

IkeS, sensitivity to phage Ike.

*** antibiotic sensitjvé revertants have been designated
with a negative stperscript. Although no plasmid ma ~
has been detected}in cesium chloride—ethidium bramide -
gradients (R. Iyer, personal communication), the absence .

of plasmid INA has not been rigorously established.



Growth Curves: All strains were streaked on L agar

plates with approprlate-anttblotlc supplements as requ1red
and incubated at 37°C for 16-18 hours. Subcultures were
made in 10 ml of L broth which were incubated at 379C for
16-18 hours. A portion of this subcylt re was used to
inoeulaterlo ml of L broth in nephlometer' flasks. The
inoculum was adjusted so as to achieve an initial absorbance

of 0.05 unlts at 610 nm u51ng a Bausch and Lomb spectromete?

of

.The culture flasks were then 1ncubated at 37°C in a water
bath shaker -at 150 strokes/mln e. The absorbance was
recorded at ineervals during'a period of 24 hours. The
érewth curves were drawn on semilog paper with time (hours)
~on.the.x—axis and absorbance on the y-axis (Fig. 1).

1’

Total Viable Counts: 0.5 ml of broth cultures were

wiehdrawn aseptically‘and dilgted 106 and 10-7 times
in physiological saline. One-tenth ml of these dilutions was
plated on L agar plates with or eithbue an antibjetic
(amp1c1111n or tetracycllne at 30 ug/ml). Colopies were
scored after 24 hours at 37°C

For the extractlon of total llplds and dry welght B
determination, the cells were grown under similar condltlons
except that 2.4 litres of L broth was used. The vqlume was
kept at one-fifth the capac1ty of flasks. The Qrowfh of
cells was termlnated by 1mmedlate transfer of flasks into ice .

d water,hafter an absorbance of 0.25 was reached. .

3
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Dry Weight of Cells: Cells were harvested (after they

*were grown to an absorbance of 0.25) by centrifugation at
12,000 r.p.m. (16,000 x g) using an ‘International
centrifuge model PR2. The pellet was thoroughly washed once

_with chilled distilled water, pelleted~’ agaln at the same
speed and sﬁspended uniformly in 20 ﬁl of distilled water.
Four ml of this suspension was transferred into a preweighed,
clean and dry weighing bottle. The cells were then dried at
1059C for 16-18 hours and then over KOH pellets in a
dessicator under vacuum for 3 hours. Dry weight of the cells
was determined using a Mettler balance. The remaining 16 ml

. of the cell su‘»ension was‘used for the extraction of lipids.

Dry weight and total lipid determiﬁations were carried

out on a few strains by drying the cells in a freeze dryer.

w.. The cells so dried were welghed accurately and 11p1ds were
extracted from the dried cells.

”

Extraction of.Total Lipidsé é modification (Kates, 1972)

[

of the Bligh and Dyer (1959) procedure was followed for the
extraction of total 1ipi§s. To 16 ml of‘the cell suspension
{see er weight of cells) was added 40 ml of methanol and 20
ml of chleoroform to 9§Eid a mixture of methanol-chloroform—
water having a ratio of 2:1:0.8. The extraction was carried
out at 20°C for 3 hours with conétént stirring. The’

-//://,mixture was then centrifuged at 12,000 r.p.m. {- 16,000 x g)

-

for 10 minutes. The supernatant was transferred to a

I
- . )
‘

. oaE
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separating glass funnel and stored at 4°C.' The pellet wa

‘used for a second é&tractlon by uniformly suspending in 38 ml
of a mixpure of methanol—chloroformfwa;er (2:1:0.8). The
second extraction was carried out for 18 hours-.at 20°C and
the supernatant recovered after centrifugation at 12,000
r.p.m. ‘( 16,000 x g) for 10 minutes. Supernatants from ™
ooth'the extractions were pooled in the separating funnel.
Thirty ml each of chloroform and distilled water was added,
shaken thoroughly and ailowed to eeparate overnight at

20°C. "The lower chloroform layer was collected and the '
‘'remaining mTEEﬁ;e was washed once with 30'ml of chloroform.
The- two chloroform layers were pooled and the llplds were
recovered by addlng one-third the volume of benzene and

evaporating the saldents at 30°9C under reduced pressure in

'
+

a rotary evaporator. rThe dried lipids.were'dissolved in a
small amount of chloftoform, centrifuged at 5000 r.p.m.

(2000 x%g) for 5 minutes; the sopernatant was dried under‘ﬂ
vacuum over KOH peliets and weighed. The lipids were thenl
dissolved in 5 ml of chloroﬁprm'and stored in glass-stoppered
flasks at -200C in an atmosphere of nitrogen. The

_percentage lipid content Qas calculated using the recovery of ;

total lipids (dried) and dry weight of cells.

Neutral Lipids: Neutral lipids were characterised by .

thin layer chromatography on silica gel H plates using a

solvent mixture petroleum ether: ethyl ether - acetic acicf
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{85:15:1). Identifidation was carried out by
co-éhromatography of authentic standards. Phospholipids

stayed ‘at the origin in this system.

Phospholipids: The phospholipid species were identified
by running thin layer chromatography on silica gel H plates |
of 0.5 mm thickness (20 x 20 cms) in different single phase
solvent systems i.e. (i) chloroform-methanol-water (65:25:4)
(Wagner et al, 1961); (ii) chloroforﬁ—methanol—?N ammon i um
hydroxide (65:35:5) (Nichdls, B.W:, 1963) and (iii)
chloroform-methanol - acetic acid-water (85:15:10:3) (a
system evolved by trial and error during the present
investigations; Silica gel H impregnated in 0.15 M. ammonium

sulphate was used fd; preparétion of TLC plates).'

Single Dimensional Solvent System - A Modification

. . .
§ilica Gel H Plates: 40 grams-of silica gel H was

thordtghly emulsified in 100 ml of 0.15 M ammonium.sulphate,
spread uniformly over élass plateé'(zo x 20 cmé) so as.to
give a thickness of. 0.5 mm using a Desega (Germény) spreader.
The plates were allowed to, dry at 20°C éor ah hour and

activated for 3 hours &t 110°C prior to use.

e rh———— e
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Solvent System: The solvent mikture consisted of

chloroform—methanol—ecetic'acid—water'(85:15:i0:3). The
glass chromatognaphlc chamber was 11ned w1th filter paper
soaked in the solvent and the 1id of the chamber was sealed
with adhesive tape so as to achieve_saturatlon of the chamber

with solvent vapours.

y L]

Reagent Sprays for Detection of Phospholiﬁids: Ninhydfin

spray {Wagner et al, 1961} wes employed for the deteceion of
free amino group. Phosphqte_groups'were identified by the )/f—;h‘
phoéphate stain of Dittmer and lester (1964) modified by
Vaskovsky and.Kostetsky (1968). - Periodate Schiff reagent
(Shaw, N., 19633 wds employed to spot viccinal glycol,
containing lipids. _ . !
Lipids wefe visueiizeé by‘eprsure to iodine vapours for
30 seconds. The spots were marked and scraped off the
chromatograﬁ for éuantitative estimatiqn of phosphorus

content. *

. + .
- To acquire permanent records tHe chromatograms ‘were

treated with spraye of Sd% sulphuric acid and subsequently
heated at 150°C. The chromatogfams wefe then'photographed
and stored, These chromatograms were not used for any othd%

test. : o ) . oot

Estimation of Phospholipids: The phospholipids were

estimated by determining the phosphorus content using the



aa b am——

25

modified procedure of Bartlett (1959). The lipid sampiq
contalning 0.5 to 5 Hg of P wascﬁigestéd with 0.8 ml of 72%
perchloric acid for 5 minutes by heating in-a Kjeldahl
digesfion rack over a gas burner. -Distilled water (4.2 ml
was added followed by 0.2 ml of 5% ammonium molybdate

" solution in distilled water and 0.2 ml of amidol solution

' (freshl§ prepared by diésolbing 0.5 gram of amidol in 50 ml
of 20% sodium bisulphite soihtion and filtered). Théntube
contents were:mixed, heated in a boiling wafer bath for 7
mlnutes and cooled for 15 minutes. 'Silica'gel was removed by
centrlfugatlon at 2,500 r.p.m. for 10 minutes. Siligg gel-
controls from torresponding areas were also treated |
similariy. Absorbance was read at 820 nm using a Coleman
Junlor Spectrophotometer in round 12 mm cuvettes., A standard
curye was obtained each time by running 0‘5 -51ug P standards.
Standard phosphate solution was prepared by dissolving

1.09? gzof‘KH2P04 in 250 ml of distilled water to give‘a
sgock solution of 1000 ug P per ml. Samples as well as
standa&ds were run in duplicate. Care was taken to wash the
glass equipment with“trong‘sulphuric acid and thorodghly
rin#e with deionised distilled water.

o

Analysis of Total Fatty Acids of E. coli

Fatty acid methyl esters were prepared from the total -
lipids following the procedure of Kates (1964). Onévml of
total lipids containing 1-5 mg of lipid sample’ was taken in

P

)

-
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" an erlenmeyer flask (50 ml) with a side arm. The solvent was

'.evaporated in a stream of nitrogen. To thls was added 4.5 'ml

of methanollc—HCL (2. 5%) The mixture was heated under
reflux (calc1um chloride tube on condenser) for 2 hours.
Half 'a ml of dlstllled water was added to the mlxture and the
volume was adjusted to £ill the side arm by addlng-
methanoi-water ¢9:1) and the fatty’acid'methyl esters were
extracted with four portions (5 ml) of petroleum ether
{boiling point:'30;60°C). The solvent was evaporated at

309C, in a stream of nltrogen and the dried residue was

dissolved in 50 ¥l of chloroform.
[ ]

Gas.Liquid Chromatography: The methylated fatty ac1ds

were analysed using a CARLO ERBA Model GV gas chropatograph
equlpped with flame ionization detectors. Glass columns 180
cms x 2 mm (1D) goated with '10% SP2300 on 100/120 chromosorb
WAW 01-1849 (Supelco Incy, Bellefonte, PA) were used. The
column temperature was malntained at 190°c. 'Nitrogen was
used as the carrier gas (0.18 kg per square inch). Fatty
acids were identified by comparlson of retentlon tlmes
relative to palmitate and w1th those obtained for the
standards as well as publlshed ones (Kates, 1974). The
percentage of the fatty acids were calculated from the-
chromatograms using the peak-height times retention time

method of Carroll, 1961.

8

. —
T e e i R e ¥ berir Ty T S



27

L

Separation of Quter and 14;er Membranes of  E. coli

The procedure.of Smit ‘et al (1975) was followed with

some modifications. The procedure adopted by Smit et al

(1975) was a modification of the procedure of Koplow and

Goldfine (1974) which in turn was modified from the one

followed by Schnaitman (1970). The procedure used in the

present studies is as follows:’

i)

ii)

iii)

iv)

v)

Cells were grown in 2.4 litres of L broth at 379C
with aerétion to gn‘absorbance of 0.25 at 610 nm.
Cells were pelleted at 12000 r.p.m. ( 16,000 x g)
for 10 minutés'using an International centrifuge

model PR2. The pellet was washed once with ice céld

:10 m M N-2-hydroxy-ethyl piperazine-N'-2-ethane

sulphonic acid (HEPES) buffer pH 7.4 and suspended in
10 ml of the same buffer. Cells were stored at

-70°C till further use.

The cell suspension was diluted to 100 ml with HEPES -

buffer. Ten milligrams each of deoxyribonuclease and

ribonuclease were added and the suspension was

sonicated with 4 x 30 seconds pulées in a Bronwill

Biosonik Disintegrator. The cells were kept ice cold

during sonication.

-

The unbroken cells were removed'by pelleting at

12000 r.p.m. { 16,000 x g) for 10 minutes. -

-

The supernant from (iv} was further centrifuged at

18,000 r.p.m. ( 35,000 x g) for 2 hours. The pellet

r
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constituted the total membranes . .
Vi) Separation-ef the-outer and inner membreﬁes was carried
" out using a discontinucus sucrose gtedient coﬁprised

of 8.ml of 2.02 M; 24 ml of 1 44- M and 20 ml of '0.77 M

sucrose prepared- 1n HEPES buffer PH 7.4.° The total

membranes were_layered ‘on top of the gradient (10—40"

.milligram proteins). The gradient was then centrifuged_
at 22,500 r.p.m, { 50,000 x g) for 21 hours in-a Spinco

SW25.1 rotor in a Beckman LT-2 ultracentrifuge.

Fractions were collected by piercing the bottom of .

: cellulose nitrate centrifuge tﬁbes with 18-gauge

needle. The -contents were collected in seperate glass .

tubes‘(50 dfops iq.each).~ Absorbanee of each fractéoe

‘was recorded at 280 and 260 nm with a Carl Zeisg

Spectrophotometer model M4 Q3. Corrections.were made

for the presence of nucleic acids and proteins estlmated

using. the formula }.e. (A280/A260) X A280. Fractlon
'-nembers (X—axis):we:e plotted against protein levels
(Y-axis). |
. , P »

Peak fractions were pooled, diluted four times with
HEPES buffer and the membranes were recovered by pelleting at
40,000 f.p.m. f l7d,000-x g) for 2 hours in FASO-retof using
Beckman LT-2 ultracentfifuge and polycarbonate tubes. The
membrane pellets so cbtained were washed w1th distilled water

-
four times and flnally suspended in a small volume of

S
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, distilled watér (one ml for outer membranes and 0.5 ml for

inner membranes).

¢

Steps (ii) to (iv) were carried out at
| 0'-'40Co, ) ’ . .
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Growth Curves of Escherichia coli Strains at 370C

*

The growth curves of the E. coli strains used in the

1

present 1nvest1gat10ns all followed almost the same pattern,

at least in the exponentlal phase (Fig. 1) . The mid-log

phase occurred at 0.25 units absorbance. The maximum growth'

1evels were obtalned in about 8110 hours. The plasmidless

‘host, strains bearlng plasmld rRzgﬁ.and the strain cured of

the plasmld rR48 followed, an .identical pattern of growth over
a perlod of 24. hours.‘ They reached a maximum growth level of

1.15 units absorbance and dld not show any decl1ne in 0.D.

‘thereafter up to 24 hours. The strains bearlng the plasmld ~

rRM100 and the strain.cured of,this plasmid reached a maximum-
plateau level of 1.1 absorbance units and malntalned this
level up to 24({houys. The rest of the strarns (bearing N
p;asmids as well as some sensitive revertants) showed a
decline in absorbance aftercohjﬁetion of maximum grdwth \
levels. Most of the N:plasmids affected the growth of the
strains in the stationary phase of the host. Plasmids rR45,
r3269;"rR48'fnd rR199.broved to be most detrimental to the
host strain in its growth pattern. The stralns bearing these
plasmlds £arded to attain the same growth 1evelkasﬂtﬁat of

R
the plasmldless host and also showed a decllne in absorbance

-in the, stationary phase. The straln cured of the plasmid

rR48 followed the growth pattern of the host whereas the

“~
"“.
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Fig. 1. Growth curves of E. coéli B/r N* strains. The

=

strains were grown in L broth (without glucose) at 37°c.
Absorbance: was recorqed at various intervals at 610 nm using

Bausch and Lomb spectrometer. See text for other details.
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R o '
(;fRMloo and rR269 plasmid cured straihs behaved like the

-

-

plasmld bearing strains. "It is'quite likely that some of
the plasmid funct1ons are retained by the strains cured of.
,the plasmlds. The strain bearing the plasmid rR46 reached
only bout 0.4 units absorbance and ma1nta1ned thlS level up . —
to 2;é;;;Z§°§hen grown on L broth without glucose. It showed‘; :
ﬂormal growth in L_broth éﬁpplemented with glucose and ; ‘ . //’
reached a growth level of 1.2 units absorbaq?e.- This growth

level was maintained up to" 24 hours. -

Viability and Clumping of Cells

Thgre was a steady increase in the biablé cells of all
the sFrains in the first 8-10 hours of growth at 37°C,
After this period, a decline in the total viable cells was
observed with most of the N élasmid bearing strains except
for the rR46+, rRM100* ané rRZO‘SS+ strains. Strains
bearing plagmids rR46*, rR205 gs well as the strain cured of
the piasmid rR48 showed giable counts compaeable to those of
the plasmidless host (Fig. 2).

Microscopic egamination of;the cultures revealed an

interesting phenomenon. Strains which showed ‘a decrease in '

‘absorbance as well as in the total number of viable cells

* Vlable counts when grown on L broth with 0.1% glucose

were comparable to plasmidless host. The rR46% strain
) grew poorly (low viable counts) in L broth witheut
glucose,
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Fig. 2. Comparison of growth (total viable counts) of E.

coli B/r Nt strains.  The strains were grown in L broth

(without glucose) at 37°C. 0.5 ml of broth gultures were e
Tthdrawn and diluted 10™% and 1077 ﬁimes_in |

\ physiological saline. oﬁe—tenth ml 6f these dilutions were

P d on L agar :itp or without an antibiotic (tetracycline

or‘émpicillin at 3b Pg/ml). Colonies were scored after 24

hours at 379C. ~Care was takén to disrupt the. clumps by

vigorous shaking for one minute before proceeding to the next

dilution.

s/
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formed clumps. The strain bearing N plasmid rRM100 as well
as the one cured 6f this plasmid q&splshOWed clumps.- No
clumps were seen in LEBL8; LEB509.(rR46%); LEBS505(rR487)

and LEB511(rR205%) in 24 hour 0ld cultures. The strains
cured of the plasmids rR100 and rR269 also formed clumps
which indicates that some of ihe functions mediated by these
plasmids are retained'by these strains. The decline in the -
total viable counts appears to be because of defective growth
and death of the cells.

" The strainé which formed clumps did so in L broth with

or without glucose and also in minimal medium containing

glucose as the sole carbon source. There waé no—change in

the clumping behaviour of the strains when grown at (42°C)
Overnight broth cultures of the strains forming clumps

became clear after one hour of standing at room temperature

as the cells settle o the bottom of tubes. Broth cultures

. of strains not forming clumps stayed turbid for more than 24
hours at room temperature.
It was'obsé;Ved that the strains bearing plasmids
presented problems in their maintgnance,on'L agar at 20°cC.
The plasmidless host always grew well on repeated subcultufeé
whereas the plasmid bearinélstrains tended to lose viability

«

when stored at 20°C for intervals longer than 15 days. The
. '4
plasmidless host presented no problem in recovery from

cultures kept up to one month under the same conditions. It

is interesting that the plasmid bearing strains show normal

)
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growth and iﬁcreased viable éounts during the exponential

growth. -The decline in optical density.as well'in viable

counts occurs after reaching the stationary phase which lasts -

for a shorter duration than that of the host.

The alterations in the composition of fatty acids

_mediated by N plasmids will be ﬁresentéd in detail at a later

- stage of this thesis. The strains forming clumEs had

increased concentrations. of cis-vaccenic acid (Cl8:1) as

compared to the level found in the pPlasmidless host as well

as the other strains not forming clumps.

N

Total Lipids

The percentage of total lipids extracted by the Bligh

‘and Dyer method varied from 6 fo 8 (Table 2) irrespective of

the method of dry weight determinations 6f the cells. (The

dry weight was determined by the freeze drying method as weil

as by drying the cells at 1059C. For

details see Materials

and Methods). No significant difference was observed-in the 1.

percentage of total lipids among the strains analysed. The

percéntage df total phospholipids was

fqund to be alﬁost the

same in all strains as measured by the estimation of total

phosphorus in the lipids extracted by
method; These results imply that the
mediate any significant change in the

phospholipids and the neutral lipids.

.
B L S

the Bligh and Dyer
N plasmids did not

percentage of
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Composition of Neutral Lipids ' "

Th'in layer chromdtography of the total lipids using the

_solvent system‘petroleum ether - ethyl ether - acetic acid
' {85:15:1) did not reveal any qualitative changes in the )
. neutral lipids.A All the stfaing had diglycerides and free
fatty acids which were identified by co-chromatography with
auéhenticfgtandards. Phospholipids stayed at the origin in

this solvent system. (Plates 1 and 2)37’16, FAME, sterol-ester

or hydrocarbons were not found- in all ﬁpe strains.

Composition of Phospholipiﬁs
ﬁ .

Some of the previously described solvent systems failed

- to isolate all the phospholipid species’in single dimensionai
chromikography. *The solvent systems tried were (i)
.chloroform-methanol-water (65:25:4) (Wagner gt al, 1961),
(ii) chloroform-methanol-7N ammonium hydroxide (65:35:5)
(Nichols, B.W., 1963).. By repeated trial and error, a
solvent system was develaped for the present inQestigqtions
(see Material and Methods). This system resolved all the
species of phospholipids encounteréd in the strains under
study, in a single dimension. Except fér phosphétidyl serine
'(present only in small pfoportions), the 'separation of the
remaining phospholipid species was'éxtremely good (Plate 3)

[

and should be useful in the metabolism and turnover studies
{

of bacterial phospholipids.

Five types of bhospholipids were detected in all the E.

e i L e R L e L i el R
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Plate 1 and 2. Characterisation of ﬁeutral*llpiés.
Separation of neutral lipids was carriea out by thin layér
chromatography on silica gel H plates (40 gms in 100 ml of

distilled water). The solveht

ixture was petroleum ether:

ethyl ether: acetic acid (85%:15:1). Neutral lipids were

identified by co-chromatogr hy with authentic stgndards. _ ‘;/
Phospholipids stayed at the origin. TG, FAME and sterol

- ester were not detected.



L TR T

7 i-grrm-ﬂ gnpﬂ """L

37
Plate - 1

Silica Gel H ; I
Solvent: Pet ether : Ethyl ether : Acetic ocid
.85 15 s |

"Oo
¢ o

.-4"‘-,_’ BN

43‘

L
B 45 46 48981981‘.48‘-IGODGTGW
Key: B/r = LEBI®8 . _
45 = LEBSOS(rR45+)
46 | = LEB509(rR46 )
48 = LEBS05(xR48 )
98I_ = LEB500(rRM100 ) .
981 = LEB500(TRM100 ) .
48" = LEBS05(rR487) '
16:0 = Palmitic acid
,r/ﬁG = Diglyceride
1 TG = Triglyceride
FFA = Pree fatty acid
FAME = Fatty acid methyl ester

2

[ T

‘s,

std

T TRR W e

Sierol

‘ester

'FAME

| TG

1 FFA

DG

AL - 55 1+~
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plate - 2

n_n..q.,q- _wfmu‘ﬂﬁf,hﬂ T ey

Silica Gel H
Solvent: Pet. ether : Ethyl ether : JACGﬁC acﬁl

3
il

. : ’F'-. .. 1
S TR .

Key: 98 B = LEB502(rRM98.)
189 = LEB510(rR199 ).
205 = LEBSII(rR205+)
269 a LEB506(TR269 )}
269" = LEB506(rR269")
16:0 = Palmitic acid
oG = Diglyceride
TG = Triglyceride
FFA = Free fatty acid
FAME = Fatty acid methyl ester

Sterol
ester

FAME

TG



Plate 3. Separation and characterisation of phosphollplds of
E. coli B/r Nt, PhOSPhOllpldS were separatéd by thin layer
chromatography usxng silica gel H plates (40 gms 1n 0.15 M
ammonium sulphate). The solvent mixture was
chxprbform—methanol-acetic';cid-watér (85:15:10:3) ,
Identification yasicarried out by co-chromatography with
authentic standards ‘and using various ot@er solvént systems.
. Spots were visualised by spraying the chromatograms with 50%
sulphuric acid and heating.at 1500¢. For assay Of

phosphorus the spots were visualised by exposure to iodine
vapours fog 30 seéands. (For'other details seéiMagerials and

Methods.) » ’ . .o

2

.

Key: B/r = LEB 18 g8 = LEB S00(rRMI00 )  PS =Phosphatidyl Serine
45 = LEB 508(rR45") * 98B = LEB 502(rRM98+) PE =Phosphatidyl
46 = LEB 509(rr46™) 199 = LEB 510(rR199") ethanolamine
48 = 1u8 505(xR48™) 269 = LED 506(:3269':) PG: '“g‘;;ﬂgi;idyl
.48 = LEB 505 (rR487) - .269 = LEB 506(rR269 )} . 1 =cardiolipin
98T= LEB 500(rRML00") LPE = Lysophosphatidyl . o

- ethanolamine =Neutral lipid

-

a

14
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coli strains and they were characterised by their behaviour
—towards various staining reggents (see Hateriél and Methods)
aﬁd by co-chromatography with authentic standards. These
consisted of lyso-phosphatidyl ethénolamine, phosphatidyl
serine, phosphatidyl ethanolamine, phosphatidyl glycerol and
caralollp1n. Neutral lipids raﬁ with the solvent front.

Phosphatldyl ethanolamine const1tuted the bulk of the
phospholipids and its proportion varied fgom 68-75%, followed
by phosphatidyl glycerol and cardiolipin which compr;sed B
aboutl14-18% and 5-9% respectively of the total
Pphospholipids. Lyso-phosphatidyl ethanolamine varied from
1—10% and pposphatidyl sefine”cénstituted approximately
1. 5-4 4% of the total phospholipids. The phasmidless host
and the plasmid cured strains LEB505(rR487) as well as
LEBSOO(rRMle ) had a higher proportion of phosphatidyl
serine (aﬁagﬁ\iz;/ifan the plasmid cured strain
LEB506(rR2697) at had 1.5% of the total phospholipids
(Table 2). . R

LEB508(rR45%) ‘'showed the highest proéortion of
lysophosphatidyl ethanolamine (LPE) ( 1:0% of the ‘total
phsopholipiés). The propostion of LPE‘in the plasmidless
host and the pl;smid cured sfirains was between 2-4%. 1In the
other strains harbouring varjous plasmids, LPE varied from
17;% aéproximatély. The gross variation observed in the -
proportion of LPE may be because of the presence of

phoépholipase]enzymes which.degrade PE to LPE and free fatty
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acids. . : ' * "

As is apparenﬁ from fﬁﬁle 2, the ratio of phosphatid}l
glycerol to cardioLipin_was reduced in the strains haeruring'
the plasmids, except for LEBSOG(fR269+) which showed a
slightly higher ratio of éhese two phospholipids than the
plasmidless parent. . .

Of the plasmid cured strainSﬁNLEBSOO(rRuloo“) _
demonstrated a shift of the ratio of PG to CL close to that
found in LEB18. The other two plasmid cured strains
LEB505(rR487) and LEB506(rR269~) had a reduced ratio of
PG to CL indicating that some of the functions medlated by

the plasmid were not lost.

Separation of Outer and Inner Membranes

The proportion of phospholipids in the total lipids of
whole cells did not reveal any major_differences whié¢h could
be attributed to the presence of the piasmids. The only
significant difference was in the proportion of LPE which was
_higher in some of the strains harbouring plasmids. This, in
. fact, may be the result of the degradation of PE by
phospholipase. .The 1nner and outer membranes of these
strains were separated and analysed in order to elucidate the
alteratlons, if any, in the comp051tlon of the phosphollplds
of these membranes.

The plasmidless host and the plasmid bearing strains

LEBS09 (rR46%); LEB502(rRM98%) and LEB510(rR199%) were



Fig. 3. Separation of outer mgd inner membranes of E. coli

B/r N* strains. The procedure 6 smit et al (1975) was
followed with soﬁe modifications.| Cells were growﬁ in L
broth (without glucose) to 0.25 abéotbance at 610 nm. The
outer and inner membranes were separated by using a
discontinuoué sucrose gradient in 10m M Hepes buffer pH f.4.
(For details see Materials and Methods.)

ﬁ/r N7 = LEBlS N ' .

B/r, rR46+ = LEB509(rR46*)

B/r, rRM98%* = LEB502(rRM98t)

B/r, rR199+ = LEB510(rR199%)

0.M = outer membranes

1.M inner membranes

L
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. N . .

employed for the separation of outer and inner membranes

using a modification of the technique of Smlt J. et al

t1975) (for details see Materials and Methods). Flg. 3

shows the protein concentration (determined by the absorbance
ratio method) of fractions. collected after discontinous

sucrose gradlent ultracentrifugation. The recovery of the

-~

inner membranes being poor, further studies were conducted

only on the outer membrane fractions. As is evident from

/ -

Fig. 3, the{density of the outer membrane of the strain

LEB509(rR46*) hnd LEBS10(rR199%) increased whereas the

strains LEBSOZ;rRHQB*) did not show any such 'increase as

compafed to LEBiB.

"

- (]

- Phospholipids of OuteE Membranes

The outer membranes of the strains examined contained,

all the phospholipid species encountered in the whole cells.
- -

The major compgfients were phosphagrdx£ ethanolamine,

1dyl ethanolamine, phosphatidyl glycerol and
cardioldpin. Phesphatidyl serine'was present.in trace .
s only ( ..5%) (Table 3). The composition of the
phospholipids of outer membranes varied from strain to\)
strain. PE and LPE showed a great variation but the sum
total of both was found to be the same in all the four .
,_JH strains examined. This suggests that the varietion was
because offthe actioq of enzyme phosphol;pase in vitro. As

in the whole cells (Table 2) the ratio of PG to CL was found
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Table 3

PHOSPHOLIPID COMPOSITION OF OUTER
MEMBRANES OF E. OOLI
% of Phospholipids* .

Strain No. LPE PE

I3
I8
:

* LEB18(B/r) . 27.4 61.7 6.9 3.9 1.8

LEBS09(rR46 ) 21.3 68.5 5.9 4.4 1.3

LEBSO2(rRM98')  35.1 58.3 3.3 3.3 1.0
LEBS10(rR199")  28.8 63.7 3.5 4.4 0.8

*  Percent of phosphorus in total phospho lipids.
Abbreviations: See Table 2
Numbers represent mean of two runs on the same batch.
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to be lower in the outer membranes of plasmid bearing strains
than that of the plasmidless host. PE + LPE was much higher
({89-93%) in outer membrane than in-whole cells (73-76%)'and
PG + CL was much lowe} in outer membrane (7~11%) é\an in

o

whole cells (19-24%). .-

Fatty Acid Composition of Bligh and:g;e Extractable Lipids

i

Gas liquid chromatography of methyi“esters derived from

lipids of E. coli strains showed gross differences in the’

“pattern of fatty acids. Major fatty acids were £16:0, Cl6:1

and C18:1 which constituted 86-94% of the total fatty acids
iﬁ the mid-log phase of strains (Table 4).

. The major change was in the content of Cl18:1 (% of toﬁal
fatty acids) of the strains analysed. The plasmid bearing
strains LEB508(rR45%); LEB505(rR48%); LaasoO(rkmloo+);-
LEB502(rRM98%); LEBS10(rR199%) and LEB506(rR269%) had
relatively higher concentrations of this fatty (38-51%) than
those in the plasmidless host which had about 33% thus
reflecting an iqcrease of 14-53%. LEB511{(rR205%) had the
same proportion as that found in the plasmidless host whéreas‘
LEB509(rR46%) had about 26% which is lower By 32%. than that
found in the control strain. LEB508(rR45*) and
LEB506(rR269%) had the highest content of Cl18:1 which
amounted to about 51% of the total fatty acids. _
LEB509(rR46%) had the lowest proportion, only 26%, wHich is

almost half of that found in LEBSOB(fR45+) as well/ as . o
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LEB506(rR269%). Of the plasmid cured strains,
LEB505(rR48~) had a levél of this fatty acid which is close‘
to the level found iq the host strain whereas |
LEB500(rRM100~) and LEB506(rR269~) still .demonstrated the
presence of increased levels of C18:1 and were in fact
comparable to those found in some of the pl mid beariﬁg

strains.

The other major fatty acids, Cl6:0 d C16:1, each

constituted about 26% of the total fa¥ty acids in the host

strain. The remaining strains d variable amounts of these
“fatty acids except that LEB510 rR1§9+) had almost the same
levels of these two fatty acids™as found in the host.
LEB509(rR46%) had the highest content of about 39% of Cl16:0
as é?mparéd to the other strains and had 13% more than was
found in the host strain. LEB511(rR205%) and
LEB505{rR48~) had slightly increased content of Cl16:0
whereas the remaininé strains had reduced content (less by
2-3%) relative to LEBI8 (Table 4). | .

Clé:l Qas also found in variable a@ounts in the strains.

LEB509(rR46%) demonstrated~an increase of 3% whereas

LEB505(rR48~) and LEBS511(
proportion of this fatty acid to that)found in the

plasmidless host: The remaining styains had reduced levels“
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LEB509(rR46%). The rest of the strains showed a slight
reduction of this fatty acid.

:C17:0 cyclopropane forméd 5% of the fatty acids of the
plasmidless host whereas strains cured of the N plasmids
rR48, rRM100, rR269 and the strain bearing the plasmid rR199
had about 4%. The remaining.strains had slidhtly reduced

levels of this fatty acid.

lC12:0 was present ip low levels (1% or less) in the
strains. b13:0_was encountered only in the host and 'in trace
amounts f.OB%). Cl4:1, Cl15:0, Cl15:1, Cl8:0 ;qd the other two
unidentified fatty acids-were detected in trace amounts in
all strains.

The plasmidleés host had the maximum number. of different
fatty acids followed by the plasmid cured strains.
LEBSOQ(rR46+) had only 9 of the 14 fatty acids encountered. o A

4

in the host. »

Fatty Acids and Clumping of Cells

It was observed dyring the present investi%étions that
most of the strains harbouring plasmids formed clumps auring
their growth., The phenomenon of clumping was observed with
the strains.bearing the N plasmids'rR45, rR48, rRM100 and
rR269. The plasmid cured strains LEB510(rR199~) and
LEB506{rR269~) also formed clumés similar to the above -
mentioﬁed plasmid bearihg strains. .

iy , .
The plasmidlegss host failed to demonstrate such clumpsff\‘“

\.
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The strains bearing the plasmlds rR46* and rR205 along with
the plasmid cured strain LEB505(rR48 ) also behaved like
Jo the plasmidless host and did not reveal any clumps during
their growth. As is evident from Table S5y the presence or
absence of the major protein 36.5K daltons could not be .
1mp11cated in this behaviour. The fatty acid analysis of the

N\

strains demonstrateg-the correlation between the amount of
cis-vaccenic acid (18:1) and the formation of oiumps.' The

strains which showed clumps had increased levels gg.CIB sl

comprising between 38-51% of the total fatty acid whereas the

strains not~ forming any clumps contained 35% or less ofs . oo

particular fatty acid.

Fatty Acids of N*B/r in the Stationary Phase

-The'growth curves and viable couhts of the strains
(Figs. 1 and 2) over a period of ‘24 bours reveaied that the
plasmidless host along‘with some of the other strains
(rR46+; rR48™, rRMlOO, rRM100~ and rR205+) entered a
stationary phase that extended up ‘to 24 hours.- These strains
maintained high viahle counts through -‘the stationary phase.
The remaining strains (rR45%, rR48™, rrR199+, rr269% _
and rR269f)‘had stationary phases of a very short duration,
and showed decrease in total viable counts thereafter.,'Hence
the fatty acid ComPOSltlon of some selected strains was

~ ~
determined on cultures harvested at 16 hours following growth

at 37°C to f£ind out if there was any correlation of

1Y

o
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‘.decreased-vjability with the composition of fatty acidsT The
kr‘esults Are presented in Table 6. ‘

. The major fatty acids encountered were C16:0, C17:0
cyclop;OPEne, Cld:l and C19:0 cyclopropane. Cl6:0 formed
about 36% of total .fatty actds of the host, LEB505(rR48+),

- LEB500(rRM100*) LEB505(rR48~) and LEB510(rR199%)
whereas LEB511(rR205%) and LEB500(rRM100~) contained

"about 39% of this fatty acid. LEB509(rR46%) had 42%.

The levels of C17:0 cyéivﬁ?sgane and C19:0 cyclopropane
varied from 8-23% and 0-15% respectively amohgst the strains
analysed. Strains forming ¢lumps and having decreased viable
counts had decreased levels of cyclopropene fatty acids as
compared\to the levels found in the host as well as in the
other strains. (not form1ng clumps and with no decreased

viable counts in the stationary phase). -

r

- The major changes were found in che levels of
cis-vaccenic’ acid (Clajli, It is interesting that strains
' formlng clumps and with decreased v1able counts had
con51derab1e 1ncrease 1n ‘the levels of Cl8:1 whlch .was abouth
,f—**i\ 10 and-lS% respectlvely in LEBS510(rR199%) and
- LEB505(rR48%) as compared to the level found in the host
serain. This same correlatrbnépetween clumping and levels of
Cl8:1 was obsesved in the mid—lcg‘phase (Table 5)°. ‘J'
C14<0, C15:0, Cl6:1 and C17:0 fatty acids were present

.in all the strains and‘their‘levels varied from about 2-21%.

Two unidentified fatty acids were also preseng in most

/_\.-»

‘ / : . toe
.
- .
. .
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strains and their levels varied between 0~3% (Table 6).

It is quite interesting that the host étrain, the ét;ain
bearina plasmid rR205 as well as the strain cured of the
plasmid rR48 had very similar pattérns of fatty 5%165. These
strains do not form clumps and do not show a decrease in
absorbance or in viable counts in the stationary phase.
ﬁEBSOg(rR46+) also does not form clumps and shows no

decline in absorbance but its fatty acid profile was

different from the rest of the strains.
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DISCUSSION

N-plasmids are known to.confer changes in the phenotypes
of E. coli B/r (Iyer, 77 and Iyer et al, 78). Some of these
éhenotypes are: '
i) Sensitivity to the filamentous bacteriophage IKe.
ii) Resistance éo various antibiotics.
iii) Plasmid transfer to Sui;able recepients. - .
iv) Change in the density‘of outer membranes.
v) Efimination of 36500 dalton prétein from outer

membrane by some of the N-plasmids.

In the light of the abovéwmentioned alterations which
may be due to the changed lipids of the cell envelope,sthe
present investigations were,carfied out to find out the.
changes in the composition of 1ipids and fatty acids of
strains harbouring N—plasﬁids and compare them with the
'plasmidless host and with the available plasmid cured

T strains. -

As the composition of lipids changes under vafious
conditions of growth (O'Leary,1967), the strains used in the
present investigations were grbwn under identical conditibns
at all times. As is apparen frém Fig. 1, the growth.of all
strainslfollqwed an identicallpattefn only during tgex
exponential'phase, hence the cells of all the strains were

harvested at an absorbance of 0.25 units which approximately

B P i e T Ll st aiedie A
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represents the‘mid-exponential phase of all the strains.

motal Lipids, Neutral Lipids and Phosphollpids

No changes were observed in the chloroform—methanol
extractable total lipids, neutral lipids and phosphollpld
content of the eﬁrains (Table 2). This is in agreement with
the findings of‘oeher workers {(Winshell and Neu, 1974; Suling
and O'Leary, 1977 and Legakis et al, 1977). Vaczi et al,
1957; Hill et al, 1963; Hego and Stretton, 1966; Hugo and.
Franklin, 1966 and Chang and Tsang, 1972, however, correlated
the antibiotic resistance ‘of strains StUdlEd by them, to the

increased lipid content of strains.

Composition_of Phospholipids

The phospholipid composition of strains (Table 2) did A
not reve\T any significant differe%be between them which
could be correlated w1th any change in the resistance

phenotype of the strains harbourlng the plasmldé. Sullng and

O'Leary (1977} reported a quantltatlve dlfference in the

phospholipids of antibiotic susceptible and registant strains

.
v

of Serratia marcescens.  The E. coli strains studied by

them did not reveal such changes in phospholipid

composit{on.

| In the present studies the strains harbouring plasmids
were feund to have changed ratios of phosphatidyl glycerol to

cardiolipin. The PG/CL ratio was found to be lower in the
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\

strains harbouring plasmids, except for LEB506(rR269%)
which had a higher PG/CL ratio than that of the plasmidless .
host. These findings were similar to those\:eported by
Suling and O'Leary (1977); These workers thought that
antibiotic resistance was due.to changed lipids of the outer
ﬁ:‘_membranes. ‘The presené investigations demonstrate that the
data on PG/CL ratio dould easily be‘intérpneted wrongly and _
correlated with antibiotic resistance but the results
obtained on the plasmid cured strains proved otﬁérwise (&;ble
2¥. The ratio of PG/CL was found to be lower in the plasmia-
cured strains LEB505(rR48~) and LEBSOﬁ(rR269T) and was
close to the PG/CL ratio encéuntered in most of the plasmid
carrying strains (Table 2). This suggests that the ratio’ of
PG/CL- is not controlled by the region of plasmid DNA which
imparts antibiotic resistance to the host. Presumabiy the-
ratio of PG/SEnis controlled bf gene(s) other ghan those
imp%rting antibiotic resistance. The genes controlling PG/CL
ratio could possibly be transposable and become integral
parts of tﬁgahost genome. Thus, they wbuld‘qot be lost
during loss of the plasmid, whetﬁer this occured
1 spontaneously or by artificial manipulatiods. It is also
likely that the sensitivé revertants still have a smaller

plasmid with the PG/CL ratio determinants.

-Phospholipids of OQuter Membranes

211 the phospholipid species found in the intact cells
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were encountered in the outer membrane fractions als&flm
However,_;he relative concentration of the various
phospholipids was different in the latter (Table 3). Though‘
~ the pgrgentage of fE va;ied from strain to strain, the sum
total of PE and LPE remained the same. The\increasé in the
level of LPE observed in the outer membrane fractions may
po;sibly be due to an in vitro effect of a phospholipase
which is usually present in the outer membranes. Similar
“findings were'repérted by White et al, 1972.

The ratio of éG/CL changed in the outer membrane
fractions. The ratio of thése two phospholipid specieé was
lower in the outer membrane‘fractions of strains harbouring
plasmids. Similar results were observed in the PG/CL ratio .
of the intact cells also (Table 2). Results obtained on the .
ratio of PG/CL in intact cells of plésmid cured strains ruled
out the corfelation of this alteration, to antibiotic
resistance. Whether such changes are to the advantage or
disadvantage of the cell remains to be investigated; These
changes, however, do not seem to have any bearing on-any of
the known phenotypes of E. coli strains harbéuring various

‘N—plasmids investigated in the present studies.

Fatty Acids of E. coli in Mid-log Phase

Y

The analysis of fatty acids of the total lipids revealed
marked changes in the composition of various fatty acids in

_the E. coli strains. The most obvious alterations were found

PN KN
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in the proportion of Cl18:1 (cis-vaccenic acid) (Table 4).

" The plasmids rR45, :R48, rRM100, rR199 and rR269 increased
the level of this unsaturated fatty acid. The increase.in
the level ranged from 14-53% of the total fatty acids higher
than the level found in the plasmidless parent. This
observation corrohdrates the findings of previous workers
(Dunnick and O'Leary, 1970 aod Suling and OTLeary, 1977).
Plasmids rR46 and razoé differed from the other plasmids.
rR205 did not change the level of Cl8:1 whereas rR46 reduced
the level of cis-vaccenic acid considerably. In fact the
plasmiad rR20§ infecfed E. coli strain éhoweq the same levels
of various fatty agids as encountered in the plasmidless

. parent (Table 7). Plasmid rR46 on the other hand incn;ased
the level.-of Cl6:0 by 47% as compared to the level of Clé:0

-in the host strain. As is apparent from fable34, the
increased levol of Cl8:1 was mostly at the expense of Cl6:1
and C16:0. | | . ‘

The fatty acid analysis of the plasmid cured strains
gave interesting results (Table 8). The pattern of the fatty

acids of the plasmid cured strain LEB505(rR48~) showed a
close resemblance to that of the plasmidless host whereas the
other two plasmid cured stralns LEB500(rRM100~) as well as
LEB506(rR269~) had fatty acid content which was 51m11ar to
that of several N* strains examined}(Table 4). ‘This
clearly proves that some of the plasmld functions that

mediate alterations in the composition of fatty aclds, are
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not lost.  This is consfstent with the hypothesis that some
of the genes on the plasmids can act as transposons which
have the capability of’translocation to the host genome and
becomg its iﬁtegral ﬁagt. Thus these tréqubsable genes
could be retained by the bacFerial host evéq\ffte the N
subsequent spontane;ué or induced loss &f the plasmid. It is
also possible that a smaller plasmid thch carries the genes
. for such functions exists in sensitive revertants. )
The fapty acid patterns of the strains LEBS09(rR46%),
.LEBSIi(rRzos*) {plasmid carrying and'resistant.tq |
antibiotics), LEBSOO(rRMlOO").and LEBS06(rR269™}
(sensit#ve to antibiotics) (Table 4) convincingly demonstfate
the absence of correlation between resistance and unsaturated
fatty acid levels., Strains LEB509(rR46%) and
LEB511(rR205%) did not show increased levels of uﬁsaturated
fatty acids ut were resistant to various antibiotics,
whereas LEBS00(rRM100~) and LEB500(rR269~) (plasmid cured
strains) had increased levels of unsaturated fatty acids-lut
were susceptible to antibiotics. This is contrarg to, the.
opinion. ofsother workers (Dunnick éﬁd O'Lea_ry, 1970; ﬁ,grose
and Higgihs,_1974 and Suling and O'Leary, 1977) whg\
correlated the inc}ease of unsaturated fatly acids and
aecrgaSe in cyclopropané fatty écids with antibiotic
resistance. ' Legakis et al (1977{€j:§gkved no change in the

composition of fatty acids of E. €0li strains susceptible and

resistant to penicillin. 1In the present. studies, //,

NG
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LEB511(rR205%) showed almost the same composition of fatty
acids as found in ﬁhe host. Chopra and Eccles.(i977) also
ruled out the association of the content of cyclopropane
fatt§ acids with tetracycline.gesistahce. The present
studies fevealed no qhanges1in'the level of cyclopropane
fatty acid amongst various strains 'susceptible or resistant
to tetracycline (Table 4). Plasmid mediated resiétance to

-

tetracycline has been associf@kd with the synthesis of new

membra;e proteins designated as tetracycline resistance ~

prbteins (Levy aﬁd McMurry, 1974; Yang et al, 1976; Wojdani’

et al, 1976). e '

From the analysis of fatty acids of E. coli strains'
included in the present investigations, it can be concluded
that:

i) Some of the N-plasmid genes mediaie the alterations

. in fatty acids. The fact that the tty acid content
of LEB505(rR487) is similar to that of LEB1S8

suggests that the determinants of changes of fatty

acid contenﬁ are plésmid based.

ii) The N-plasmid gene{s) controlling the antibiotic
resistance are different from the gene(s) coﬁtrolling
the alterétions.in fatty acid composition. "

*iii) Plasmid rR205 lacks the gene{s) which mediate the

alterations in fatty acids.

Whether the same is true with the rest of the plagmids
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needs to be investigetea. Plasmid rR48, however, d&d not
produce a similar effect, at least in the plasﬁ}d cured

rR48~ strain tested and its fatty acid pieture resembled

that of the plasmidless host. 1t is }nteresting that strains
LEB500(rRM100~) and LEB506(rR2697) express identical
phenotypes with respect to clumping:and'fatty acid contente

(Tables 5 and 7).
L e

Correlatlon of Fatty Acid Cl18:1 to Clumping

It was observed during the present investigations that
some Ef Coli strains harboqﬁlng various N plasmids formed
clumps during their growth. This was encountered wi%h the
strains. harbouring the plasmids rR45, rR48, rRM100, rR199 and
rR269. Plasmids rR46 and rR205 failed to show this _' -
phenotyRE;"Plasmid-cured strains LEB500(rRM1007) and
.LEBSOG(K3269‘) also yieldedlclumps whereas the plasmid
cured strain LEB505(rR48~) behaved like its plasmidless
host in not forming any clumps. Manning et el (1977)
reported the phenomenon of clumping in their studies 6n g;.
coli Kjp mutants and correlated this with the loss of one
of the ﬁajor_proteins of outer membranes, 3A. OMB mutants of
E. coli Ky which lacked the mzio_r protein I, did not
show any clumpé in their inves 'gaﬁions. Some of the E. coli
strains used in the presene investigatione also lacked 36.5K
dalton protein, the omp B product; however, there ﬁas no

correlation between clumping and the absence of this protein
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at least in the B/r Nt .strain of E. coli (Table 5).
_-Correlation was found between clumping of cells and
their fatty acid composition. strains which have higher
levels of cis—vaccenic avid (Cl8:1) formed clumps (Table 5).
The strains which had a concentration of 55% or less of
cxs-vaccenlc acid did not cﬁump whereas . an increase of 9% or
more of the cls-vaccenlc ac1d resulted in the clumping of
cells. The incréase in the concentration of cis-vaccenic
acid was observed to be mainly at the expense of the
saturated and ‘unsaturated fatty acids pa1m1t1c (C16 0) and .
paimitgleic (Cl6:1). No correlation was observed between
clumping and jevel of palmitic or palmitoleic acid.

LI

Fatty Acids,Clumping and Viability of LEB18 N* -

Fig. 2 shows that strains that form clumps show a
decllne in viable counts with tne eqfeptlon of
LEB500{rRM100*) and LEBSOO(rRMlOO ), beyond the
stationary phase:’-ﬂhls decllne may be attributable to the
clumps in the cultures. 'Surko and Iyer (personal
dbmmnnication) found that the LEB18 Nt strains that form.
clumps begin to do soO only in the exponential phase and at
characterlstlc optiéal densities. Clumps were not seen in
the lag or very early exponential phase of growth. The
' growth curves and resnlts_obtalned on the total viable counts

(Figs. 1 and 2) demonstrate the steady increase in the

absorbarnce and total viable counts throughout the log phase
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of\growth although clumps were present during this period.

- Clumps could also be dlsrupted by hundredfold dilution and’ p

4

vigorous shaklng for one minute, 1rrespect1ve of the phase oﬁ

growth. This confirms that .the decline injviable counts \\\»

cells and not beca{se of the clumfs.
As discussed earlierﬁthere is a. correlation'betweenbtféﬁ
clumping and levels of c1s-vaccen1c acid (Cl8:1) determined
in -the mid- log phase* (Table 5). ‘The analy31s of atty ac1dsﬁx\3
on sonte of the selected strains in - thelr post statlonary
k\ phase showed that the _strains that formed clumps Stlll have
increased 1evels of c1s-vaccen1c acid (Cl8:1) plus cl9
cyclopropane fatty acid (Table 9). Marr and Ingraham (1962)

. showed that- E. c011 adjusts its membrane quldlty by changing
the proportion of ‘cis-vaccenic acid. In the present ‘t\\\

.11nvest1gatlons, many of the N plasmlds have been fdund to C.

1

increase the proportlon of c1s-vaccen ac1d (Tables 9 and

10} as compared to the plasmldless hos at the same o :
\ . ’ " L}
. emperature and under 51m11ar conditaons of growth. . ’

' Bl

» "It is obvious from the present 1nvestlgatlons that the -

i creased level of unsaturated ﬁatty dacids does not affect
r - .
Egze viab111ty of the cells in the expOnentlal phase of

. - 3

growth. As growth progresses towards the stathnary phase,
the cells change .their fatty ac1d compo“' n conslderably in ...

'

A

: order to cope with the changed environment. These

o

alterations, which have been- attrlbutei to the resLdent .

e
R . -
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‘Table 10

FATTY ACIDS OF E. QOLI B/r*
3 of totyl fatty acids**

-

<

Patty LEBlS LEBSO8  LEBSOS  LEB500 LEBS02 LEB510  LEBSO06
acid  (B/r)  (rRast) (rmas’) (eroo™) (rR98’) (xR199%) (rR269™)
12:0 1. A4 .4 3 .4 .6 "5
13:0 03 - - - - - -
14:0 3.0 1.7 2.0 2.1 2.2 3.8 2.4
14:1 .5 .2 4 3 3 3 .2,
1500 1.4 - - - .03 1 -
15:1 1 - .03 - - - -
16:0  26.4  22.9 23.5 -23.2- 23.2 26.7 23.0
16:1  26.7 19.6  20.7. 22.4 :22.8 5.6 0 19.1
17:0 7 1 - -2 .06 -
17:0 cy 4.7 2.5 2.7 3.0 2.9 3.9 2.7
18:0 .5 6 1.2 .4 6 ) 3 .6
18:1  33.4 51,1 48.9 47.4 6.4 381 50:8
ul 0.9 .8 .5 5 5 .5 .4
w2 2 3 A4 4 5 2 3

Q‘

o
. *  Excerpt from Table 4. ) . .

** O 2 batches/culture harvested in mid log phase on 2 different
v  occasions. . : . . X

¥ -

v,
L]
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L3

#lasmids are sudh'that most of the strains tend to lose
viability in the stationary phase (Fig. 25. Most of these
strains had increased level‘of cis—taccenic acid in the
mid-log phase. LEBS00(rR100%) and its plasmid curedl
derivative proved. to be exceptions whose relative viabilities

were comparable to that of the host strain (Table 9).

The fatty acid composition of the strains analysed in
the statiogary phase demonstrated‘that the strains shoﬁing a
dramatic decrease in relativé'viability (viable counts
24 hrs/10 hrs # 100) contained a high level of cis-vaccenic
acid and decreased levels of cye}oprdpane fatty acids. E.
coli mutants defective in the s?nthesis of cygltpropane fatty
acids have Leeﬁ shown to behave like the wild type strain
(Tayloragd Cronan, 1976).

1cture &\

e,.was’ found

In the present studies the fatty acid

LEB509(rR46%) (Table 9) in the stationary ph S
to be different from the rest'of the strains. In spite of
the low levels of cyclopropane fatty acids (8% of total fatty
ac1ds), ‘this straln had relative v1ab111ty comparable  to the

host strain and others having elevat@d levels of.cyclopropane

Eétty acids.
Tte rttios of tﬁ; unsaturated to saturated fatty acids-
it the mid-log. and stationary ﬁh;ée reveal that the strains
could afford to have 1ncreased propoqt10ns of unsaturated
fatty acids in the log phase but as the growth progresses to

the stationary phase, the strains adjust the composrtloN\of -
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fatty acids by decreasing unsaturated fatty acids with a‘

concomittant incres of saturated fatty acids {Table 9).

The strains that could pdjust the composition of fatty acids
so as to have half (or wmore than half) of the saturated fatty -
acids in their membranes howed high relative viability |
(viable counts 24 s/10 hrs x 100). ©On thq contrary..
the st;ains unéble to do so (and had more thén half of the
unsaturated fatty acids) tended ﬁo lose viabilitf. it is
likely that the unsaturated-fatty aéid content and its
inefficient conversion to cyclopropamne fatty acids in the
stationary phase is responsible fof the deatp of the cells in
the statiohary phase. The accugulation of'éoxic products and
.other factors which include changeé in pH may be detrimgntal-

to the cells with membranes of 1ncreased\fluldlty. The fatty

~acid alterations observed mlght alter permeablllty of cell

membranes ahd permlt an uptake of toxic products from the

.

growth medium.



n . _ { \7

REFERENCES - .

Ames, Giovanna F. (1968). "Lipids of Salmoneilla
typhimurium and Escherichia coli: Structure and
Metabolism". J. Bacteriol. 95: 833-843. -

Armstrong, J.B., Adler, J. and‘bahl; M.M. (1967).
"Nonchemotactic mutants of Escherichia coli”.

Bartlett, G.R. (1959). "phosphorus assay in Column
. Chromatography"” . J. Biol. Chem. 234: 466-468.

Bishop, D.G. and Work, E. (1965). "An extracellular
glycolipid produced by Escherichia coli grown
"under 'lysine-limiting conditions". Biochem. J.,
.¢96: 567-576. :

Bligh, E.G. and Dyer, W.J. (1959). "A rapid method of

total lipid extraction and purification®. Can. J.
Biochem. Physiol, 111 911-917.

ski, and ,Carnahan, J. (1964): ’ﬁ

type of -bacterial M enetically controlled .
by the \fertility factor o K-12 and its role
in chrojmosome transfer". ProcCy Natn. Acagde—5ci.,
U.S.A./ 52: 776-783. . '

C., Jr., Gem P.

Brinton; C.C., Jr. (1971): "The propertiéé)of'sex pili,

; the viral nature of 'conjugal' genetic transfer
systems and some possible approaches to the control
of bacterial drug resistance”. C.R.C. Crit. Rev.
Microbidl. 1: 105-160. '

Brodt, P., Leggett, F. and Iyer, R. (1974). "absence of

a pilus receptor for filamentous phage IKe".

Nature, 249: 856-858. .

. Brown, M.R.W. and Wood, S.M. (1972)..( Relation between

' cation and lipid content of ;%%; walls of Pseudomonas -

aeruginosa, Proteus vulgaris d Klebsiella aerogenes’
and their sensitivity to polymyxin B and other
antibacterial agents". J. Pharm. Pharmacol., Z4:
215-218. : ‘ " .o .

ﬁurtdn};A.J: and Cartef,'H;E.‘(1964). "Fatty acids in .
,'.lipopolysaccharide of' E. coli". Biochemistry 3: 411.,

Caf%oil, K.K. (1561). '“Quaﬁtitative estimation of peak
areas in gas-liquid chromatography". .Nature, 191::
377-78.- . " EN .

- . . . 4

Chaﬁg. C.Y., and Tsang, J.C. (1972) .  "Lipid content of

- . . +

a



B T R

P e e — e e e e i T e B P S e AR S =S

_J
' N

antibiotic resistant and sensitive strains of : :
serratia marcescens”. Appl. Microbiol., 24: 972-976.

Chopra, 1. and Eccles, S.J. (1977). npetracycline
resistance—in Escherichia, coli Kl2 is not associated
with a decrease in cyclo page fatty acid content®.
J. Gen. Microbial., 103: 393-396.

+
.

., Jr. (1968). "Phospholipid alterations
growth of Escherichia copi”.  J- Bacteriol.,
054-2061. .

Cronan, J,E. and Vagelos, P.R. (1972). "Metabolism a
function of the membrane phospholipids of Escherichia
coli" .. Biochim, Biophys. Acta; 265: 25-60.

Damoglou, A.P..and Dawes,.E.A. (1968). "Studiesabnlthe
lipid content and, phosphate requirement of glucose

. and acetate grv Escherichia coli”. Biochem.” J..,
. 110: 775. ]

DeSiervo, A.J. (1969).. »al'terations 'in the phospholipid
composition of Escherichia coli B during growth at

différent temperatures". J. Bacteriol., 100: 1342-1349.

thtmer, J.D. and R.L. Lester (1564). vp simple specific
spray reagent for the detection of phospho}lipids on
thin-layer chromatograms”. J. Lipid Res. A: 126.-

punnick, J.K. and O'Leary, W.M. (1970) .__“"Correlation of
bacterial lipid compositiofh with antibiotic resis-—
tance"”. J. Bacteriol. 101: 892-900. ’

Falkow, S. (lQﬁSf;‘ »infectious multiple drug resistance”.
pion Limited, London- (U.K.)}. . ’ .

Haest, C.W}M., De Gier, J. and VanDeenen, L.L:i.M. {1969).
nChanges in the chemical and the barrier propgrties

* of the membrane lipjds of E. coli by variation of 4
the temperature O growth" .. Chem. Phys. Lipids, 3:

.. 413-417.
. f' Hawrot, E., Kennedy, E.P. (1975) . nBiogenesis of membrane
. lipids: mutants of Escherichia coli with temperture-
sensitive phosphatidylserine'decarBoxylaseW.- Proc.
v Natl- Acad.- SCil U.s-Alo 72: 1112_16- -

Hechemy, K.-'and Goldfine, H. (1971), "Isolation and

[ - charqcterization of a,temperatu;efsensitive mutant
of Escherichia coli with a lesiom in fhe acylation

‘ of~lysopﬁosphatidlc acid". Biochem. Biophys. Res.

. - Commun. , 42: 245. :

v

Sﬁ HehdlerrJR:W,,'BquQSS, A.B. and Scharff} R. (1970). A
: "Regpiration and protein gynthesis. in Escherichia coli‘ |
' . Y Tt ) ;25 T
. .- [ + .



-

73
/
‘hrane-envelope fragments. “II. Effects of fatty
. cids and albumin on respiration®. J. Cell. Biol.,
. ' T 44: 376-384. --f

-

'Hilderbrand, J. and Law, J.H. (1964). "Fatty acid distri-
bution in bacterial phospholipids. The specificity
of the cyclopropane synthetase reaction®™. Bioche-
mistry, 3: 1304-1308. ) -

Hill, M.J., James, A.M. and Maxted, W.R. (1963). "Some
physical investigations of the behaviour of bacterial
surfaces. The occurrences of lipid in the Strepto-
coccus cell wall". Biochim. Biophys. Acta, 75:
414-424. ' _ : ’

Hugo, W.B. and Stretton, R.J. (1966) . "Effect of cellular
1ipid on the sensitivity of some Gram-positive
. bacteria to.penicillins". Nature (London) , 209: 940.

Hugo, W.B. and Franklin, I. (l§f§). "mthe influence of
‘" cellular lipid on the resistance of microorganism to
~ antibacterial agents”. In Abstracts of papers v
‘ presented at the 9th International Congress for
Microbiology, Moscow. No. A2/10, p. 21. ' ‘
\_f// Iyer, R. (1977). n"pjasmid mediated alterations in compo-
. " "gition and structure of envelopes of Escherichia coli
) B/r". Biochim. Biophys. Aeta, 470: 258-272. )

Iyer, R., Darby, V. and Holland, I.B. (1978). "Alterations
' : ) in the outer membrane proteins of Escherichia  coli

B/r ‘associated with the presence of the R .plasmid
rRM98". FEBS LETTERS, 85: 127-132.

. ‘ v ‘
Kanemasa, Y., Akamatsu, Y. and Nojima, S. (1967). " Compo-
sition and turnover of the phospholipids in Escherichia
coli". Biochim. Biophys. Acta, 144: 382-390.

Raneshiro, T. and Marr, A.G. (1962). "Phospholipis of
Azotobacter agilis, Agrobacterium tumefaciens, and
Escherichia coli". J. Lipid Res., 3: 184-189.

Kanfer, J. and KRennedy, E.P. (1963). "Metabolism and

' function of bacterial lipids I. Metabolism of phos-
pholipids in Escherichia coli".  J. Biol. Chem.,
238: 2919-2922.

0N

\

Karkas, J.D., Turler, H. and Chargaff, E. (1965). - "Studies

on ‘the specifications of accessory biochemical .
characters, as exemplified by the fatty acid“patterns
rious strains of Escherichia colis Biochim.
hys. Acta, 111:J96-109. :

;) (1964). "Techniques of lipidology". -lst Edn.

N

- . '. s “ ) '
v . -

W
1



o

74

w

North-Holland Publishing Co., Amsterdam.

,

Khatoon, H., Iyer, R.V. and Iyer, V.N. (1972). "A new
filamentous bacteriophage with sex factor specificity®.
Virology, 48: 145._

Kito, M., Aibara, S., Kato, M. and Hata, T. (1972),
"Difference in fatty acid composition among phospha~
tidylethanolamine, phosphatidylglycerol and cardiolipin
of Escherichia coli".. Biochim. Biophys. Acta, 260:
475-478. :

Knivett, V.A. and Cullen, J. (1965). "Some factors affecting

cyclopropanegépld formation in Escherichia coli”
Biochenm. 771-776. .

Koplow, g[’:;E Howard Goldfine (1974). "Alterations in the
outdr membrane of the cell envelope of heptose-deficient
mutants of Escherichia coli."™ J. Bacteriol. 117:
527-543. '

1

Law, J.H. (1961). "Lipids of Escherichia coli". Bacterio-

logical Proc., 61l: 129,

Law, J.H., Zalkin, H. and Kaneshiro,.T. (1963). "Trans-
- methylation reactions in bacterial llplds" Biochim.
Blophys. Acta, 70:,143-151.
Lennarz, W« (1867). "Lipid metabolism in the bacteria”

Legakis, N.J., Protopappas, N.P.,.Leonardopoulos, J.G. and
Papavassiliou, J.T. (1977).” "Lipid composition of
Escherichia coli in relatjon to resistance to
penicillin", Can. J. Microbiol. 24: 245-253.

Levy, S.B.. and McMurray, L. (1974). "Detection of an
inducible membrane protein associated with R-factor-
mediated tetracycline resistance™. Biochem. Biophys.
Res, “Commun. 56: 1060-1068.

Mackenzie, C.R. and Jordan, D.C. (1970f. "Cell wall
Pphospholipid viomycin resistance in Rhizobium meli-
loti". -Biochem. Biophys. Res. Commun. 40: 1008~1012.

Mcéarrity, James, T. and Armséfong, John, B. (1975). "The

eff;g;\§§ Salt on phosphdlipid fatty acid comp651t10n.
in Escherichia c011 K-12 Biochim. Biophys. Acta.
.398;: 258-264. :

N ' -—

Marr, A.G.-and Ingraham, J.L. (1962). "Effect of te perh—

ture on the composition. of fatty acjde in Escherichia
coli®. J.‘'Bacteriol.;, 84: 1260. .




75

. . < o
‘Miura, T. and Mizushima, S. (1968). "geparation by density
_gradient centrifygation of two types of membranes from
spheroplast membrane of. Escherichia coli Kl2". °~

Biochim.Biophys. Acta., 150: 4159-161.

1

. ' - -9 .
Nichols, B.W. (1964). "New Biochemical Sepa:;tions“.-
;van Nostrand, Princeton, N.J. p. 321. "

Y

Manniny, P.A., Pugsley, A.P., and Reeves, P. (1977).
"pefective growth functions in mutants of Escherichia
coli K12 lacking a major outer membrane protein®.

. J. Mol. Biol. 116: 285-300 o

Norrington, F.E. and James, A§::4— 70) . "The cell wall

lipids of cells tetracycline-se itive and tetracycline-

resistant str&ins of Streptococcu pyogenes” . Biochim.

‘Novick, R.P., Clowes, R.C., Cohen, S.N., Curtiss, R.; Datta
N. and Falkow, S. (1976) . Nomenclature of Bacterial
plasmids: a proposal. Bacteriol. Rev., 40: 16§-189.‘

¥
Ohta, A.y OkonogIT\g., Shibuya, I., and Maruo, B. (1974).
nrsolation of Escherichia coli mutants with tempe-
‘rature-sensitive formation of phosphatidyl ethano-
- lamine". J. Gen. Appl. Microbiol. 20:° 21-32.

0'Leary, W.M. (1967). "The chemistry and metabolism of
microbial }ipids“.r The .World Publishing Co., New York.

orskov, I. and Orskov, F. (19605. "an antigen f+

occurring in F+ E. coli strains". Acta Pathol.
Microbiol. Scand., 48: 37. ' '

Peypoux, F. and Micheél, G. (1970). "phospholipids from a

temperature-sensi fve mutant and wild-type parent of

. Escherichia coli". Biochim. Biophys. Acta.. 218: E
., 453-463. ' N : {

pluschke, G., Higjota, Y. and Overath, P. (I 8). "Function
of phospholipids in Escherichia_coli. aracterization’

of a mutant deficient in cardiolipin synthesis®. J.
Biol. Chem. 253: 5048-5055. . :

Raetz, C.R.H. (1975) . '“Iéolation of Escherichla coli

[ 4 mutants defective in enzymes of membrane ljipid.
synthesis". Proc,. atl. Acad. Sci\, U.S.A\ 72: '
2274=79. - : - .

« "The
acteria

Rrandle, C.L., Albro, P.W. and Dittmer, J.C. (1969
. phosphoglyceride c osition of gram-negative
N and the changes il?mposi_tion during growth®.
C?) Biochim. Biophyg. Acta, 187: 214-220.
- . (. ‘ ' e R




7% ) N

Ringrose, P.S. and Higgins, J.E. (1974). "The inter- «
relationship of tetracycline resistance, decynoyl-N-
_acétyl cysteamine and membrane fatty acid composition
in Escherichia coli". J. Antibiot., 27:°833-837. 7

Scheuerbrandty G. and Bloch, K. (1962). ‘"Unsaturated fatty
acids in microorganisms". J. Biol. Chem., 237: 2064-2068.

Schnaitman, C.A. (1970). "Protein composition of the cell
wall and cytoplasmic .membrane of Escherichia coli”.
J. Bacteriol., 104: 890-591.

-

-

Shaw, M.K. and Ingraham, J.L. (1965}. "Fatty acid compo-
sition of Escherichia coli as a possible controlling
factor of the minimal growth temperature®. J.
Bacteriol., 90: 141-146. '

-

S aﬁ; N. (1968). "The detection of lipids on tht ayer
: chromatograms with the periodate-Schiff .reagents.
Biochim. Biophys. Acta 164: 435-436.

Silbert, D.F., Ruch, F. and Vagelos, P.R. . (1968). "F4tty
acid replacement in a fatty acid auxotroph of
Escherichia coli". J. Bacteriol., 95: 1658-1665.

v ! Y . . .

Silbert, D.F. (1970). "Arrangement of fatty acyl groups
in phosphatidyl ethanolamine from a fatty acid auxo-
troph of Escherichia c¢coli”. Biochemistry, 9: 3631-3640.

Sinesky, M. {(1971). "Temperature control of phosphblipid
biosynthesis in Escherichia coli". J. Bacteriol.,
106: 449. - .

¥

smit, J., Yoshiyuki Kamio and Hiroshi Nikaido (1975).
"Outer membrane of Salmonella typhimurium: Chemical
analysis and freeze-fracture studies with lipapoly-

_.saccharide mutants".. J. Bacteriol. 124: 942-958.

Starka, J. and Moravova, J. (1970). "Phospholipids and

cellular division of Escherichia coli". J. Gen.

'Suling, W.J. and O'Leary, W.M. (1977). "Lipids of
antibiotic-resistant and susceptible members of the
Enterobacteriaceae”. Can., J. Microbiol., 23: 1045-1051.

Parlov, A.R. and Kennedyys E.P. { 965).' "ghe -glactose
permease system a the metabolism of phospholipids
in Escherichia cgli". J. Biol. Chem., 240: 49-53.

Taylor, A., Knox, KZ;. and, Work, E. (1966). "Chemical-and

" biological properties of an extracellular lipopoly-
saccharide from Escherichia-coli grown under lysine-
limiting conditions®. Biochem. J., 99: 53-61.

.
X 4 ) . Y. i . /
) . . . . . i . .

4



77

Taylor, F., apd Cronan, Jr., J.W. (1976)}. 'Selection and
properties of Escherichia coli mutdnts defective in
the synthesis of Cyclopropane fat acids.

J. Bacteriol. 125: 518-523.

Vaczi, L., Szita, J. and Cieleszky (1957). "The role of
- 'lipids in induced Chloramphenicol resistance of.
bacteria" Acta Microbiol. 4: 437-445.

Van Goide, L.M.G. and VanDeenen, L.L.M. (1967). "Molecular
Species of Extracellular Phosphatidyl ethanolamine from
Escherlchla énli.f Chem. Phys. Lipids, 1: 157.

Wagner, H., L, Horhammer and Wolff (1961) “Ninhydrin
Spray". Biochem. Z., 334: 175.

White, D.A., Lennarz, W.J. and Schnaitman, C.A. (1972).
"Distribution of lipids in the wall and cytoplasmic
membrane subfractions of the cell envelopes of
Escherichia coli". J. Bacteriol. 109: 686-690.

Winshell, E.B. and Neu, H.C. (1974). "Relation of gell
wall lipid content of Serretia marcescens to resistance

to antimicrobial agents" Antimicrob. Agents Chemother.
6: 73-75. .

LY

Wojdani, A., Avtalion, R.R. and Sompolinsky, D. (1976).
"Isolation and characterization of tetracycline
resistance protelns from, .Staphylococcus "aureus and
Escherichia coli” Antimicrob. Agents and Chemotherr
9: 526—534.

Yang, H.L., Zubay, G. and Levy, S.B. (1976). "Synthesis
of an R plasmid protein associated with tetracyclihe _
resistance is negat1ve1y regulated". Proc. Natl. s
Acad. Sci, U.S.A. 73: 1509-1512. "
.Y. Rostetsky (1968). '"MOdlfled‘
etection of phospholipids on thln-layer
. Llﬂﬁd Res. 9: 396.

Vaskovsky, V.E. and
spray for- the






