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Abstract Summary:

This study ic designed to investigate drug resistant and sensitive
strains of V. Cholerae. An exiensive sub cellular level Btﬁdy of resis-
tant and sensitive strains is expected to’contri‘mlte towards immunological
research and vaccine development. Study of cell components of two dif-

ferent types of strains might suggest some correlation of bacterial resis—
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baree vt callular conpensuts and might nrovide avidences of chaoges
brought about by drugs. The LnveStigations would be done mainly on the
tasis of domparative biochuninal .onlysis of sensitive and resistant
strains, A}l strains chosen for this stusty telong to the same bio- and
serotype i.c. Bl Tor, Inaba. The criteria for choosing the resistant
strains are (a) In vitro resistance - regiatancs transfered to sensitive
cells from registant cellzs of the same species {by transferring R. factor

.

from resistant strains of V. cholerse ti sensitive strains of V. cholesrag)

or from different species, e.g. Trom antibiotic resistant E. Coli %o
sensitive V. cholerae in the laboratory, (b) In vivo resistance — resistant
strains obtained from petients reported in the ICDDR,B Hospitals. Strains
ch#sen were either resistant to maximam pumber of commonly used antibioiics
or sensitive to all of these mutibiotics. All the strains would be grown
maintuining identical cultural condiiions. Culture supernztants would be
tested for toxin by the existing methods. Different cell components e.g.
proteins, lipids, carbohydrates, 1iwsned veaccharides would be extracted
from Lthe freeze dried cells or membranes by the established methods of
extractions. Preliminary quantitative analysis of all these cell or

memb =3 * components would be done by following standard methods for the
wquantitative determinations of bacterial cell or membrane components.
Farrhar detail qualitative and quantitative analysis of all these com=
ponerss would be done by different chromaiographic méthods, e.L. column;

thin layer, paper, gas Kiquid.
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The objective of this study is to make a comparative investigation of
drug sensitive :nd resigtent sirains of V. Cholerae which might make reas u-
able ccﬁtribution to'immunological researches. A sub cellular level study :
these sensitive and resistant strains would give a better undersianding <
ot a%mponenxs, hence the correlation of cell components with bacteriz! LR
tance..lnformation obtained from the analyses?éell components of resist:
gensitive strains is also expected to add information on sensitive cel’
bécoming resiatant. This investigations mighi also provide some evidence
the function of'hiological membranes, specially of the function of speci
cell envelope lipids. The cell envelope lipids are reported to be corre.
with bacterial resistance. An extensive comparative analyses of lipid o o o»
nents of sensitive and resistant strains has been designed in this study s
analyses is expected to reveal some difference in lipid contents of two 4.
ferent types of strains, specifically a significant increase in glycolipia
content of resistan% strains. A higher content of glycolipid in resis%ant
cell membrane would indicate the possibility of resistant cells being L-To.
of the parent strains. It has been reported in the literature that L~forms
contain higher glycolipid than the parent sirains. These L-forms have also
been reported to be more effective than parent strains for vaccine develsw = .
The ultimate objective of this study would be to achieve a better unde rede. - ‘4
of resistant strains om sub cellular level and hance to contribute on th

development of improved immunogens.
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2. Backgrounds

There are reporss in th: liveravure regarding the causes of evolving resistant
strains, Sone of wirich sugrzested genetic change some stressed on changes in bilow
chemical properties as an attempt to adapt with +he adverse environmenti created
by the presence of antibacterial substances. A correlation of bascterisl lipid
composition with antibiotic resistance has been reported by few workers. Dunnick
and OtLeary (1970) reported consistant quantitative differences between the fatty
acid compositions of sensitive and resistant strains of Gram-negetive bacteria.
Most significant fact shown was the decrease in cyolopropane acids in resistaut
strains as compered with sensitive sirains. In all cades the antibiotid: resistant
(ram-negative orgenisms contained a'higher‘concentration of unsaturated acids and
a lower concentration of cyclopropane acids than was fbunﬂ in the corresponding
sensitive strains, They also reported that the lipids of the resistant strains of
a Cram-positive bacteria (s. aureus ) containéd more lipid than was found in the
gensitive S. aureus strain. This investigation #as explored the correlation of
antibiotic resistance with lipid content and has shown a correlation between fatty
acid content and antibiotic resistance in the Gram-negative bacteria, and between
1ipid content and antibiotic resistance in the Gram-positive bacteria. Hugo and
Stretton {1966) also suggested that cellular lipids may have a role in the resis-
tance of Cram-positive bacieria to penicillin. They also found increased lipid
content in cells resistant to penicillin.Hugo ahd Davidson (1973) also studied
the offect of cell lipid depletion in S. aureus upon iis resistance to antimiosre—
bisl agents. From a comparison of the response of normal and lipid depleted «clle
of S. aureué 1o antimicrébial drugs a correlation of lipid depletion with an in-
creased sensitivity to a number of antibiotics has been suggested. Tetracyclinre
resistance has also been observed attributed to a decreased permeability of thé
drug (Benbough and Morrison, 1967; Franklin and. Godfrey, 1965; Franklin, 190675
Izaki, et al 1966; Laskin and Chan, 1964; Okamoto and Mizuno,1962; Okamoto and

Mizuno, 1964).



G didg amd HLeary {1%77) rsported #hai qu.r.stesive differences
which sorrelatad with anklhiotie repinbasce sxisted among the phoapluse
Yiplis ad veuby seiady cF mAdkIbieeresistant and -gusieptible members
of the Enterobacteriacea, Thoy ohaorved 8 latively higher contentre-
S b dneporditive phospholipid concomitant with & lower amount
of phosphatidylethanolamine (PE) in antivlotic resistant strains of
Soov e g ans. Becterial strains which harbored % factor 222 had
& higher ratio of phosphatidylglycerol (rd) to diphospbatidylglycerol
fmpryy thoa ti . - wespective pavent straing while those stralns which
sepe vesistant to the polymyxin had a lower ratio of these phospholipids.
i frerencsn in Lhe relative amounts of certain unsaturated and cyclo-
propane acids were observed betwesan susceptible and resistant strainas.

C Bpows & tool (31972) aeemined the liplds of polymyxin-resistant strains
of Pgs permgopisa and Klebaiella serpgenes and reported that although
=ha tots.. extractable JAipl was greater in the resistant cells, the
amount of phospholipid in the wall fraction of these cells was lower

than compared with senaltive cells.

In a mutant of Bhizobium melitotd resistant to viomycin was reported
so be accompanied by an sccumulation of phospholipid in the cell eavelope
(Mackenzie and Jordon, 1970}. Norrington and James {1970) observed that
petracycline-resistant strains of gtrep. PyORenes contained up to three-
¢old as much extractable lipid as did sensitive strains. Resistant cells
of Pgs agruginoge grown in presence or absencé of chloranphenicol showed
28 % increagse in tclLal lipid content. Though no qualitative change in
77+ 1 somponent or fatty acids was observed, an increase 1n fatty scid

quantity was observed (Anderes, Saudine and Elliker, 1971).
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Antitiotics and 1ipid metadolizm:

A co-prelation of bacterial resistance o antimicrobial substances
have been reported in the literature. The view that the emergence of drug
o abant bacterial strains as a result of adaption to adverse environment
created with the sxtensive use of sntiblotics is accepteds These suggestions
may indicate some effect of antiblotics on 1lipid metabollem. Many antibio=
tics which affect bacterial cell wall are known to effect 1ipid metabolism
in bacteria to some extent. Starka and Moravova (1970) observed that low
dosea of penicillin which inhibited divieion but permitted f:*ilammt forma-
tion in B. Goli did not influence of total rate of phospholipid fommatlon
but altered the ratio of indlvidual phospholipids to that characteristic
of resting orgenism, The filament ceatéined moxe cardiolipin and less phos~
phetidylglycerol than normal exponentially dividing organisme Simmler and
Barbu (1970) reported changes in the proportions of phosphatidylglycercl
(PG) and cardiolipin (OPG) which occur duying transition from exponentlal
%o stationary phase alsc occur on eddition of penicillin. The latter resulis
in gecreased cellular phosphorylating ability. Molenkemp and Voerkamp (1976}
have reported a conslderable enhancement of fatty acid incorporation in
Bifidobacterium, bifidum, subsp. pennsylvanicus when treated with penicillir
G, D-cycloserine and baciuracire Shocknan (1965) s Miller (1967) have shown
that S. falcelis, B subfilis. B. cercus produce 2 to 3 times thicker cell
walls when treated with chlbramphenisi, Bishop et al (1973) also reported
about scme difference in the lipids of streptomycin sensitive and resistant
bacteris. Bacterial strains resistant to polymyxin contain different ipidas
to that of susceptible strains (Imai, ot al, 1975; Brown et al, 1972; Fow,

1955)s
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Prom these reports in the literature it is evident that amtibiotdcs
effect the Ll somposition of bacteria. A signlficant effect is a tendemcy
of bacterial cells to produce more lipid upon treatment with antibiotics
which can be correlated with a higher lipdd content of rasistant strains.

Lipid changes on conversion to L~form:

There have been several report,al on; the differences in lipld composi-don
of I-forms of bacteria and their parent organisms. According to Cohen ari
Panos (1966) , the ma jor membrane lipid diff‘emncea between S. pyogenses anil
and its derived I-form were qumﬁd.t.at.ive rather than qualitative. The L-fovrw
membrans contained more total lipid {35.6 %) than the protoplast membrans
(15.3 $). The giycolipid content of L-form membranes was 22 .3 whic.h wasg
markedly gr%atér than that of protoplast membranes, which was 11 % The
nonpolar 1ipid content of the total lipid extract was 23.4 % for the pro:
7last and 347 # for L-form membranes. Coanvsrsely l-fomm protoplast memire © .
%he phosphorus content of protoplast membrane lipld was 1.49 % which wa:
almost two—fold to that of L-form membrane lipids (0,65 #)e The L-form x
brane fatty acid content was 57 % greater than protoplast membranes (Pan: ..
ot a1, 1966).cis-vaccenic acid was the predominating monosthanoid fatty az.
of protoplast lipids but in the lipids of Ipférm membranes oleic acid wiizcl.
is an isomer of cisevaccenic acid prevails. According to an earlier repcit
by the same azuthars, conversion to0 the L-form resulted in a concomltent:
ghift in its octadecanoic acid content, The average oleic acid content of
of Leform membrane lipid fraction (26 %) was found to be more than twice % -
of the protoplast fractions (9.7 #). The Cj¢ monolefinic fatty aeld of tu
I-form frection were approximately a quarter that of a similar fractions
from the protoplast. They muggested that both these fatty acld changes anc.
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the inereased gilycolipid in the w~forms might be a consaquence of its
inability to synthesize a rigid cell wall. Similarly, the increased total
lipid content found in L-form may alac reflect a compsnsation for the lack

of a rigid cell wall, These authors have previcusly reported (Panos et al,
1966) that the protein content of l~form (5¢ %)and proteplast membranes {68 %)
was similar, which suggests that during conversion to I~form major changes
are predominan’.'y associated with lipid synthesls.

A study on the chemical composition of membranes of protoplasts I-forms
of Se surgus-(Ward and Perkins, 1968) also showd similar difference. Proto-
';':slast membranes were found to contein 22-25 % of lipid, whereas the L-form
membranes contained 25-36 %. In ﬁoth the bfoﬁns they studied, derivad from
5. aureus 100 the amount of membrane glycolipid was about double that of
protoplast membrane glycolipid and phospholizdd contont was 14 $ (Ly) and 23 %
(Lyo) lower. L-forms of Seaugaug H contained thres times the amount of glyco-
lipid present in pmtoplaatl pembrenss. The major phospholipids of the pmtﬁ-
plast membranes were phosphatidy glycerol and some lipoemino acida, but in
I~form membranes the ch:ief phospholipid found was diphosphatidylglycerol,
which indicates a qualitalive change in lipdd composition due to conversicn i
L-forms. -

A characteristic featurs of the organiem lacking a rigid cell wall
(eeg. Mycoplagma lgidlawii)is an enhanced total lipid content and also a
proportionately higher concentration of glycolipid content. ¥ycoplagma laidis s
contain appreciable quantities of glycolipid and its total lipld content is
higher than the orgsnisms possessing & rigid csll wall. A compariaon of the it
compoaitiona of L~forms and their parent organises ¢learly showa thet on conr

wopalon to l-form increass in total 1ipid content with an increasge in their

Contde.
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glycolipid content takes place. Some L-forms of streptococei (Woxd ot o
1958; Rolls et al, 1965} and staphyloccocci (Williams 1963; Molender, 2%
1964} were cbserved considerably were resistant io bacitracin than tae
pares crganiem. Resiatance fo antibio®ics might be a result of higher

lipid content of *he L-form (Dunnick and O'lLeary, 1970},

an

Drug sensitive hacterial sirains including faecal sireptococci =i
higher iipid content when grown in presence of antibictics. Maximun
im lipid content boin in whole cells and in igolated cytoplasmic men:
was observed when trested with cell wall inhibitors, specially penir.
and its other deriva*tives. initiation of I~forms by cell wall inkin, ..
may be the cauwe of higher lipid content as {~formg are reported to u
nigher 1ipid bthan the parent organisms. Quantitative change has also *
observed when treated with protein inhibtitnr, chloramphenicol or wiib
serine, bacitracin, novobLOCLN. Soma gquansitative variations in fatdy
contents were also oberved. All these quantitative variaitions are di:
progp .ional to the smount of sntibiotic present in the media (aputl
work). Higher lipid content of resistant cells and also of sensitiwve
grown in presence of antibiotics may lead to a correlation of bacte: =@

resistance with their lipid content and composition.

3. Rationale:

Evolution of drug resistant strains in the bacterial popuiation aas
been a problem. So & systematic study of resistant and sensitive sioa
justifiable. An extensive comparative biochemical analysis of sensiviv
resistant cells may provide some idea of correlation of cell componsu

resistance. Higher lipid content of resistant cells, as reported in .

Conts.
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literature ms& indicate a}teration of permeability of the cell membrane

which may impart resistance to cells. Lipid is one of the major components

of cell envalope and change in lipid content or composition of cells may
bring about some alteration io other cell componenis, specially cell envalope
components each as protein,_lipopolysaccharides, carbohydraté. So an extensive
investigation on such of theas cell components may be worthwhile, This might
lead to the devélopment of improved, nontoxic immanogens. The presently
available whole cell cholern "ninine 1nz been proved to be unsatisfactory.

So the study of cellunlar components from sensitive and resistant strain of
V.cholera a for the deve10pmenk of better jimmunologen is desirable and justi~
fiable. A successful completion of this study mizh% also provide other
jnformation like function of bioclogical membrane, difference betwsen resistant
and sensitive cell membrane. This might also give some information about
resistant strains being L~forms of parent organisms, which are reported to

be better used for vaccine development. This provides more justification to

the proposed study.

SPECIFIC AIMS

1. To investigate on the causes of drug sensitive strains of V. cholerae and

other bacterial pathogens becoming resistant drugs.
2, To study the cell components of sensitive and resistant cells.
3. To establish a correlation of bacterial cell component with registanse.
4. To compare the cytoplasmic membrane of drug aensitiva and resistant cells.

5. To 1n§eat1gate in details the function of biological membranes and to

provxdn P"“ﬂ“nliu regarding the changes caused by drugs leadxng to resisience.

6. Though no electron microscopic examination of resistant cells have beaxn
planned, a Ligher content of glycol1pid in resistant cell membrane wouléd

indicate the possibility of resistant cells being I~forms. If by further
' Contd.
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investigation it can be confirmed, this L~forms may be considered for
vacoine developuerdt, &t hip boga reported in the literature that L-forms

may better be used for this purpose.

To observe the immune response of cell components from resistant and sen—
s8itive strains.

For this study 10 strains resistant in vivo (isolated from patients
reported at the IC]?DR,IB Hospitals), 10 strains resistant in vitro (strains
obtained by transferring resistant factor from a resistant Y. cholerae
strein to a sensitive V. chulerae strain or from a resistant E, coli to &
sensitive ¥, gholerae strain) and 10 sensitive strainas were selected. On the
aelection of in vitro resistant strains preference would be given to those
resistant strains where resistance has been"bré.naferred from resistant

strains included in this study to the sensiti\}e strains chosen for this work.

All the strains selected for thie study would be grown in & large
volume maintaining identical conditions. Even's medium with 0.2 % glucose
would be used for the growth of all strains included in this atudy. Cultures
would be grown aerobically with a moderate :.cration (40/45 rpn). Fach batich
of culture should contain at least 1.5 litre. ;po ml culture would be grown
in 500 ml flask. All media aﬁoulct be inoculated from the same pure overnmight
grown inooculum. Cells would be harvested afs the stationary phase of growth
(i.e. after 18 hre of incubation). Temperature Yo be maintained for growth
is 37°c. Colls at stationary phase would be spimed down with a ‘Sorvell
superapeed centrifuge at 12,000 :rpm for 30 minutes at 4 C. Harveated cells
should be washed to remove media oontamma.nts first with normal saline and
then with adequate quantity of digtilled water., Colle would be freeze dried
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for biochemical analysis. A duplicate culture of sach strain would be

grown and analyse identically for more confirmetory results. Culture
superatant would be sterilized through milipore filter (0.45 um) and
tested for toxin by the standard existing methods, Freeze dried oells

would be divided into portions depending on the di;t’fer?n_t gquantities of

the oell components within the cell. Approximately % of the dry cells would
be used for the preparation of membranes as the yield of dry purified

membrane is supposed to be 25 % of the whole dry cell.

Proparation of membranes

-

V. cholerag is a Cram-negative organism and the cell emnvalope of
this ofganism is atmdturail’y complex compared to the Gram~positives. The
cell snvalope of this h;cterium is composed of three distinot layers: the
outer membrane, the i_mier or oylopdasmic membrane and the peptidoglycan.
The outer membrane contains phospholipids, proteins and lipopolysacoharides.
In many Gram-pegetive bacteria a major protein called lipoprotein is present
in both bound and gree form. Recent findings by Oeyer et al (1979) has sug—
gested that some of the outer membrane proteins of Gram-negative baoteria
possess antigenic properties by their presence on cell surface. They have '
isolated a LPS binding cell surface protein from Sal Minnesota which cross
readted with several enteric strains such as Sal typhimurium, E. coli end
Shigella, The relative amounts of these components depend §n g::owth ‘conditions.
For the proparation of outer membranes from V. cholerag cells ';the harvested
cell pallet hes to be suspended in 0.1 M Trie-HCL pH 7.8 (25 ml ehould be
used for the quantity of cells obtained from 250 ml of oulturer). The suspun-

‘ | ' Contd.
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gion would then be sheared at 4°C in a Waring blender (19,000 rev/hin,

45 sec) to remove flegella. The suspension would then be diluted sixfold

in the Tris-~buffer and centrifuged at 12,000%g for 10 min. The cell peliet

would be resuspended in cold 0.75 M sucrose-i0nM Tris-8C1, pH 7.8 (0.7 ml
sucrose solution per 10 A600 units of original culture). The suspension
would then be transferred to an Erlenmeyer flask containing lysozyme

2 mg/ml of H,0, 0.05 ml/ml of cell suspension) and the mixture incubated

in ice for 2 mirnutes. The suspension would be diluted with 2 volumes of

cold EDTA (1.5 mM) and kept at 4°C for '3 hi, The spheroplast would be lysed

by the osmotic shock by slowly pouring the suspension into 4 volumes of
cold water with magnetic stirring and will be stirred for 10 min. in the
cold, The total membrane fraction would be reqovered from the osmatic
lysate first by ceatrifugation at 12,000Xg for 15 min. at 2 to 4°C to
remove the unlysed cells and later by centrifuging the supernatant at
48,000Xg for 30 min. The pellet would be resuspended into 0.01 M Tris-
HC1 (pH 7.8) containing 10 mM EDTA by a syringe and to be washed once
with Tris~HCL (0,01 M), pH 7.8 containing 5 mdf MgCly. The inner membrane
would be dissolved from the total membrane by extraction at 0°C for 20
min, with 2 % triton.X-100 containing 5 mM EDTA described for E. coli by

Schnaitman (1971). The outer membrane would be recovered as a pellet.
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’ Analyses of cell or membrane components

Lipids Lipids are a group of naturally occuring substances characterized by

their insolubility in water and their solubiliiy in organic or fat solvenis
such as ether, chloroform, boiling alcohel and benzene. Though individual
members of this group show large individual variations in solubllity as a
class the lipids are readily distingulshable from other major groups of
paturally occuring compounds = carbohydrates snd proteins, They are limited
to aubstances which are utilizable by the animal organism. l1ipids in mi::.:m-
organisms are mostly assoclated with cell wall and membrane structures.
1ipids of Grém-poeit.ive bacteria are essentially membrane lipids (Weibult,
1957; Salton, 1960; Kolb et al, 1963), whereas Gram-negative organismns
contain in addition lipids associated with.the cell wall. Lipids may broadly
be divided into two main classes, simple and complex lipids. Simple lipids
are generally fatty acid esters of glycerol and include monoglycerides.
dlglycerides and triglycerides, compounds that differ in the number (132

of long chain fatty scld regidues prosent.. Complex lipdds are polar phos—
phorylated compounds that include lecithin, phosphatidic acida, phoaphat.im.z.

Sﬂrim etc.

The lipids common in bacteria are amphiphatic molecules, consisting
of a polar and an apolar region and are ususlly derivatives of diacylglycsrol
in which long chain fatty acids are esterified to carbon atoms 1 and 2 of
glycerol, The polar group Abnked to carbon atom 3 of glycerol may be phos-
phate ester phoapholipid,' or a carbohydrate derivative glycolipid.

Contd.
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Lipids present in bacteria usually represent at least 3~5 % of dry
cell weight but it can be much higher than that in some cases (Shaw, 1970).
A noticeable difference in lipid content is found between cell walls isolated
from Cram-positive bacteria and Gram-negative bacteria. Gram—positive orga~
nisms have very little extractable lipid in their walls (Salton, 1960) with
the exception of the mycobacteria which have as much as 60 % of the dry

weight of the wall composed as wax, phosphatides and other bound lipids.

Lipids present V. cholerse 569B: The phospholipids that were identified

as estimated in V. cholerae 569B (Inaba) were phosphatidylethanolamine,

(PE), phosphatidylglycerocl, lyso-phosphatidylethanolamine, phosphatidylserine
and cardiolipin. Thin layer chromatography of the neutral lipid fraction
showed the presence of free fatty acids only. The fatty=-acid composition

of whole cell extractable lipid, neutral lipid and phospholipid showed the

and C fatty

presence of Cyp o1 Caaior Ci550t C16:01 1641 17000 C18:0 1811
acidss cyclopropane and hydroxy acids were absent from free lipids of V.
cholerag; although hydroxy acids are present in lipopolysaccharide and
1ipid A (Raziuddin, 1976).

Extraction of lipids from bacterias

Dehydrating agents (ethanol, acetone,

methanol) rupture lipid-protein linkages but since lipids may not be

e
¥

entirely soluble in these solvenfs, a non-polar solvent such as petroleum
ether chloroform or diethylether is also included in solvent mixtures for

extracting lipids from biological material.

Hoist cells may be extracted directly with lipid solvents but it is
wore convenient to extract freeze dried bacteria. Extractions are msually

Contd.
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carried out at room temperature simply by stirring the bacteria repeatedly
with a large excess (Ca 30:1) of solvent and removing the defatted cells

by filtration. It is possible to fractionate lipids by extracting bacteria
with solvents of different polarity but in such cases considerable overlap-
ping of fractions may occur. It is more useful to extract with a solvent
thet will extract all free lipids e.g. chloroform-methanol 211 (Folch et

al, 1957) or butanol. So called bound lipids (e.g. lipopolysaccharides)

require treatment with mild acids (e.g. phenol) for their liberation,

Solutions of lipids in orgenic solvents should be concentrated under
reduced pressure at the lowest possible convenient température.(<37°) and

the resulting lipids stored at low temperature.

Extraction of lipid from differemt strains of V.choleraes
‘ ' Lipids were

extracted by the modified Bligh and Dyer (1959) proceduse described by
Rizza, Thkoer and White (1970). A suspension of bacteria (approximately

25 mg dry weight) in 50 mM-sodium phosphate buffer, pH 7.6 (50 ml), shakexn
vigorously and allowed to stand overnight. Chloroform (50 ml) and 50 mi ot
1.0 ¥M-XC1L solution containing 0.4 % (V/V) glacial acetic acid were then
added and the mixture shaken. After several hours, the mixture separated
into two phases: the lower layer, containing‘the lipid was filtered

through a Whatman No. 12 filter paper.
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Column Chromatographyt

For the purification of crude lipid and to separate their components

column chromatogzraphy would be performed.

Silicic acid column chromatography:

A slurry of silica gel (wt. of lipidx100) in chloroform is pumred
into glass column {1-2 em. int. dia) fill with CHC14 and sealed at the
bottom with cotton or glass wool and a layer of sand after the gel has
settled a layer of sand is placed on top., The lipid sample is applied to
the column in the minimum amount of chloroform and washed on with two
further small portions of this solvent. A 'li.pid ingoluble in chloroform
should be dissclved in CHCIB-MeOH 2:1, acid—washed celite (545) added, the
suspension evaporated to dryness and the lipid, adsorbed on the celite,
placed on the column as a slurry in chloroform. The column is then eluted

essentially according to Vorbeck and Marinettii—

Chloroform 2x100 ml neutral lipid

Chloroform—acetone 131 2x100 ml
glycolipids
Acetone 4x100 ml

iy v P 4N -
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GChloroform-methancl 98:2 1x100 ml1 i
Chloroforn-methanol 9:1 1x100 ml g Phospholipida
Chlorofomr-methanol 1:1 1x100 m1 |}

Hethanol 2:100 ml

Chlorofors=acetone mixtures should be prepared well in advance

mg these zolvents have a considerable heat of mixing. For the same
reason the changes of eluants containing chloroform and acetone should
not be pharp. A convenlent procedure is to use & solvent reservoir at
least twice as largs as esch batch of eluant being added and to keep
this ressrvoir replenished; by thia means mixing cccurs 1n the reser—
voir and the colusn is not broken up by heat of solvent iixing. Such
heat generatsd would also have the effect of causing ﬁmmre desorption

of adsorbed lipid components.

Fractions may be collected on a fraction collector or mors

simply in measuring sylinders. Bach fraction should be evaporated
under reduced pressure, transferred in the minisum smount of chlorofwrs
of chloroformmethanol {2:1) to tared 25 or 50 ml. conical flasks, the
solveat evaporated and the lipid weigheds. Thin layer chromatography of
the separated fractions en & 20x20 cm. analytical plate enables combi~
nation of fractions having essentially the same composition. Fractions
may also be investigated for phosphate hexoses ete.

Neutral lipids may be also fractionated on silicic acid (Marinettl
p.' 207) and the use of slumina (p. 221) should also be noted. Eluants
are usually sixtures of petroleum ether and acetone. Argentation chro-

matography may be successfully employed oo sllicic acid columns. If a

Contds.
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1ipid mixture is adsorbed on celite and Intrednced ag a slasTy in

petrol (in which the free lipid is insoluble) onto a silielc acid colus:
and elution continued with petrol-acetone mixtures untll pure acetons i-
reached (and then continuing as for pelar lipdd mixtures) it is possinle
to fractionate neutral and polar lipids in a single expesiment Dhebhyls~
minoethyl (DBAE) cellulose column chromatograph. lipid classess are sapa-
rated by DBAE column chromatogrephy by ion exchange and by differencs in
polarity provided by nen-ionic groups, principally hydroxyl groups
(Marinetti p. 120. Lowenstein P, 272)e Lipids may for the purposes of
discussion be divided into thrae groups, nonionic, ;onic nonacidic ana
acidic. Nonionic lipids are esluted with chloroform containing small
amounts of ma%.h.mol.(B-BO %). All nonionic (e.g. neutral lipids, glycs-
ii.pids) and iopic nonacedic (e.g. phosphatidylethanolamine, PE) lipids
are oluted with methanol, whereas acidic lipida (e.g. phosphatidylgie-
cerol, PG) are not. Acldic lipids may be eluted and fractionated by
incorporating increasing emounts of salt (e.g. ammonium acstate) in
methanol as eluant. DBAE column chromatography therefore, has unigue
characteristics which make i differsnt from silicic acid 1a which
overlap of acidic and nonacidic 1lipid fractions occurs and is theroiors:
a very useful altersative medium for the ‘i‘ract.iomt.ibn of lipids espe
cially when large quantities of polar giycolipids are present.

Contd.
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(a) Quantitative analysis
(i) Carbohydrate determination:

Lipid solutions of known concentration were prepared in chlorofurm,
methanol (131, V/V). Aliquotes would be removed for hexose determini.
by phenole-sulphuric acid reaction descfibed by Dubois, et al (1936},
This is a general method for determination of pentoses, hexoses ani

deoxy aldoses and their derivatives,
(ii) Phosphorus determinations

Total phosphate
Total phosphate content of the lipid samples would be determing-

by the modified method of &hen, Toribare and Warner (1956).

Inorganic phosphate

Samples containing 1-5 mg of phosphorus are adjusted to 4 ml wi-
water, 4 ml colour reagent is added and the mixtures are incubated - -
37°¢ . for 1.5 %o 2 hrs. The solutions are cooled to room temperature .-
the extinctions read at 820 nm against a reagent blank. Compare with

known concentration of inorganic phosphate similarly treated,

(b) Qualitative analysist

(i) Deacylation = A sample of lipid was dissolved in a mixture o2
chloroform/methanol (1:1, y/V) and then treated with sodium methoxide
in methanol {0.2§, 0.5 ml). The resulting solution was kept at room
temperature for Q.5 hr. and then equal volumes of water and chloroiorm

(5 mls 5 ml) were added. The upper aqueous layer was separated and thuen
Contd.
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passed through a short columa i Jowex 50 resin (8% form). The elute was
aveporated to dryness and inrestigated by paper cheomatography. The chlorofnim
layer was dried over anhydrons sodium sulphate and the solution of fatty acid

methyl esters analysed by CGLC.

(ii) Acid hydrolysis — A small quantity of lipid was hydrolysed at T
in 2N HC1 in a sealed tube for 2 hrs. The hydrolysates was dried in vacuc
over KOH, the residue dissolved in the minimum quantity of water and analyim .

by paper chromatography.

Chroma%ography:

(i) Thin layer chromatography = Thin layer chromatography {te1eCe) o
an extremely sensitive ard rapid technique forAthe analysis of a wide var =
of organic compounds. Moreover, it may also be adapted for preparative wos s
(p.lec.) and under suitable conditions upwards of 100 mg of malerial maj
rapidly purified. The support most widely used is silicic acid. For deta:.
and extensive analysis of lipid samples obtained from whole cells and me.

both one and two dimensional chromatographic analysis is desirable.
20X20 and 5X20 cm glass plates with a layer (0.4 mm) of gilicic acid-
Kieselgel G (Merck) are used for analysis (Marinetti, 1967).

Solvents CHCl 3MeOH:H20 is an excellent solvent for general use. This

65 ° 25 °4
neutral solvent system would be used throughout for one dimensional thin
layer chromatographic analysis of lipid samples. Acidic and basic modificar il

of this system are also useful:
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i) CHCl3sMeOH;HGAc;H20
65 25 8 4

ii) CHCL
12

tMe(QH: TN NH ,OH

3 T 4 4

Solvents with a high concentration of acetone are useful for separating
glycolipids e.g, acetone:HQAc:Hzo 10032:9 which leaves phospholipids on
the base line. For complex mixtures, two—dimensional thin layer chroma-
tography may be advantageous (Marinetti — p. 145). For two dimensional

thin layer chromatographic analysis (Minnikin and Abdolrahimzadeh, 1971)

plates should be developed ithhe neutral system followed by the acidic

system., Two~dimensional techniques are useful analytically (Marinetti

p. 145); a system developed specifically for investigations of bacterial

lipids has been described. This procedure.ufilises plates prepared from

a slurry of 40 g silica gel H (preferred to PFé54) in 100 ml 0.2 % aqueous
sodium acetate and dried at 70° overnight. The solvent for the firsi detsution
of development is CHCI3 ~ MeOH - H,0 (6512534) and for the second directicn

is CHCl, - MeOH:HOBcsH,O (65325:814). The plate should be allowed to dry

2

for 1 hr. at room temperature between developments. In an attempt to

 observe visually any quantitative changes in lipid samples obtained from

different strains, spod® of approximately identical concentration should

be used.

Detections

Two non-specific reagents are widely used:
i) Universal reagents {Lowenstein p. 542) plates spotied with lipid
samples and run in tanks containing lipid solvent can be sprayed with 50 %

Contd.
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“2304' £0llowad by heating., Black spnts of charred orgenic material

provides a preliminary detection.

11) Exposure to Lledine vapour gives brown spota. Iodine vapour
w1l nomplex with lipids and glve browm spois oa a pale background.

Specific reagents :

1) Winhydrin reagents — 0.2 g ninhydrin and 1 al glacial acetic
aold in 100 ml of water saturated butanol. Spray paper and heat at 100°
for 5 minutes to develop spots which appear purple or brown. Detects
free amino=-groups; €. g phosphstidylethanolamine, lipo-aning scid estors.

13) Molybdenmm blue for phosphates‘(ﬂmes/szxemod is not suitabl-

for phospholipids =

Solution A ¢ Boll 40.11 g of MeO3 in 1 litre of 25K Hy50, until
diasolved.

Selution B : Boil gently 1.5 g of powdered molybdenum in 500 ml of
solution A for 15 minutes and after colling decant from any residue. 1:ue
gprey reagent is a solution of AsB:iH 0. The plates require no heating

2
131:2
and phospholipids give an immediate blue colour, may be used after

ninhydrin spraye

i41) Periodate-Schiff reagonts — Detects all lipids with -glycol

groupss.
| a) 1 % aqueous sodium metaperiodate solution
b) 1 % para rossniline hydrochloride solution decolourized with

sulphurdioxide uatil a pale strav colour sclution results. Spray paper

Centds
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with (1) and lsave 5 minutes. Treat with sulpmurdioxide until brow
colouration imitially formed dimappsars, spray with (2) and leave for
spots to develop. The colour of ihs spot depends om the produst of
periodate axidation, formaldehyde gives an lmmediate purple colouratien,
malondialdehydss yellow end other sldehydes blus in a half 4o two bours.

Glyeonpids dve a slou blna—my coluur, phoaphat:liylglyeerol Zdves
2 rapid purple colour duae to liberation of smm; phasp&mt,idyl nogitol yive-

an 1n:!.t.i.a1 yellow colour which turns grey-brown. After standing for 24 hra.

or longax' most nen-mmtiva cmpcnmt.a 9080 hionphogphatidylglycorol

be observed aa fnint yellowd sh apots. As yet nnideat.ifiod green spots at

the solwvent fromt, pmmhly neutral lipids have also besn observed.

-
h

Typical Bp values n

- L3

Noutral lipids - aolmt front
Mglycosyl diglycerides - 0ub = 0.7
Phogphatidylglycerol - 0s5 = 0.6
Bip~phosphatidylglycerol - Qa7 = 0756

Preparative thin layer chromategraphy': - -

Plates with absorbent 1 mm. thick are usually used. Dependlng upon Yo
officiency of the hsepaxation. 50 -~ 100 mg. of material may be introdussd
on 4o the bags Jine of a 20 om. plate as a thin band acroses the total
width of the plate (a mechanical dovice is available for this purposs).
After development, the separated bands may be detected by spraying the
adges of a masked plate with the appropriate reagent but it is preforabis

§ -
Cmtd,

-
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te apray both edges as the bands moro often shan not de not run parallol
to the base line, Morsover they often dip in the centre go other methods

of detaction are preferables e.g. apraying the whole plate with watsr. Bands
oan also bs detected by sxposive of the plate (o lodine vapour but this
method should not be uged wbsre fatty acld anslysias of the ssparated Mplds
ig to bo carried out. Specisal absorbents are avallable which incorporats
phosphors to eaable observation of the scparated bandn. Rleselgel FFy;,
contalns an incrganic substance which shows up conjugated molecules at

254 m/iand Kleselgel PP, 4o 366 ;eon?.ains in addition an organic materisl
whose fluorescence is quenched by the presance of any organic compounds.
Unfortunataly the phosphor is eluted by polar solwants e.g. chhrofoﬁaa
methanoliwater so these materials can only be used in nén-polar solvents.

Additional strains for TIC. Rhodamine 6G for phospholipids.

0,05 4 Rhodamine 6G in 80 % ethanol. Spray and exaime under U.V.
while the plate is still demp.

Acidic phospholipids give a blue flourescence

Neutral phospholipids {phosphatidylethenclamine,

phosphatidyl choline gives an orgage/yellow flourescence, Basic
lipdds give a ysliow/green flourestence.

Dichloroflourescein for phospholipids.
0,02 % 2,7-dichlorofloursscein in 80 $ ethanol. View under
U.V. Flourescence a&s above,; but colours not as distinet,
Zoding
This can be sprayed onto the plate as an 0.5 % solution in chlcroiurim
Ninh

0.3 % W/V ninhydrin in scetone stalns amlno-phospholipids, develos
at room temperature 1 hour or 100°C, 5-10 mins. pink spods.

e o ) Contd.
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Chemical degradation of liplds !

Lipids mey be degraded by both acid and alkaline hydrolysis. Acid
hydrolysis causes practically ecmplete breakdown into congtitvent sugars,
polyols, or inorganic phosphate. Alkaline hydrolysis with aquecus sodium
hydroxide is an efficient procedure for releasing free fatty acids and
alkali~stable glycosides; phosphate esters may be extensively degraded by
this reagent. Méld alkaline methanolysisc is a more sultable procedure for
breaking up lipids into their water-soluble glycosides or phosphate estsr
and has the sdwvantage that fatty acids are obtained directly as their

methyl esters.
Methanolysis of lipids with sodium methoxide.

Lipid material (1 to 20 mg) is dissolved in CHO1,~-MeQH, 1:1 (5 m1) .
treated with a 0.2N solution of sediﬁm methoxide in methanol (5 ml). The
resulting solution is kept at room temperature for 0.5 hour, water (10 mi
added, neutralised carefully by treatment with Dowex 50 resin (H" form),
either by direct addition or passage through 4 short column and evaporat.e:
to drynesa. The resulting material is partitioned betweon CH.‘-].B and water
using Whatman 1 PS filter papers Or a separating funnel. The aqusous laysr
is evaporated to dryness snd investigated by paper chromatography for
phosphate esters {n-propancl-smmonis~water, 61311) and glycosides (butanol-
| pyrd.dino;gahgg: 61413) and by gas liquid chromatography for glycosides
(as THSL /  The Chloroform layer {s used for fatty acid methyl ester
analysis.

Caontd.



Gan-liquid chromatography (GLG) hae tesn the most significant analytd.-
¢al innovation in the lipid fleld and s the methed of cholee for the ans-
lysis of almost all slngle~chain aliphatic corpeunds. The msthod wasg intro-
duced by James and Martin (1952),

Gaswliquld chromatography involves the physical aeparation of a mov!
gas phase by adsorptlon onto a statiopary phase consisting of an inert soli
sueh aa ailica gel or insrt granules of ground firebrick coated with a nen-
volatile 1iquid {e.g. lubricating greasse or asilicone oils). In, practice a
glass or metel column ie packed with the inert solid and a mixturs of Lhe
methyl esters of fatty acids ia evaporated at wne end of the colwmn, the
entire length of which is kept at temperature of 170-225%. A constantly
flowing stream of an inert gas sush as argon or hellum keeps the volatiliz -
esters moving through the eolumn. As with other Lypes of chromatography,
separation of the vapsrized fatty aclid esters 1s dependent upon the differ.
affinities of the components of the gas mixture for the statlionary pmase.
Gases which are strongly' attached to tho stationary phass move through the
column at & slower!rate and therefors smerge at the end of the column lat: r
then these that ars relatively legs attracteds As the individual fatéy aci:
eataz:s emerge from the éol-m, they are detected by physlcal and chemical.
mosns and recordsd auntomatically as a seriaq of picks which appsar at
different times sccording to the tendancy of each fatty acid ester o be
retained by the stationary phase. The area under each pick is proportionsts
to the ¢oment.rati&s of a particular component of the mixture. The identity
of sech component is established by comparison with the gas chr;matogmphie
pattcfn of & related standard mizture of lnown compositions A detector of

radioactivity may alaoc be incorporated into the gas stream, together wiih
the mass deatector. Thus, a measurs of the specific radicactivity of each

Contds
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compcmm'ﬁ sspersted is obtained. The adventages of gas-liquld chroma--

tography arn its extreme sengdtivity which allows very small quantd b«
of mixtures to be separated, and the fasht that the colamns may bs wesd
repeatedly. Application of the technic has shown that natural fats ©.n

taln a wide variety of hither to u.ndateéted fatty acids.

The fatty scid compositions of the total 1lipida and of phoaphal
ethanclamine, wrich is the main phosphalipid of ¥e gholoxag and 1 v
siblo of other lipids obtained from different strains of sansitive am
‘registant . gholorag be detersined by gas=1iquid chromatography of *
methyl es.,orn, prepared by trans-esterification of lipid using 10 % ¢
boron trifluoride (Morrison and Smdth, 1 1664,)s Measurements wers macie

a sexies 204 chromtogmph. pys Unicame

Under ths following conditions, column pecking, 15 % {W/¥) sty - .
glycol suecinate (ESS) polyester on chromozorb ¥ {80 to 100 mesh);
length, 5 ft. (118 cm), with 4 m internsl diamster; columa tempers® =
160%C; detac.tor'temperatm, 210%C; argon flow rate, 30 4o &0 mi s

The fatty acld methyl estars were 1dentifisd by comparing their rev
times with thoss of standard compounds of ¥nown puritys Relative [y
tiona of the fatiy acids would be calculated from their respectivz pei
areas, estimated from peak hedght X psak width at half helght.
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Proteins

Proteins have been defined as extremely complex nitrogen containing,
organic compounds of high molecular weight which are found in all Iivin,.
cells and is the most important of all known substances in the organic
kingdom. Proteins constiture & major part of the living protoplasm.lIn

bacteria protein represent about 50 % of the dry weight of the cells bu:

up bacterial protein are the same as those which make up proteins of oth-

living cells. Bacterial major cell componants are either composed of pre
or protein uniis associated with other macromolecules. The amino sugarv,
muramic acid, has not heon found in any Biological polymers other than © -
peptidoglycan of the cell walls of bacteria and the closely related bliw
algae. The peptides alse contain unusual amino acids, e:g. Dealamine anu
Duglutamic acid. Proteins in all living organism are essential fo} a0
and repair and alse indispensible for aBmost all metabolic activities.
an extensive and systematic analysis of proteins of different sensitiv
resistant strains of V. gholerae may give a better undefstanding of its

structure and funciion,
Qualitative determination of proteiun:

(1) The biuret methods

The Robinson~Hagden biuret method with a simple modification by
Stickland (1951) is applicable to whole microbial cells or to insoluble.

cell fraction such as cell walls, ribosomes eic.

varies considerably with the age of the culture. The amino acids whicih m..-



{1i) Lowry method:

Folin-Ciccalteu {1927) iz » more sensitive method for the determinatiom
¢f total protein content of microcrganism. This reguires as little as 20 gy
;
of cells. A modification of this method by Lowry et al. (1951) may be
adapted for the analyeis of whole microw~organisms. This method is simplér
to carry out than the biuret method and aboui sixty times sensitive and
allows amounts of protein down to 10 7%, to be determined. Even then it cen
not be considered an atgolute method since different proteins give widely
differing célqgv<va1uesruuf 20 raiher :ess reproducible. In the method of
Lowry et al. (19861) soluble protein avre treated with a Na0H~N32903w0u8644
tartpate reagent hLelore adding the Folin-Uicocaltedd reagent, while insolubl:
proteins are first dissolved in NeOE and then treated with a NaECO3—CuSQA~

tartrate reagent.

Qualitative analysis:

The individual amino acids present in the extracts of micro-organisme
can be identified by paper, thin laver or column chromatography. The presarce
of peptides is detected by comporing the ﬁumber of amounts of amino acids
pragent before and after hydrolysis with 6N hydrochloric acid for 16 hours
at 105°C in a sealed *.i.: and removal of the acid in vacuoj or unidentified
spots on the chromatograms are eluted,hydrolysed and rechrematographed. Hot
water exiracts for chromatographic analysis are'freed from cells by centriw
fugation an¢/or filtration throuzh bacterial filters {simfered glass;
(xoid or Millipore membrane filiers), desalted and concentrated. Removal of

salts can be achieved by an electrolytic method but losses of certain amino
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ecids and the formation of ninhydrin-positive compounds may ocour (Stein

and Moor, 1951) and treaiment with jonexchange resins is perhaps to be preferrad,
Mandelstam, {1958) passed aqueous extracts of E. goli through a column of
Zeo—Karb 225 (8% form), washed ‘the column thoroughly with Qatar and eluted.

the amino acids with 1.5¥ ammonia; the elutes were taken to dryness, the

residue dissolved in a small volume of water and chromatographed on Whatman

No. 3 paper. (Block et al, 1955; Mangold et ;1, 1964; Randerath, 1963 ).
Qualitative and guantitativg anslysis of amino acids in the pool of gtany.

aureus is described by Hancock. {1958} who chromatographed concentrated

extracts on columns of Dowex 50,

Gualitative and quantitative analysis of protein from all the strains
under study using gas liquid chromatography may also be performed depeudi

on the facilities available.

Carbohydrates

Carbohydrate is one of the essential components of bacierial cells.
This carbohydrate content varies from about 4 to 24 percent, the concents:
tion being markedly dependent on carbon excesé in the medium, In additiom
to starch and glycogen, a variety of polysactharide gums are formed, and
complex polysaccharides, either free or associated with protein and lipids .
are commonly present in the surface layers of the cells, These polysacchar a3,
which are iﬁ the form of highly polymerized units, are of congiderable
practical importaunce, conferring immunological specificity to the cell. TR

polysaccharides have also been ghown to D - antigenic.
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Quantitative desterminations

Al1 the common methods for the determination of toilal carbohydrate
content of bacterial cells ars calorimetric. They invelve heating the
material with strongy (20N or more) sulphuric acid and a colour develope-
which is usually an aromatic amine or phencl. Two general methods would
be followed for the determination of total carbohydrates of all strains
under-study. The anthrone method (Dreywood, 1946) approximates to a tots
‘hexose method, giving identical oolours {though not of equal inteusity}

" with all hexoses, while other sugars give differeht and ﬁuch weaker colo. ..
The phenol method (Dubois, et al, 1956) approximates to a universal re.
for all types of sugar, including the carbohydrate residues of neuclex
acids: this also gives identical colours with all hexoses. Usually the
results obtained by the phenol reagent are always higher than thoee !
by the anthrone resgent, presumably the former veacts strongly with &

sugars to which the latter is relatively ingeunsitive.

Analysis of sugars by chromatographic procedures:

Complete analysis of the complex mixture of sugars requires geparat .

of individual sugare by paper or column chromatography (Whistler and
BeMiller, 1961; Hough, 1954; Hough and Jones, 1961; Lemienx, 1961; Cexde™ ,
1958). Determination of sugars by gas liquid chromatofraphy may be perfor. i

following the references by Kircher {1961) and Sweeby ei al, (1966).
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The osll wall Lipopolyssecharide of Gram-usgrtive bacterla are : ad.d
amphipsthic macrezoleenles and functlon as & pexneation tarrlier. This sades
toxle noscencnt shews 2 wide spectrum of $oxic and immunoclogical proporties
They indues a musber of metabolic, eellular and vascular changss in aniveis.
According to recant report on the activitdes of lipopolysateharide from Y.
cholaras hiotype EL Tor, it wms found responsidle for pyrogenicity, lethal
toxieity, local Shwarbsmen veaction and limulus lysate gelation (Rasiuvdein,
1¢78). Lipid A, ig wlologically the most active cemponent of Jipepolysac: e
ride frem these bacteria and various blologicals characteristics of Hpo-
polysaccharide ave depsadeni on iis upid A nolety (Galanos; 1972; Galasnt &,
1977). It is a ubiquitous structure in bacterial endotoxine (Lipopolyes: i
ride) and most of the pathoplysiological reactions reside in the 1ipid &
molety. Many activities including lethal toxlelty, pyrogenicity, complema.
inactivation, adjuvanticity and B lymphocyte mitogenic ity has been doms o

trated with fres isolated lipid A. This covalently bound, ubiquitsus 1ip.d
cosiponsn® was termed lipid A by Westphal and Luderiis in 1954 in oxdexr o
differantiate it from loocssly asseciated phosphatidyl ethanolamine (Fx}.
teormed lipid B. Rscently it wae shown that lipdd A, when sxposed on tha
surface of bacterial cells, ects as an lmmunogsn, givingv rise to the pro-
duetlin of specific antilipid 4 antibodiaes. According to the structural
gimilarities of 1ipdd A among Entarobacteriacaa;m'e, antilipid A antibodies
.sross reach with lipid A obteined from aﬂmmdaa -mlogcally mrelatad
Lipopnlymcharidea These findings prompted investigations into the b‘ioluﬁ
gioal signifisance of lipld A amtisera. Lipdd A can b2 characterised by J
main conatit;ucnta: glucosemine, phosphate and leng chaln fatty aclds.

Glucosamine and phosphate considtute the hydrophilic backbone wheweas
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“ “ong chain fatuy oo aivi cyaenpien b ie property to the lipid A molecule. shess
jes eain fatty acids remain attached io tie bydrephilic backbone. Removal ©f i.tiy

Wy

acids lead to preparations of rsuinced endotixic activities.

1o definite correlation of these barological activifies of the lipopolysaca. - cide
of these Cram-negative baclberia, in vivo and in vitre with the strugture or funoiilon
nas yet been established. Neither the lipopolysaccharide of all these palthogenis

hauheria has been characterized properly.

Extractions

All straine under study extracted for lipopolysaccharide preparation by ihs
phenol-water extraction method (Westphal, Jaun, 1965)., The dry bacteria (10} 2rs
suspended in 175 ml water warmed to 65°C. An equal volume of 90 % (W/V) agusous nie-
nol at the same temperature is then added and the mixture siirred vigorously e h
minutes. It is then cooled rapidly and centrifuged at 3000g for 30 minutas at ARSI ¥t
permit phase separation. The upper aguecus layer is‘c&refully removed aad dizl.sed
for 48 hours against running tap water to remove phenol. The non~diffusible coluboon

contsins lipolysaccharide RNA, glycogen and lipopolysaccharide, The last of .o 2«

T

i

be removed by ultracentrifugation ait 100,000g for 4 hours, when it is fount <.
clear viscous gel at the foot of the centrifuge tubes. The lipopolysaccharidm .2 Sb
{ained as a clear viscous gel after udtracemtrifugation at 100,000g for 4 houri. This
material is carefully removed with a spatula, suspended inaa small volume of e
and lvophilized. At this stage contaminating glycogen and nuoleic acid are si.l:
present, Further purification gan be oblained by dissolving the lipopolysagchs~ .- in :
water to give a 1% (W/V) solution and repeating the ultraceatrifugatiom. The go. i%
again recovered and lyophilized. One further repeatition of the ultracentrifuzatsm
procedure, making three in all, yields en almost pure product.

The polysaccharide may be ovtained free from lipid by mild acid hydroliysis The
lipodolysaccharide is dissolved in 1 % (V/V) acetic escid to give a concentrzlion of
1 % (WN). The solution is gassed with nitrogen and hydrolysed under a abmosphert of
nitrogen in a sealed veasel for 4 hrs ai 100°C. The lipid A is deposited by low soeed

centrifugation. Contd,
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The polysacchwsride containing supernatant solution is dialysed and lyophi--
lized, The product is essentizlly purs nnd comprices about LO € of the
lipopolysaccharide starting materisl. The lipopolysaccharide content of -
bactarial cells is much less variabls in quantity than are tho othor eoll
ctmponents. Iields cbtained by the phanel extraction technique are of the
order of 0.5 = 2.0 § of the dry wn.ght. In terms of pure lipid-fres poly-
saccharide the yleld is 0.2 ~ 0.8 % dry welght.

A light modification of the method damﬁ&d above for the prepars~
tion of I;Lpopoiyﬁaccharide may also be atteapted for a clarificatien of
sxtraction. After the bacterial culturss had grown for s desired lenghi,
the culture is sterilized by addition of formaiine to Q.4 % (final conten-
tration, V/¥). Lesve the culture at 37% for 3 - 4 hours, snd then profs-
rably in tha cold for an additional 18 bours. The addition of formaline
beaides killing the bacterda sarvea to densture and ssal the cytoplaams.
membrane theraby mmcingu the riak for co-extracticn of c;ntanimting

nuclele acids and glymogen.

The culture is palleted at 4,000 = 6,000 X g at +4% for 15 minuras.
The supernatant is disc#rded. The pollet 1s resuspsnded in phosphate
buftered saline (PHE) and centrifuged again. The procedure is repeated
twice, Minally the pallet 1s suspended in distilled water to about 100

‘mg/ol (wot weight) corresponding to abeut 20 mg/ml (dry welght). Then

equal volumes of bacterial sugpension asd 75 % phenol (W/V), prohcated to
68°%¢ , are mized and kept in a waterbath at 68%C for 30 minutes widh oncee
slonal shaking. Cool %o +4°C. The extraction mixture can be lefi at +4% |
over night. Umally there is a partitlen in a top water acd & bettem phonel
phase - if not separation cen bs echieved by centrifigation at 6,000 X »
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for 20 minutes 2% +4°C. Siphon off the water phase, which contains the lipopaliy—

saccharide, to a separation funnel.

Residual phenol in the water phase is removed by extraction with diethyl- iz
equal volumes of ether and water phase are mixed and shaken for about 30 mecowis.
The ether phase iz discarded, Repeat the procedure 3~6 times. Traces of ether
the water phase are removed by bubbling air through the water phase. The watuy
phase 18 dialysed agsinnt distilled water (1210 ratio) with 2-3 changes at ¥

during 12-18 hours. The waterpphase is lyophilized and weighed.

An extensive analysis of lipopolysaccharide obtained from different straiz
under study is desirable. GQuantitative determination of purified and crudé 5 FERTS
polysaccharide from different strains would be followed the quantitative deier
mination of free polysaccharide obtailned by mild acid hyiroly=is of lipopolywe -
charide, Detail qualitative analysim of lipopolysaccharide, free polysaccharia- -
iipid A by column, paper, thin layer and gas liguid chromatography would ve

performed.

SLGENIFICANCE

An extensive biochemical investigation cof resistant and sensitive stra:..
.E. cholerae may provide some clue to sensitive cells becoming resigtant io vomm
used drugs. Study of individual components of two different types of strains W&
possibly reveal some cerrelation of pacterial resistance with cellular compornaen.
This study might help establishing a correlation between drug resisitance of mic.
bial orgﬁnisms with their cellular lipid content agd compogition. A better undei-
standing of their cell components leading to the function of in&ividual COMpOneis*
may also be expected. Detail information of resistant cells may also be helpful

for immunodogical researches, If resistant strains are L~form; those may be bet:.
used for veccine preparation. Rabbit immunization with cell components like LPE,

1ipid A, total lipid is also expacted to show higher level of antibedies.



3. Hgrpdtal rosourcea: Nons
cagt 120 rabbdis
5. lopigtical gupoory: None
6o Maplor items of equipments:
8 Ultracontrifuge o

b, Gas Hquid chromatography
ce Polyserylainlde gel slectrophoresis
d. Spectrophotomefor
e. Uhromatography kite
i. Thin layer chromatogeaphy

ii. Paper chromatography

41ii, Coluen chromatography
Most of these squipments are avellable in this laboratory, & v.°

fow chromatograpny kits which has to be boughts

at, gt Appointment of a new Ressarch Twe:un ~iar.

A collaborative rasearch program has beeo set with the Meorsbicol. -
cal Chemistry Research Laboratory, Univefsity of Newcastle Tynse, Pngle.al
;-O perfors a part of ths .s'urk, which can best be dons in thit lsborsbor.
This laboratory in 8Bngland is very well equipped for anelybleal woek of
bacterisl cell componesnts. This laborabory also has a special :seft, W

Gonbds
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for lipid methodology which is a mejor part of this protocol. Guidance and
suggsation from the sanior wembers of fhat laberatory would slso help on

the succasaful completion of the prepoaed siudys
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PERSCOMNEL SERVICHES

NAME POSTTION
S.Q. Akhtar Asgistant
Scientiat
Dr. Hemidur Vetarinarian
Bahman N
New employee Qesearch

Assistant

My, Abdul Hug Hes. Technician

SUPFLIES AND MATERTALS

Reagents, chemicals

n)i T‘I} bt BU{}(}EF

% TIAE  ANNUAL
USED SALARY TAKA DOLLA

25 % 56,016 14,004 -

10 % 42,824.,23 4,282,4232 ~

100 % 30,808.8 30,808.8 -
25 % 36,480.7 9,365,179 -

rome kg

Sub htoial 58,460,398

PEMITTRE IR SR SRR

20'00{) -

) Acm—rary

Sub total 20,000

g e
EEUIPMENT
Chromatography Kits
(a) Thin layer chromatography kits -~ 5 I PR
$ 250 each
(b) Chromatographic columns (complete systems) = 5 “00
$ 100 each ‘
(c¢) Tanks for thin layer and paper chrematography 30
1) Precoated analytical and preparative TLC plates
and few other small chromatography tools ‘ 756G
Sub total 2,800

WE T RN

Con’t‘.do
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Hene

Per dlem for P.l. Lo work in

fxpected date of travel
November—Decembver, 1980
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&0 days

Sub-tonbal

Publisatien cogto

The 2,000

Contds
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CONSTRUICTION, RENOVATION AND ALTERATIONS

YNone

ANIMAL ETOUIRERENT

120 rabbits

The 15,000

Sub total  Tk. - 15,000
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13.

B, BUDGET SUMBAKRY

CATEGORY Year ~ 1 Year ~ ¢
Taka Doilar Taka. Bolimr
Personnel 58,460 - 64,306 -
Supplies 20,000 - 20,000 - -
Egquipment - 2,800 - -
Patient Hospitalisation - - - -
Outpatient care; | - - - -
ICDDR,B ‘lfransport - - - -
Pravel Persons - 3,000 o= -
Transportation thinzs - - wn .~
Ren‘t‘/ Communication 2,000 - 2,000 "
Printing & reproducticn . 5,000 - 24000
Contractual service o - -
Construction - - - -
Animal requirement 15,060 - -
Total ;MOS:;;E 5,800 88,306
masmsTEm _ e
6,697 5, 88
Grand Total 12,497 . *’;:5-" -
e —— et 2
124497 '
5,887
Total for 2 (two) years 18,384
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