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SPURLES ON AN ENDOTOXIN PRODUCED BY PSLUDOMONAS AFRUGTINOSA

SUMM ARY.
Gaorge J. 0'Neill,

The Introductlon %o the thesis is devoled to a review of the
principal methods which have be%? uged in the exbraction of the endotoxins
or gomabtic aubigens of Gramfzggﬁg;;%ewia, and the chemical vature of these
gubstancess The part played by the 1lipid portion of the complex in the
biologieal activilty is discussed along with the effect on the blological
activity of chemical modification of endotoxing.,

The experimental work is In two maln sectiong.

In the firgt of these, the isclatlon, purification and properbies of
the endotoxin fwom Pgeudononas gerueinosa are desecribed and the results
discussad;

The endotoxin was ipolated as a lipopolysaccharide by a procedure which
involved heating acetone-dried baeterial cells wlth aqueous phenol, followed
by dialysis and high speed centrifugation of the agueous extract, The
lipopolysuccharide was shoun to contain galactose, gluéose, galacbogamine,
glucogamine and an aldcheptoses The 1lipid portion obtained after short acid
hydrolysis contoined ether-goluble and chloroformwescluble fractions in both
of which glucosamine, several amino aclids and a series of fatty aecids were
detecteds

The lipopolysaccharide was ghown to be antigenic and highly pyrogenie
when injected into rabblis, and Lo be toxle Lo rabbliis and mice.

The second experimental sechion is concerned with the effect of a

comblnation of trlchloracetic acid and phenol extractlion on the Pseudomgnas

Rgruginosn cellse Cold trichloracetic acid extraction by the Boivin techaiqy
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gave & low yileld of endotoxin, bubt 1t was found that the residue after
trichloracetic acid extraction could be treabted with hot aqueous phenol to
glve appreclable amounts of an endotoxic maberial which was similar Lo the
endotoxin obtained by direct treatment of the cells with hot phenol, but
vhich was free from contaminating nucleic acide By the use of the combined
extraction technigue, nuclele acid~free lipopolysaccharides were also
obtained in good yield from Brobteus vulgaris and Zacherdchin coli,

It was also found thal the mainbenance of low temperabuwre during the
trichloracetic acid extraction was nobt essentlal when using the double
extraction nethod to obbtaln nuclelc acld«{ree lipopolysaccharides.

A further geries of experiments showed thet even after mulitiple
extraction with cold trichloracebic aecld, a conasiderable amount of endotoxin
remained wiextracted and could be obtained from the residue by tresatment witl

hot phenol.
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PRERACE,

A common feature among Gram -ve bacteris is the presence on the cell
surface of an antigenie toxic and pyrogenic complex which forms the somatic
antigen or endotoxin ef the cell. Interest in these substances has
déveloped rapldly since the work of Boivin in the 19%0's and they have
been the subject of o very large number of investigations reflecting the
interests of chemists, immunologlists and pharmacologlsts.

The aim of the work desoribed in this thesls was to add to the
general body of lmowledge of these important biclogleal substances, using

an organism, Pseudomonas seruginosa, which has not been the subject of

extenslve investigation., The relative unimportance of Pseudomonas

aeruglnesa as a human pathogen 1ls probably the principal reason why this

organlsim has not been the cbJect of more detalled studies. It is
interesting therefore to note reports of the inereasing incidence of

fatal generalized septicaemls resulting from Pseudomonas aeruginoss

infections, and the fact that in some hospltals it has replaced
staphylococel as the principal couse of septicaemia ( 1 ).  There

mey well be some Justification for the claim that Pseudomonas ‘'is

malking a bid for the role of "Ghengis Khan of the mierobial world"' (2),
and 1t seems llikely that more sttention will be pald to the toxie and

ontigenle properties of thls group of bacteria,




INTRODUCTTON AND REVIEL,

Among the first atbtempis to isolate the specific antigenic substances
from Gram -ve bacteria were those of Pilek (3) and Zinsser and Parker (4)
involving saline extracts of typhold baelllil. It was, however, with the
work of Boivin and his assocliates that the first resl progress was made
in elucldating the nature and properties of the antigenic endotoxins.
Pollowing the introduction in 1932 of his eold trichloracetic aeld (TCA)
extraction procedure (5), Boivin examined the properties of the antigenic

complexes isolated from a wide range of organisms Ineluding Bacillus

sertryke (Salmonella typhi-murium), Proteus vulgaris, Baeillus pyocyansus

(Pseudomonss aeruginosa), B, paratyphi B and Shiga (6).

Several other extraction procedures were subsequently introduced by
other workers. Raistriek and Topley (7) used tnypﬁic digestion to

isolate the antligenic and toxic somstic substance from Bact. aertryke

(8. typhie-marium), snd Miles and Pirie (8) extracted tho somatic antigen

from smooth strains of Brmweella melitensis with 2% phenol. Diethylene

glyeol was used by Movgan (9) for the extraction of B. dysenteriae (Shiga) ,

this solvent belng chosen because 1t was neutral, dlalysable and relatively
specific in that 1t did not dissolve protelns or nuclele aecids. In 1cho,
Palnerand Gerlough (10) utilized the protein-dissolving properties of
phenol in the extraction of Fberthells typhoss (Salmonella typhosa). After

treatment/




treatment of the acetone dried cells with 987 phenol, saline oxtraction
of the residue ylelded a toxlie and antigenlec substance which was almost
protein-Tree, Westphal later modified the Palmer and Gerlough meﬁh@d,
and by using mixtures of 90# phenol and water sthigher temperatures
obtained extracts which contained the endotoxie lipopolysaccharide
essentially free from protein (11). This hot phenol method has beon
used successfully with a wide ronge of orgenlems and it appears to ble a
generally effective method of exbracting endotoxins from Gram ~ve

baoterio.

Apart from these techniques, many other extraction methods have becn
Introduced by other workers, and some of these are listed in Toble 1

along with the methods mentioned above.

TABLE 1.,
Procedure, Authors.

Trichloracetic acld Boivin (5)

Tryptic digestion Raistrlek and Topley (7)
Phenol (27) Miles and Pirie (8)
Diethylene glycol Morsan (9)

Cold phenol (90%) Palmer snd Gerlough (10)
Urea (2.5M) Walker (12)

Pyridine (50%) Goebel et al. (13)

Hot Water Roberts~ (14)



TABLE 1 (eontinued)

Procedure. Authors,
Hot phenol (45%) Westphal et al. (11)
Ether or dioxene ‘ Ribi et al. (15)

(Table ) is taken mainly from Westphal (16))

Apart from hot 45% phenol, most of the extraction methods listed
in Table 1 seem to have a limited applicebllity. For example,
Alethylene glycol was found to he a good solvent for the extraction of

the scmatic antigen of Shigella dysenteriae, bubt 1t falled to extrect

the antigenle material from some stralns of Shigella flexznerli (13), and

while 507 agueous pyridine extragted the antlgen of Shigella

paradysenterine (Flexner), it was not successful with Shigella sonnel

Phase 1 and Phase 2 for which B0% glycerol and TM urea respectively
were found to be sultable solvents (18), Although trichlorocetic acid
has been used successfully with many Gram -ve hacteria, 1t may not he a
very efflelent solvent for the somatic antigen (v.1.), and generally
falls to extract the somatle antigens from Rough bacteria and from those
organisms in which the antigen i covered by a surface proteln componsnt

(19).

In recent years, the study of the surface anatomy of bacterial cells

hes added a further dimension to the work on somatic anbigens and endotoxins




The development of satisfaétory methods for the separation of cell walls
from eytoplasmic material, combined with the use of the electron
mieroscope, has resulted Iin a considerable increase in our knowledge of
the organization of the surfacc layers of bacterial cells (20). It is
now believed that Gram -ve bacteris have o more complex surface structure
than Gram +ve organisms - one of the reasons for this additlonal
complexity being the prescence on the suriace of Gram ~ve bacterlis of the
complex endotoxin ovr somatie antigen. The true anatomlcal relationship
between the somatic antigen snd the cell wall has heen o matter of some
debate, Wilkinson (21) considered that although elosely bound to the
cell wall, the antigen Ald not form an Integral part of 1t, and he
suggested that as 1t did not conform to the normal definition of a capcule
(i.e. visible under the light microscope) 1t was best described as a
microcapsule. He polnted out that the O antigenof Smooth Gram -ve
bacteria could be lost by mutation without affecting cell viability, a
typleal property of capsules but nobt of cell walls., Davies, however,
has suggesbed (22) that the Smooth to Rough variation may not involve
the loss of an 0 antigen leaving the R antigen exposed, but may simply
refleet o change in polysaccharide constitution. If this is so, then
the loss of 0 speeificity is not necessarily cevlidence for the
mierocapsuler nature of the somatic antigen. The resulls obtained by
Salton (23) on studlies concerning the distribution of sugars in the
isolated cell walls of several Gram -ve bacteris support the view that

the/



the mpeaifie polysaccharides of Rough and Smooth antigens form an
integral part of the lipld-polyseccharide-protein fraction of the
¢ell wall and he concluded that the deseriptlon of the polysaccharide

complexes as 'mlerocapsular' was misleading and should be discontinued.

CHEMTCAT, AND BIOLOGICAL FROFFRIIED OF FNDOTOXTNG.

1. THE NATURE OF THE TSOLATED COMPLEXES.

The natuvre of the substances extracted by most of the methods
1isted in Table 1 has been adequately reviewed by Burrows (24) and by

Wostphal (25) and will not be considered In detail.

Boilvin initially considered the endotoxliec O antlgens obtalned by
TCA extraction of Smooth Gram -ve bacteria to be protein-free
glycolipids (26). It was subsequently shown however (27) that although
they did not give the usual qualitative tests for proteins, they were in
fact essentially similar to the substances whlch Morgen obtalned from

Shigella dysenteriase ond Salmonella typhosa by exbtractlon with Dlethylene

glyeol and choracterlzed by him as protelnepolysaccharide~lipid
complexes (28,29) of which the lipid was identified as a kephalin type

(28,30).

Westphal lator showed (56) that the polysaccharide conbained an

additional lipid component and introduced the terms lipld A and lipid B
to disbtingulsh between the/



the 1ipid associated with the polysaccharide (lipid A) and the

kephalin~type lipid identified by Morgan (1ipid B).

It is now clear that endotoxins can be isolated elther as protein-
polysaccharide«lipid complexes or as lipopolysaccharides depending on

the extraction method employed.

The protein part of the complex plays an important role in the
antigenicliy of the endotoxin (16) and in the case of certailn strains of

Racherichla coli it is associated with bacterioeine activity (ecolieine K)

(31). Apart from these effects, however, the protein component
apparently plays no part in the general blologleal effects of endotoxins
(16). The protein-free lipopolysaccharide shows all the blological
properties of the endotoxin (%2) and although it may be less potent than
the protein complex in the stimalation of antibody formation, 1t contalns

the groups vesponsible for the speecificity of the somatic antigen.

2, CONSTITUENTS OF THE LIPOPOLYSACCHARTIDES.

Table 2 lists some of the chemical properties of lipopolysaccharides

obtained from different organisms by extractlon with hot 457% phenol.
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Acld hydrolysls results in a cleavage of the complex into lipid
and polysaccharide. The lipid (1lipid A) is normally iselated by
heating solutlons of the lipopolysaccharide in N mihera.l acld for
F0=60 minutes. (37), These conditions, however, couse considerable
breskdown of the pelysaccharlde, and for studies on the intact
polysaccharide ('degraded' polysaccharide - Davies (40)) milder
hydrolysis in 1% acetie acid as deseribed by Morgan and Partridge (28),

is morc sultable.

A. SUGAR COMPONENTS OF THE LIPOPOLYSACCHARIDES.

The sugars present in the lipopolysaccheride can be identified by
examination of hydrelysates of the degraded polysaccharide or hydrolysates
of the lipopolysaecharide without prilor sepnration of the polysaccheride,
compoment. The conditions of hydrolysis used by different workers in
the investigation of the compenent sugars show a considerable variation.
Westphal (33), investigating the sugars present in the lipopolysaccharide

Trom Salmonella sbortus equl, found that the maximam reducing suger value

was obtalned after 2 « 3 hours hydrolysis in N sulphuric acid snd used
these conditions for chromatographle identificatlion of the sugars present.
Davies (19) found that the maximum redueing value for the lipopoly=~

gsoecharide from Pasteurells vestls occurred after & hours hydrolysis in

0,54 hydrochloric acld, but for chromstographle ldentification of the

sugers he hydrolysed the material for 15 hours in N sulphuric acid at/




at 100°C. MaclLennan has showm (39) the lipopolysecchoride from

Bordetella bronchiseptlous to be relatively vesistant to the mild

hydrolysis conditions normally used to determine total vedueing sugars.
The reducing %raluea after 24 hours hydrolysis in 0.5N hydrochleric aeid
was T%, yet the lipopolysaccharide was shown to contaln 5% hexose
(Dische), 187 aldoheptose (Dische) and 16.6% hexosemine (Rondle and

Movgan).

Some of the sugars which occur as constituenits of endotoxing
(3:6=dldeoxy hexoses = gee helow) ave acid labile and may be destroyed
by extended perlods of hydrolysis, so 1t would seem therefore a wime
precaution to use a range of hydrolysis conditions when sttempting to
identify the component sugars of a previously uninvestigated

lipopolysaceharide.

Sinee the nature of the polysacharides of Gram ~ve bacteria
has recently (1960) been veviewed by Davies (40), while a wider
coverage of the polysaecharides of miero~orgenisms is glven in the
recent boek by Stacey and Barker (41), this Introduction will be

concerned ouly w:i.th' some of the morve importenlt aspects of the subjeot.

The complex heteropolysaccharides of Gram =ve bacteris may contein
up to seven different sugar components. One or more of the common
aldohexoses glueose, galactose and maxnose along with glucosamine and/or

'g:alae'tosamine oceur In most of the polysaccharides which have been/




been Invesilgated, A wide range of additional sugars of dliTerent
classes have, however, bheen ldentified and Teble 3 lists sugars whileh

have been found in somatic antigens or polysaccharide haptens.

TABLE 3,
Pentoses Xylose Di=deoxyhexoses Colitose
Avabinose Abequose
(Ribose) Tyvelose
Paratose
Aldohexoses  Glucose Ascarylose
Galactose
Mannose
Aldoheptoses D=glyoero=Degalacto=
Amino sugars Glucosamine Deplycero=Demanno=-
Galactosamine T=glycero=D=maymQ
Fucosamine

In the majority of eases, identification of sugar constituents hag
beon by paper chromatographic exeninetion of hydvolysates, a method which

does not distingulsh between D~ and I isomers.

Ribose hes been veported as a constilituent of the endotoxin of

Pseudomonas aevuginoss (34). However, although polyribitol phosphate

(belchoie acld) occurs as a major component of the cell walls of certain
bacteria (43), and Deribose, linked to a 2,6-diaminonldohexose is found

in the antibiovbic Neomyeln ¢ (44), ribose has not been found in other /




o'bher endotoxins, and the detection of 1t in hydrolysates 1s normally
conaldered to be an indiéa:bicn of the presence of contaminating maeleic

acld.

Hexuronie acids occur widely ln capsular polysaccharides of Gran
+ve bacteria, especially the pneumecocei (41), but they have not heen
esmnly rép@rtad as congbituents of the somatle antlgens of (Gram -ve
orgenlsms., Uronic acld wers found in the somatie anbigens from 8

different species of Shigella flexneri (42), and Dzulynska and Mikmlaszek

(45) reported the probable presence of uronic aeids in polysaccharides
from £3 Gram »ve bacteria (including several Rough strains), but their
chromatopraphic identification was rather wnsatisfactory because they
-had no standard uronle aclds for comparison. (alacturonie acid, howsver,
has heen detected by Devies in the degraded polysaccharide hapten from

the somatic antigen of Chromobacterium vielaceum strain 'Lewitus' (46),

wiile Bordetelle bronchiseptieus lipopolysaccharide was found to have 207

uronic aecid, based on the amount of CO, evolved on heating with 127 HCL
and on the neutral eqguivalent obtained by titration in bhoiling 507
ethanol. However hezuronic acld ecould not be detected in the
haphthoresorcinol or carbezole tests, nor on chromatograms sproyed with

bromophenol. blue (39).

Before the ldentification in 1952, of an aldoheptose in the

lipopolysaccharide of Shigella sonnel Fhase 2, (47), the only heptose /
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heptose sugars koown to oceur in uature weve ketohopboses vihiich hod been
ldentified in several plant materlals (48) and as a phosphate ester in

the products of yeast julee fermentation.(49)

Aldoheptoses heve now been found in polysaccharides from many Gram
~ve bacteria (see Davies (40)) and in several cases they have heen
isoloted and ldentilied. . It is Intervesting that, as yeb, none of
these sugars have beon found outside this limited elass of natural
subgtances., The signilficance of the presence of these sugars in
bacterial polysaccharides 1s nob known. They mpy form up to 20407 of
the polysaccharide, bub theve is no evidence that they pley any pard in

the antigenic speclficity of the complex (50)

The other class of sugara of particular interest, the 3,0-dideoxy
hexoses, are however known to play an Important role in antligenie
speclfioty. The presence of this type of sugar, previously unknown in
nature, was first recognised in 1952, when Westphal (51) and Staub (52)

detected, In hydrolysates of the polysaccharides of Salmonella abortus

-equi, and Sajmonells typhesa, components whlch had Re values greater

then those of the O~deoxyhexoses. These sugars were given the names
shequose and tyvelose and were subsequently ldentified as

3, 0~dldeoxyaldohexoses (53). Three further examples of this class of
Sugar aye now knowns amai*yl%e, Tirvat found in the egs membrane of the

vorn Parasceris equorum (54), eolitose Lrom Escherichla coli 111 Bh, and

paratose from Salmonella pamtyphi B, Table 4 = taken from Davies (40) -
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liasts these sugars and some of thelr properties,

TABLE i,
sugar. D Reh
Abequose: 3,0~dideoxy-Dexylo-hexose % to =l 1.16
Colitose: 3,6mdideoxy~l=xylo~hexose +h 1.16
Asearylose:s 3,0-dldeoxy~learabino-hexose -25 1.29
Tyveloge: 3,6-dideoxy«Dwarabino=-hexose +25 1.29
Paratose: 3,0-dideoxy-D-rvibo~hexose | +10 1.25

Abequose and celltose and aacarylese and tyvelose are optical
lsomers; so far, no optical isomer of paratose has been found. Apart

from Parasearls equorum, ascarylose has been identified in the specific

polysaccharide of Pagteurella pseudotuberculosis Type 5 (55).

The rapid release of the dideoxy sugars from the polysaccharides
on acld hydrolysls (32) suggested that they ocoupled terminal positions
and ag such might play an important part in the antigenle specificity.
This has been confirmed in experiments which showed thal these sugars
coull act as specific Inhibitors of the pregipitation of a polyssccharide
by its homologous antiserum, tyvelose inkiblting the precipltation of

8. typhose polysaccharide by its homologous antismerum (5%), abequose

inhibiting the preeipitation of 8. paratyrhi B polysaccharide by/
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by 8. pavatyphl B antlserum, and colltose inhiblting the precipitation

of E. eoll 0lll polysaccharide by E. coll 011l antiserum (57). The
speaificity of the inhibitlon is shown by the fallore of ascarylose,
the optical isomer of tyvelose, to inhibit the precipitation of

S, _typhose polysnccharide by 8. typhoss antiserum (54) and the fallure

of abequase and colitose to inhibit the precipitation of E. ecoli 011l

polysaccharide b:f E, coll antiserum and S, paratyphi B polysaccharide

with 3. paratyphl B antiserum respectively (57).

The Selmonella can be differentisted on the basis of their
serological specificitles, these specificlities being symbolised in
the Kauffmenn-White scheme by numerals 1, 2, 3, 4, 5 ete. Up to four
dAifferent specificities can be found in s single O antigen, and the
namerous atmins are arrvonged into brasd groups depending on ‘their O
antigen formuls, each group havinsv a characteristic antigen - see

Table 5 .

TABLE 5.

Salmonelle Group. 0 antigens,

A 1, 2 12
B 1, 4, 5, 12
D 9, 12
P

25



By inhibition studies (113)1it has been shown that paratose is the

determinant sugar of antigen 2 in Group A strains (e.g. S. paratyphi A),

shequose the determinant of antigen 4 in Group B (8, paratyphi B)

tyvelose of antigen 9 in Group D (8. typhl) colitose of antigen 35 in

Group P (S. adelaide). Cross reactions between organisms such as

3, adelaide and E. cbli 0111 B4 may thus be explained by the presence of

o common antigen with colitose as the determinant group.

A more coneclusive indication of the lmportance of the terminally
linked %, G-dideoxy suéars in antigenic specifiolly has come from the
pveﬁaration of artifieial antigens containing oolitose (58). The
antigens were prepared by coupling dlazotlized pe~amino~phenyle #and - G -
collto~pyranosides with purified bovine serum albumin or egg albumin.

It was found that these antlgens, when injected into goats, produced
antibodies which were specific against colitose and which reacted against
L. eoll 0111, causing agglutination of heated suspensions, precipitation
of the specific polysaccharide and haemagglutination of erythrocytes
sensltized with E. eoll 0111l lipopelysaccharide. The results showed that
golitose itself can zcecount to a great extent for the antigenle specifilcity

of B, coli 0111l (and serologleally related organisms such as Salmonella

0 3% and Arizona 0 20. The antisera did not react strongly with another

group of bacteria., (E. colil 055, Salmonella 050 and Arlzona 09) which

also contaln terminally bound colitose = presumebly because the structural

arrangement of colitose in these organisms is different from that in the/
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the artificial antigen and in the E. eoli Ol1l group. This emphasises
the foet thal identificatlion of the component sugars of a polysaccharide
is not in itself sufficient to provide a proper understanding of antigenio
speclficity. It is possible for two organisms to have the same sugars
present in their palyas.eaharic’tes and yet have quite different antigens.

Tor example, Sslmonella paratyphi B (Group B, antigens 1, 4, 5, 12) and

Solmonella newport (Group Co antigens 6, 8) both contailn glueose,

galetose, mannose, rhamose and sbequose (59).,  Specificlty is determined
not only by the presence of certain sugars, but also by the manner in

which they are organised.

B. CHEMISTRY OF TIPID A,

The firet detalled studles of the composition of this lipld were
carried out by Tkawa and Niemann (60) using a tumour necrotizing

substanee whilch theyisolated from culture filtrates of Lscherlehia coli.

The lsolated material congisted of a complex of polysaccharide with
peptide and phospho~lipld from which a chlovoform soluble 1lipid fraction
gould be obtained after heating in N sulphurie acid at 100°¢ for 1-2 hours,
This froection, whieh amounted to 25% of the weight of the complex,
gontained sbout 207 acetone~soluble material consisting meinly of fatty

selds (61). Hydrolysls of the acetone~insoluble material in 5N
hydrochlofic aeld for 10=16 hours led to the identifieation of the/
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the following componentsi~ Jlaurie, myristle, palmitic and
Behydroxymyristic aelds, D-glucosamine (probebly N~acotylated),
ethanolamine, aspartlc acid, phosphoric aclid and a previously unknown

aliphatlc amine, 4,5-diemino-eleosane, whilch they named necrosamine.

The components of the lipld from the highly purified

lipopolysaecharide from Salmonella abortus eoul were examined by

Westphal (62). The lipid (lipld A) released after 30-60 minutes
hydrolysis in N mineral acid at 100°C was soluble in chloroform and
pyridine but only slightly soluble in other lipld solvents, and it
ropresented 267 of the welght of the lipopolyscccharide. The products
of hydrolysis of this 1lipid in 6N hydrochloric aeid for 10-20 hours ab
100°C included glucosamine, glutemle and aspartic acids, diaminopimelic
acld, lysine, alanine, serine, ethanolamine and phosphoric seid. A
serles of long chaln fatty acids waz also obtalned and by the uase of
reverse phase paper chromatography the following fatty aclds were
identified:« caprie, lauric, myristle, palmitic, astearic, arachidic
and lignocerle. There was an addltlonal saturated acld with a high Ry
value whieh was thought Lo be a f?~0H acld and also four unsaturated
aclds. Oﬁﬁ of these had the same Ry as olele acld but the other three

were not ldentified (63). Necrosamine was not found in this lipid.

Westphal has compared the llipld components of lipopolysaccharides

from several Gram -ve bacteria (25) and observed that although the amount/
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omount present in the dlfferent lipopolysaccherides varied quite widely
(from 10 to 3075); there was a close similarity in their snalytical
values., They all contained about 207 hexosamine, about 507 higher fatty
acids and a peptide contalning serine and amino~dicarboxylic acids (16).
By paper chromatographie analyasls, it was shown thaot lipopolysaccharides
from eleven different specles of Gram ~ve bacteria all released the same

‘series of long chain fatty aclds on aecld hydrolysis (63).

More detalled studles of lipid A have been carried out by Nowotny

(64) who found that this lipld, obtained by acid hydrolysis from
1ipépalysaacharides, contained 30-40%4 free fatty noids which could be
extracted with low molecular welght esters. Purification of the
regidue gave o mixture of three liplds present in varying amounts in
dlfferent lipopolysaecharides. Complete hydrolysis of all three of
these liplds ylelded fatty oeclds, amino aeids, glucosamine snd vhosphorice
acld. 'The main difference between them appeared to be in the amount of

peptide present. Using one of these lipids, B 1 from Eacherichls coll

08 (FB = firmly bound 1ipid) Nowotny found that after 12 hours hydrolysis
in 3N hydrochloric acid, 55% was liberated as ether-soluble material and
5% as water-soluble. The ether-soluble fraction econsisted mainly of
fatty acide - C24, €22, €20, stearic, palmlbic, myristic and
p-hydroxymyristie. Exeaminatlon of the water-soluble preducts by paper

chronmetography and high voltage paper electrophovesls showed the

presence of glucosamine, aspartiec and glutamle aelds, valine, alanine/
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alanine serine, arginine and lysine along with three giucosamine
phosphates. The glucosamine phosphates were identifled as
D-glucosamine-#—yhoaphate, D=glucosamine~6-phosphate and l-peptido~D=
Glucosamine-4-phosphate, and it was then shown that the 6.phosphate was
an acld-stable artefact produced during hydrolysis by transphoesphoryls-

tion from the acld~labile Y4~phosphate.

No glycercol, Ilnositol or sphingosine could be detected in these
liplds, and Nowotny has suggested that the structure 1s that of a
glucosamine phosphate chain with the fatty aclds present partly as

esters through the hydroxyl groups on C3% and 06, and partly as amides.

The postulated struecture ls

N R A
CH,O CH,0 CH,0
; ‘<<>R 1=
. ZA
NH-R NHAR. NHR 5,

Burton, however, (65) found the purified 1lipid A from E. coli 0111

B4 to be free of amino aclids and has proposed a different basie strueture./
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structure. After complete reduction of the lipld with sodium
borohydride she found that half the original smino sugar was present as
glucesamine and half as glucosaminol, She considered it unlikely that
a lipid having a structure involving a Cl ester linkage as suggested by
Nowotny could withstand the acld conditions used in the isolation of
lipid A and that 1f any other diester linkege was involved the sodium
borohydride would have reduced all the glucosamine to glucosaminol. On
the basls of her results she proposed that the basiec strueture of lipid

A consisted of two molecules of glucosamine Joined by a glycosidic bond.

Burton alsco found that the lipid had reducing properties and
considered thls an indlcatlon that the 1lipld may be Joined to the
rolysaccharlde through the glucosamine. This suggestion had been
advanced previously by Tkewa and Niemanm (66) as a result of finding
glucosamine in both the phosphollpld and polysaccharide portions of the

lipopolysaccharide from &. coll.

3. RELATIONSHIP OF THE STRUCTURE OF ENDOTOXINS TO THEIR

BIOLOGICAL EFFECTS,

Apart from stimilating the production of antlibodles, of a
specificlty determined by the nature of the polysaccharide portion of the

complex, endotoxins alse produce ln experimental animals a syndrome of /
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of additional biologleal effects. These effects, which have been
revieved by Burrows (67), Thomas (68), and Bennett and Cluff (69), are
similar for all endotoxins, although there may be o varlation in

poteney with different preparations. They are listed by Thomas as;

1. A profound vasomotor disturbance terminating in shoeck and
" characterized by intense gencerallzed srterlolar constrietion.

2, A metabolle disturbance consisting'of hyperglycaemia followed
by hypoglycaemia, sbrupit depletlon of liver glyocogen and excessive
amounts of lactic acid in the blood and tissues.

3. High fever sometimes followed by hypothermia.

4, Extieme polymorphonuclear leucopenia followed by leucocytosis.

5. Pfcductian of haemorrhagic necrosis in'rapidly growing -tumours.

6. With sublethal doses, the rapld appearance of a state of resistance
against the same and other endotoxins,

T, Produection of the local and generalized Shwartzman reactions.

Although a great deal 1s now known about these non-specific blological
effects of endotoxins, there is still uncertainty about the precise
mechonlsms involved in their production. This can be illustrated by =z
consideration of the fever reaction - probably the most extensively
studied of all theme effects. It is known that after injectlon of

endotoxin, there appears In the circulation an endogenous pyrogen

similar to o fever producing substence which can be obtained from/
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from polymorphonuclear leucoeytes (for references see Bennett, I.L. (70).
These facts have led to the suggestion that endotoxin fever results from
a stimilation of the hypothalamus by the endogenocus pyrogen released

from leucocytes and is not due to a direct action of the endotoxin ltself
(71). ‘This view of an entirely indirect effect of endotoxins has been
challenged because of the observation that intrathecal injectlon of
endotoxin results in a high fever wilthout: the production of detectable
endogenous pyrogen (72), and also that during endotoxin fever endogenous
pyrogen could not be detected in the sera of animals made leucopenic by
prior injection with nltrogen musterd (72, 73). It has recently been
shown however (T4) that endogenous pyrogen can be detected in the sera of
leucopenic animals if a sufficlently large volume 1s used. These
workers congidered that the decreased potency of such sera compared with
thoze of normal rabbits injected with endotoxin i1s net convineing
evidence agalinst the hypethésia of the central role of endogenous pyrogen
in endotoxin fever. The need for caution when applying conclusions
reached as a result of experiments with rabbits to explain the mechanism
of endotoxin fever in man 1s clear from the experiments of Cranston and
his co=-workers (75). They eonfirmed that a pyrogenie substance can be
obtained from rabbit leucocytes by incubatlon at 37°, but they were,
however, unable to deteet any similar material in human leucocytes and
concluded that the production of a pyrogenie substance from leucocytes

themselvea'(as distinet from a pyrogen resulting from the interaction/
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interaction of leucoeytes with bacterial pyrogen) may not be essential
in the production of fever, Tt 1s clear that even after a great deal
of investigation, there i1s still uncertalnty about the mechanlsm by

which endotoxin fever is produced.

Westphal has suggested (16) that the great sehasitivity of higher
animals to endotoxins could be due to a type of anaphylactic reaction
produced as a result of sensitization by endotoxin during the early
years of life. This ldes, which had previously been postulated by
Stetson (76), when he drew attention to the simllarities between the
reactions of endotoxins and certain reactions of bacterial allergy,
has received some support from the findings of Schaedler and Dubos (77).
These workers found that mice ralsed and maintained free of ordinary
pathogens and enteropathogens were highly resistant to the lethal effect
of endotoxin, but susceptible to other effects~ losing welght when
treated with smell (1 pg.) amounts, and succumbing rapidly to a fatal
septicaemlia when 1 ug or less of endotoxin was injected along with a

sugpension of Jt. aureus. After Injection of healt~klilled Gram -ve

bagteria, the mice became highly susceptible to the lethal effeetsoof
injected endotoxin but showed an increased resistance to the Infection-
enhancing effect. Schaedler and Dubos concluded thet there were at
least two unrelated mechanisms involved in the pathological effects of

endotoxing, one assoclated with what they called "primary toxilelty"

manifested by a loss of welght and an inoreased susceptibility to/
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to Infection, and o seecond reactlon of a lothal nature which l1s of an
immmoloslesl type resulting from prlor sensitlzatlion of the anlual by
exposure to Gram ~ve bactoiia. These vesulis, however, do not agree
with those of Landy and hils co~wovkers (T78) who found thot germe-free and
conventlonally vesred mlee showed no significant difference in thelr
suseeptiblllity to the lethol effects of endotoxing, nor are they
supported by the resulis of coxperiments on guines pigs carried out by
Uhr (79) in whieh 1t was found thatl new-born guinea pigs were highly
su&eeptible to the lethal effects of endotoxing ond that this
susceptibility décreased with age. TFurther reports which showed that
chick embryos, new-born rabbits ond germ-free rabts were susceptible to
the lethal effects of endotoxins are listed by Stetszon (80). As Landy
has pointed out (78) the imposaibility of ensuring that a diet iz antigen-
free will probably prevent an accurate experimental asseassment of the
bhypersensitivity theory, buit the evidence avallable indlcates that the
variation in susceptibility to endotoxinz is not controlled by the

presence oy absence of a bacterlsl flora.

The flrst progress in ebttempts Lo isolate blologically active
portions of the endotoxin complex come from the work of Westphal and
his co-workers who found that after coupling the lipopolysaccharide from

9. sbortus equl to easeln, a 'liposaseln' eould be obtained by heabing

the complex in 1% acetie acid for 1.5 hours. This lipoprotein, in which

only the 1lipid was of baeterial origlin was strensly tomic and pyrogenle/
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pyrogenic in rabbits'(ﬁﬁ). while the ilsolated polysaccharide was inactive.
Using this method, Westphal was able to prepare'complexes which had up
to 1/5th of the toxlcity and pyrogenicity of the original material (38).
When the 1lipid itself was injected into rabbits in the form of an
aqueous suspension, 1t was pyrogenle at dose levels of-loo pe/kg to

1 mg/kg, whereas o suspension of the 1ipid in Tween was sctive at a
level of lpg/kg (38). Westphal subsequently reported the preparation
of colloldal acueous solutions ¢f purified lipid A whiech had about

1/10th the blologleal activify of the original endotoxin.(82). Of
speclal interest was the fiading that injectlion of purified 1lipid A

into mlce produced an inerease in non=speclfle reslstanee to infeetion
wlthout the inltial deereasc In resilstance which oegcurs when the
1ipopoiysaecharide is employed. On the basis of these results, Westrhal
has suggested that the lipild A portlon of the complex 15 the earrier

of enddtoxic active groups (82) end thet the degree of activity is
determined by the extent to which it 1s dispersed - the most active
preparations being those in which the lipid is combined with the water-

solubilising polysaccharide (37).

Recently Westphal has reported (81) that the phosphomucolipid
1solated from purified 1lipid A and characterized by Nowotny (64) is

responsible for many of the biological effects of endotoxins.

The importance of lipld A in the blologleal actlvity of endotoxins

has been questloned by several workers. Ribi et al (83) obtained a/



a Bolvin type antigen from 8. enteritldis ( by aqueous ether extraction

followed by dlalysis and ethanol fractionation) which contailned 2-12%
bound 1lipid. 40-60% of this 1lipid could be removed by refluxing with
ethanol or with chloroform-methanol followed by monochlorobenzenew
ethanol-water, giving froections econtaining as little as 1% lipiq whiech
weve as toxle and antigenlc as the starting materisl. The authors
found that Tween suspensions of lipid A (obtalned from acetle acid
hydrolysates of the endotoxins) were of low toxlelty compared with the
material from which they were derlved and they concluded that the
toxlelty of the endotoxin could be attributed malnly or entirely to the
polysasecharide portion of the complex. These observations were
extended in experiments carried out in collaboration with Landy (84, 85)
in which 11t was again found that the resulis did not support the
suggestion that the 1lipid molety 1s solely or even chiefly responsible
for the biologleal activity of endotoxin., None of the lipid fractions
tested had a blological activity greater than 1% of that of the parent
endotoxin. 1In a study of the changes in the biological activities of

S. enteritidis endotoxin during hydrolysis with 0.1N acetic acid, Ribi,

Haskins, Lendy and Milner (86) observed a marked decrease in al; the
activities measured (non-specific resistonce to infecetion, tumour damage,
mouse lethality, dermal inflammation in rabbits and pyragenicity) before
there was a detectable release of chloroforme-soluble 1lipld, indicating

that veduction in biolegleal potency was not the result of separation of /




of the lipid with consequent reduced solubility. They also polnted

oub that thepyrogenic activity after 90 minutes hydrolysis was of the
gsame level as that of artifilelal lipoproteins prepared by themselves and
Westrhal by hydrolysis of casein-lipopolysaccharide complexes. This
suggested that the actlvity of these lipoprotelins was posslbly not the

result of solubilisation of the lipid by the casein.

Although the liplds tested by these workers exerted only a frastion
of the activity of the intact endobtoxins, the& nevertheless could not
be described as biologlcally hactlve., Iipid extracted by none
hydrolytic methods had a level of activity simllar to that of lipid A,
although the 'dellpified'! éndotoxin had not lost any of its original
poteney (84). This may mean that there are two active components
present in endotoxins -~ an aecid stable one present in tﬁe lipid, and
another, sensitive to aclds, which 1s responsible for ‘the prinecipal

blologleal effects,

4, CHEMICAL, MODIFTCATION OF THE PROPERTIES OF ENDOTOXINS,

In addition to attempts to lsolate blologically active portions
of the endotoxin complex, there have been several investigations into
the possibllity of producing chemically modlfied endotoxins with
altered biologlcal properties. Apart from the Insight such experiments
mey allow into the interdependence or otherwlse of the various

biologleal effects of endotoxins, they may also be of some practical/
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practical value 1{ they result in the selective retention of o desirable
property such as immunologileal poteney while at the same {ime destroying

the toxieity of the complex.

In 1952, Westphal, Imderitz and Klederling (87) reported some of
the properties of an acetylated lipopolysaecharide from E. coli.
Injection of 100 pg of this preparation into humens produced only a slight
fever, while 200-500 pg caused o marked fever without any appreciable
alteration in the total leucocyte count, Subeulaneous Injection into
humans did not result in the local Inflammetion produced by small doses

of the untresated lipopolysaccharide.

Recently Freedman and his colleagues (88) deseribed the produetion

of an acetylated 8. typhosa endotoxin whilch was not lethal in mice at o

dose level of 0.9 mg, although thls amount of the originel endotoxin
resulted In o 1007 mortality. The pyrvogeniclty of the acetylated
endotoxin wos about 1/1000th that of the original materisl, while the
degree of protectlon afforded to mlce ogainst a challenge of

Ps. asruginosa or E. coll was the same Iin both preparations. Thet the

introduetion of the acetyl groups was the factor responsible for the
selective reduction In pyrogenleity and toxliecity was shown by the
restoratlon of the original level of toxicity and pyrogenieclty by

deacetylotion with alkall. This does not, however, mean that the acetyl/



agatyl groups necessarily exerted a specilfic bloecking action Iin the
endotoxin molecule. It i3 clear from the paper that the acetylated
endotoxin was much less soluble in water than the original material,

and it 1s poasible that the reduced activity was a result of this, since
Davies has shown that the extent to which an endotoxin is dlspersed in
solution can have a profound effect on the level of the pyrogenilc

response (Eé).

Noll and Braude (89) have produced an interesting modified
endotoxin from E. coli 0:113 by reduction with LiAlHy. This treatment
of the endotoxin resulted in the abolition or marked decrease of
pyrogenicity in rabblts, lethality for mice, neutropenia in rabblts and
Intradermal inflammation in man. The reduced endotoxin was however stlll
capable of stimulating tolerance to the pyrogenie (rabblts) and lethal
(mice) effects of the unmedified material and it afforded the same
significant degree of protection of rats against remal infection with
E. coll as dild the untreated endotoxin. The ability of this modifiled
endotoxin to stimulate tolerance against the pyrogenic effect of the

original endotoxin contrasts with the absence of this property in the
acetylated endotoxin prepared by Freedmsn and hls co-workers. HNoll

and Biaude were unable to offer a complete explanstion for the effect
of LiAll) on the blological properties of the endotoxin. The prinecipal
chemical result of the treaotment was the reductive cleavage of ester

linkages involving the fatty acids, with the release of a series of long
chain aliphatic alecohols. However, although 1t was conslstently found/
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found that only those preparations which wera ester-~free were none
pyrogenle, 1t was clear that the reductlon in toxieity was not simply
the result of de~esterification. If the formation of insoluble
aluminium bydroxide (from L1AlHy or I1Al alkoxide on the addition of
water) was prevented with sodium potassium tartrate or if the
reduction was affected with IABH), or NaBH) there was a much smaller
reduction in toxicity even although there was no'difference in the
extent of the cleavage of ester linksges. It was coneluded thet the
toxie prmductsgremaining after LiAlH4 reduction must be preferentially
abmorbed ontofihe aluninium hydroxide gel. This toxic fraction was

not 1dent1fied,

Noll and Braude found that heating with alkall (Li0H) resulted in
the loss of toxle and immunogenic properties, Neter et al (90) had
previously shown that treatment of the lipopolysaccharides from E. coll

and S. abortus equl with 0.25N NaOH for short periods at 56° did not

result in any alteration of thelr antlbody-neutralising potency, toxiclty
or pyrogenicity, but increased thelr ability to modify erythrocytes for
haemagglutination studies. Longer periods of alkall treatment

resulted in a marked loss in toxleity and pyrogenicity. An iInteresting
finding of these workers was that periodate oxidation of E, coli
1ipopolyaaeqharide gave a compound of low toxlecity and high pyrogenicity.
In this Instance, the capacity to neutralise antibody was almost come

pletely abolished.
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These results demonstrate that not only is 1t possible to alter
the immunological properties of endotoxins independently of thelr other
blological effeats, but that the toxlc effeets of lethality and

pyrogenleity can be altered with respect to one another.
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SECTION 1.

CHARACTIERISTICS OF THE STRAIN OF PSEUDOMONAS AERUGINOSA USED IN THE

PRESENT STUDIES.

The organlsm was one of several strolns of Ps., aeruginesa available
In thls cellege, and it was selected ofter rough teats on autoclaved |
cultures showed that it ellecited a mavked pyrogenic response when injected
into rabbits.

It was o motile Gram -~ve vod showing a single polar Tlagellun,
produelng pyocyanin on Meader's medium ond pyoverdin on Georgio and Poe's
medium. It formed aecid from glucose, sucrose and mannitol, but not
from maltose. There was slight acid production from lactose. Uhen
grown in B,C.P, milk, acld was produced and a clot formed. The lMethyl
Red teat wosn -ve after 3 days ond the Voges-Proskauer test wos -ve after
1 day. Gelatin liquifaction was ~ve after 3 days and catalase
production was +ve after ) day. Nitrate was reduced rapidly to ammonia,

no nitrite being detected.

then grown in liquid medium at 37°, the strain showed the follewing

characteristics after 1 day.
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Turbidity - +
Degree - Moderate
Nature - Uniform
Deposit - Present
Degree - Slight
Type - Powdery
Shaking - Disintegrates easily
Surfoce Growth = 4
Nature - Pellicle
Degree - Palrly thieck
Surface - Smooth
Shaking - Persistent
Odour - Slight

A strenk on nutrient agar showed the following features when grown

at 370 for 1 day.

Dapree - Voderate
Torm - Filiform
Opacity - Transparent
Strueture - Gronular
dpe - Entire
Colour - Greenish
Flevation - Ralsed
Surface - Moist
Lustre - Shining
Meddum - (ireenish

The subsequent work described in the experimental sections was
carried out en a single boteh of cells (G3hg) grown at the Antibiotics

Researeh Station, Clevedon, as detalled below.

Seed Culture.
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Seed Culture.

The ermanism was subcultured on 1 oz. nutrient agar slopes which

were incubated at 37°.

Medium,

Unless otherwise stated the medium used throughout was the

following:
Yeast extract (Difeo) 0.5g
Sedium cltrate 1.0
Tap water 100m1

Medium adjusted to give pH 6,6-6.8

Shake TPlask Cultures.

Two 250ml Erlenmeyer flasks centaining 80ml medium were incubated
at 30" on a reciprocating ahakgr for 16 hours. Beth cultures were then

used to :lr;oeulate a stirred serated aspirator culture.

Jtirred Aerated Aspirator Culture.

A 10 1., Pyrex asplrator containing 8 1. of medlum was stirred .
ot 300 wp.m. (large paddle), aerated at 3 l.p.m. ond incubated at 35°.
The 1ncuba’cion was continued for 8% heurs during which time a growth
curve wos obtained by measuring the optlcal deasity of the culture with
a 'Spekker'. At the end of this period the asplrator was stored over-

night in o refrigerator at 4°,



TFinal Fermentation.

A 100 gallon stalnless steel fermentor containing 320 1., of
mediun was ineculated with 8 1. of aspiretor produced culture. The
vessel was stirred at 100 r.p.m., serated at 6 cu. ft. and ineubated
at 37° for 8 houra. The pattern of growth was similar to that of the

asplrator.

Preparatlion of Dried Cells,

The culture 520 1. was ceoled with brine to 0® and held evernight.
The next doy it was passed through a Sharples centrifuge and the
effluent discarded. The packed cells were macerated in acetone which
had been cooled tt_) approxinately -5°. filtered through Green's 904
filter papor and then again subjected to a farther treatment with acetone
ete. The resulting cake was erumbled and allowed to dry overnight at
aly temperasture. Finally, the cells were lightly greund in a mertar
and pestle to break the larger portions and dried under vagdeuum over

PQOs L]
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SECTION 2.
TR AR

EXTRACTION AND INVESTIGATION OF THE LIPOPOLYSACCHARIDE,

The aim of the experimentsl work deseribed in this Seetion was to

iselate the lipopelysaccharide from the selected strain of Pseudomonas‘

aeruginese and to characterize it by examination of certain chemical and

biolegical properties.

Iselation of the Lipopolysaccharide.

Acetone-dried cells (10g) were suspended in 350ml of distilled
woter and the suspensien heated to 67°C. An equal volume of 907 phenol
ot the same temperature was added and the mixture stlrred continuously
for 30 minutes, the temperature being mointained at 65-67°C.  After
cooling to abeut 152 the mixture was centrifuged for 15 minutes at about
25005, and this resulied in a separation into two layers - an upper
aqueous layer and o lower phenol layer, the two being separated by a
navrow band of insoluble material.

The aqueous layer was sucked off, and a further 250ml ef water
added to the Pheriol. This was then heated with stirring untll the
temperature reached G7°, cooled and centrifuged as before, and the aguesus
layer seporated. The two agueous layers were combined and dialysed sgainst

runining water for 2-% days. ‘The opalescent selution thus obtained was

concentrated under vadeuun to abeut 1/5 of its volume, clavi€ied of any/
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any debris by centrifuming at 2500z for 15 minubtes and freeze-dried.

The freeze-dried substance (fraction PE) was a white Fluffy
powder and wos ebtained in amounts equivalent to 14=187 of the weight
of the acetone~dried cells; ylelds frem four different batches were
1.41g, 2.88g, 1.60g and 1.7igz.

Exoninatlion of Froctien L,

Certaln properties of fractien 'l were examined to determine
whether or not 1t contained the endetoxie lipopolysmaccharide., These
propertles were conatituent sugars, lipid content, pyrogeniecity and

reactivity in the agor preclpitin test.

1. Sugava.

A sample (20mg) of PE was hydrolysed by heating for 3 hours in
N sulphurie acid in a bolling water bath., The hydrolysate was
neutrallised with barium hydroxide solution, and after centrifuging to
remove the prescipltated barium sulphate, it was evaporated to dryness
under vacouum. Two drops of distilled water were added and examination
of the solution fer the presence of sugars by ciroular paper chromatography
ghowed that it contalned large quantities eof ribese along with galectose,

glucose and mannose - Figure 1.

Full detolls of the chromstographic procedure wre given in the

Appendix.
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I.

Chrcmmtogrmm of a 3 hour faydroljaato of fraotlou
PS la N Hg30% H ¢ hydroljoato 8- standard
mixture (galaotoee, gluooee, mawnoeo, riboeo and
rtuunMso - in order of inoreaaing Rf)

Solvent - Dbutanol, pyridine, water

Spray - aniline phthalate
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2., Lipid Content.

The agmount of lipid present was determined gravimetrlceally by
Bydrolysing 50mg of fraction PE for 1 hour in 10ml of N hydrochloric
acld in a beiling water bath. This resulted In the fornmlation of o
flocoulant preeipltate which was extracted with three 20ml portiens of
chloreform. After drying the conbined chlorofomn extracts to constant
welght ot 80°, fraction PE was found to contain 13149 chloroform=

soluble material.

The hydrolysis was repeated with a further 50mg of PE and the
golution extracted three times with 20ml of diethyl ether., The ether
extracts were dried over anhydrous sedium sulphate then evaporated to
constant weight ot 80°,  The amount of ether~soluble lipid present was

24w (4.8%)

Be ”E b4 N&Qﬂ".@i’bz -

e effect of the material on the temperatures of rabhits was
exomfned after injection of solutions in sterile pyrogen-free saline.
An average moxinum temperature inoresse of 1.0% was elicited after
injection of 0.0lpg/kg into 10 rabbits. Detoils ef the teating procedure
ave glven in the Appendix.

L., Agar Preclpitin Test. /




L, Apar Preeipitin Test.

When an aquéouz solution ef PE was examined by the agor double
diffusion teehnique agolinst an antiserum prepared against the whole

cells, three precipitin lines were formed -~ Tlgure 2.

The plate was photogrophed after stending for 24 hours at room
tenmpevoture and observed for s further 7 days. No additienal lines
appeared. Detalls of the preparation of the antiserum and the agar

plotes are glven in the Appendix.

5. Nueleic Acid.

Tn the use of the hot phenol, method for the extraction of bacterial
endotoxing, 1t 1s commonly found that the product is conbamlinated with
lorge amounts of nuclelce acid. The detection of ribose in hydrolysates
of fraction PE suggested the presence of RVA in this meterial, and when
solutlions were examined in on Optica CFI spectrophotometer the absorption
spectrum showed a marked peak at 260mp - also indicative of the presence

of nucleic acid - Figure 3.

Trom a callbratien curve of yeast nucleic acid, the nuoleic seld

content of fraotion PE was emtimated to he about S4%.
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Conelusion.

These results showed that the extract obtained by treating the
cells with hot agqueous phenol had some of the characteristic properties
of the lipopolysaccharides of Gram -ve bacteris and it was therefore

considerad a sultable material for further study.
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FURIFICATION OF FRACTION PR

High~speed centrlfugation has been used successfully by several
workers as a method ef sepavating lipopolysackharide from the nuecleic
arld which 1s commonly present In extracts obtained by the hot phenol
‘method, and it was decided to attempt a purification bf fraction PE by
this method.

A 1% selution of fraction FE was clarified by centrifuging for
30 minutes at 2500g, and the supermatant centrifuged for three hours at
105,000z in a Spinco Model I, Ultracentrifuge. The deposit, which was
In the faﬁn of a translucent pellicle, was resuspended in 50 ml of
distilled water and 5ml of this solution was freeze-~dried. The
absorption spectrum of a solution of thls freeze~dried material showed

that the nueleic acid content had been reduced from 54% to about 407

Repeated centrifugation resulted in a further decrease in the
nucleic acld content of the deposit and it was found that after four
sedimentations the nuclelc acid had been remeved completely (l.e. no peak
at 260mp) - Figure 4. The depeslt after the fourth sedimentation was
suspended in 100 ml of water and freeze-dried.

In several repeats of the extraction and purificatlon procedure this
macleic acld-free fraction, which is subsequently described as fraction
PE/SP, was ebtalned, in yields of 2-4% of the weight of the acetone-dried
bacterial cells.
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The estimates of the nucleic acid content were obtalned from a
calibration curve of yeast nucleic aecld after subtracting the residual
absorption at 200mp of a selutlon of 100pg/ml of the purified material
(PE/SP) from the absorption at 260mp of 100pg/ml solutions of the
various fractions. The assumption that the absence of a peak at 260mu
indicated freedom from nuclelc acld was supported by the fallure to

detect ribose in hydrolysates of the purified maberial.

When the material in the supernatant from the first high-speed
centrifugation was tested for pyrogenicity, amounts of 0.0lug/ke caused
a temperature increase of 0.8° (average of 7 rabbits). Paper
chromatographic examination of a sample (20mg) of the freeze-dried
supernatant hydrolysed in N sulphuric acid for 3 hours showed that it
contained mainly ribose, along with mennose and traces of galactose and
glucose, « TFigure 5. (the traces of galactome and glucose are not
visible on the photograph). Traces (about 27) of chloroformesoluble
1ipid were detected after hydrolysis of the supernatant material in N

hydrochloric aeld for 45-60 minutes.
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PROFPERTIES OF FRACTION FE/SP

A. CHEMICAY, PROVERTIES,

Tha values for nitrogen and phosphorua and the content of amino
magars, redueing sugars ond ochloroforn= and ether-goluble lipld are

shovn in Table 6.

TABLE 6.
LIPID (%)
N (%) P (%) AMINO SUGAR (%) mmuc:(tgrf%% SUGAR UTHER-SOL. CHLOROF-SOL
70
2,4 2,0 7.5 31, 15 %8

Nitropen was estimated by the micro-Kjeldahl metheod, and phoesphorus
by the method of King (91). Amino sugars were determined as glucosamine
hydrochloride by the method of fionila and Mergan (92) on samples of the
material which had been hydrolysed ioy heating in a sealed alﬁpoule at
100% in 6N hydrochlorie acid for perieds of 1,2,3,4,5 and 6 hours.

The meximun value {7.5%) was obtained after four hours hydrelysis.
Reducing sugars were estimated by the method of Shaeffer and Somogyi
(93) on samples hydrolysed by heating in sealed ampoules at 100°C in
N hydrochlorie seid for 1,2,4,6,8, and 10 hours. Using glucose as a

standard, a reducing sugar curve was drawn and is shown in Figure O.
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The etheor and chlovoform soluble lipid values were determined

gravimetrically en 50ug samples os desceribed above for fracbion PE,

SUGAR ANALYSIS.

Chromatography.

When chromatograms of a 5 heur N sulphurle acid hydrolysate of
PE/SP (20mg) were sprayed with cniline phthalate, two compenents

correspending to galactose and glucose were detected - Flgure 7.

A 30 nlnute hydrolysate of Fi/SP showed the presence of galactose
and o swall amount of glucose - Figure 8. Theve was also a faint bend
with an Rp less then that of galectose, and a wmore pronounced band which
ron between nmannese end wibose. This latter substance gave o red colour
with anlline phthalate slmilar to that produced by the pentese sugars

and it had an Re which was very close te that of xylose.

Both hydrolysates gove negative results with the oreilnol-
triehloracetic acld reagent for ketosugars (O4) and the vanilline

perchlorie acld resgent for deoxy sugers (95).

Dische Reaction./
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Dische Reactien.

A selution of fraction PE/SP containing 0.5mg/ml was examined by the
sulphuric acid-cysteine rveactlon of Dische (90). 1ml of the solution was
cooled on ice, then 4.5ml of strong sulphurie scid (sulphurie aeid GOml,
wateyr 10ml) were added. The mixture was kept for 3 minutes on ice, then
for 3 minutes at room temperature and finally for 3 minutes in a boiling
water bath., After cooling to room temperature, 0.lml of a 37 aqueous
selution of oysteine hydrochloride was added and the tube carefully shaken.
The ahsorption of the selutlon in the range 3T0mp to 550mu was measured
after 1 hour and 20 hours in a Unicam SPE00 spectrephotometer azainst a
blank containing acid, cysteine and waoter. Figure 9 shows the absorption
spectra ebtalned. The absorptlon meximum at «410mp indicated the presence

of hexose, and the peak at 505-510mp is charoeteristic of heptoses.

The chromptographie examinatlon descrlbed above gave no indleatlon of
the presence of a heptose in the hydrelysates, bhut eimce some of the
aldoheptoses have Re values which are close Lo those af galactose and
glucose, the possibility of the heptose belng masked on the chromategram
by either of the hexoses was considered.

Descending strip chromatograms of the ¥ hour hydrolysates were rm
using the butanel, pyridine, water solvent system, and by the use of
guide strips stained with aniline phthalate, the area of the strip
occupled by glucose and goalactose was located. This area was cut from
the paper, shredded, and the sugers eluted with 2ml of distilled water.
The/
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The solution was passed through a sintered glass filter to remove paper
Tibres and examined in the sulphuric acide-cysteine reaction, using as a
control an equal aren of the paper which was free of hydrolysate material.
Tigure 10 shows that the combined gluecose and glactose eluste gave the
characteristic sbsorption spectrum of hexeses but showed no pesk at
505-510m. Vhen an eluate from the origin point of the chromatogram
was treated In the same way there was a low level of chromogen formation
in the Dische reaction, but a definite peak appeared at 505mp between

1 hour and 20 hours. When the experiment was repeated with the 30
minmute hydrolysate, an eluate of all the material within the range of
galactose to ribose gave an absorption spectrum with a maximum at 410mp

but ne peak at 505::,;.

The possibility was then considered that the duration of hydrolysia
had not heen long enocugh to release the heptose from the polysaccharide
and 20mg ameunts of fraction PE/SP were hydrolysed in N sulphuric aeid
for 5, 10, 15 and 20 hours. Although only twe banda correspending to;
galactose and glucose could be detected on circular chromatograms of these
hydrelysates, eluates prepared from strip chromatograms as described
above and examained in the Dische reaction showed that with inereasing
hydreolysis time there was an increase in the release of heptoae, and
that the heptose was closely associated with glucose on the chromatograms-

Figures 1l-14.

As/
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As the 20 hour hydrolysote still goave a negatlve reaction with
the ominol-trichlorﬁcebio anld reagent 1t was coneluded that the

heptose was an aldoheptose,

AMINO SUGARS AND AMING ACIDS.

The lipepolysaccharide (PE/S0 20mg) was hydirolysed for 8 hours in
N hydroehlorie oeid at 1009,  ‘The h:,rdi:*olysata was centrifuged and the
supernatant dvied under vacwum. Distilled water (Iml) was added and
the solution dried in o vacuum deslccator over sedium hydroxide,
Af‘i:er the addlition of two drops of water the hydrolyaate was examined
by eireulsr paper chromategraphy using two zolvent systems: bubanol,
pyvidine, water (3:2:1.5 by volume), and butanol, acetic acid, water
(4:3-:5 by volume, upper layer), ‘The papers were sprayed with 0,27

ninhydrin in water-soturated butanol then hested for 10 minutes at 95°C.

Several ninhydrin positive bands were ebtained, two of which
correspmnded to sbandards of glucosamine and galactosamine - Figures
15 & 16. ILthanelamine was also detected along with the following
amine aecids: leucine, methionine, alenine, glycine, glutamic acid,
aspartie acid and lysine. Iwo hands were not identified, In
butanol, acetle acid, water, one of these ron between methienine ond

leucine, the other had an Ry less then lysine.
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Because of the difficulty of'aehieving satisfactory resolution of
" glucosamine and galactosamine and also because of the danger of
mistaking an amino acid for an amino sugar, the hydrolysate was subjected
to the ninhydrin degradation procedure of Gardell (97) which converts
the amino sugars to the corresponding pentoses. After the addition
of 2.5ml of distilled water to the hydrolysate the solution was
neutralised to pH 7 with pyridine. Approximately 4mg of ninhydrin
hydrate were added, then the solution was heated for 30 minutes in a
boiling water bath and evaporated to drymess under vacuum. ‘
Chromatograms of a solution of this product in two drops of distilled
water showed the presence of arabinoze and lyxose -« pentose dérivitives

of glucosamine and galactosamine respectively - Figure 17.
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LIPID ANALYSTS.

1. CHLOROFORM SOUIBLE FRACTION.

30mg of the lipopolysaccharide (FE/SP) were hydrolysed for 1 hour
with 5ml of N hydrochloric acid and the liberated 1lipid material
extracted by shelking the hydrolysate with three 10Oml portions of
chlox*ofomﬁ. The combined extracts weve filltered and the chloroform
removed by heating at 80%c. The reaidue was then hydrolysed by heating
for a further 8 hours at 100°C with 5ml of 6N hydrochloric acid and,
after cooling, the solution was extracted three times with 20ml of ether.
The extract was evaperated to dryness and the residue disselved in 0.2ml
of benzene. This portion of the hydrolysate was exemined for the

presence of fatty acids by circular paper chromatography.

The aqueous part of the hydrolysate wss evaporated to dryness under
vacéuum, disselved in 1ml of distilled water then dried over sodium
hydroxide in a vacfuum desiccator. After the additien of two drops of
distlilled water this portion was examined for the presence of amino sugars

end amine acids.

Fatty Acids,.
Tatty adlds were identified by paper chromatography using a

modification of the copper-ferrocyanids method described by Newoiny et
al (G3), in which the cepper salts ef the acids formed by immersing the

papsr in a selution of copper acetate were visuallzed by subsequently/
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subsequently dipping the paper in a 0.1% agqueous solution of sodium
diethyldithioccarbamate. The brown chelation product‘i%with the copper
was found to give a bétter contrast than the red coleur obtained when the

copper salts react with ferrocyanide.

Unsaturated fatty acids were deteoted by the permmanganate~benzidine

reagent. Tull details ef the procedures are given in the Appendix.
Results,

Tour main bands were found on develepment of the chromatograms -
Figure 18. Three of these corresponded to arachidie, palmitic and
myristic acids, while the fourth, which ran outside capbio aecid, had the
gsame RE as /3 ~hydroxy myristic acid (not included in the standard
mixture shown in the phetasraph) o« There were alse faint lines
corresponding teo cepric and lauric acids and a very slow moving compenent
which may be lignoceric acid (no standard lignoceric acid was avallable

for compadison).

then the chrematograms were developed with the permanganate-
benzidine reagent for unsaturated aclds, two bands appeared - a faint one
with the same Re as oleic acld and a mere dilstinoet band with an Re
slightly greater than that of linoleic acid.

The same fatty acid pattemn was found when 20mg of FE/SP were/
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were hydrolysed for 8 hours in GN hydrochloric acid without preliminary

geparvation of the chloroform-zoluble lipid.

Amino Aclds and Amino Sugars.

Chromatographic exemination of the agueous portion ef the hydrolysate
showed the presence of glycine, aspartic acld, glutamic acid, lysine,
alanine, methionine, leucine, ethanelamine and glucoaamine. No

galactosamine was detected, and after ninhydrin degradation only arabinose

wos present.

2.  ETHER SOLUALE AND ETHER INSOLUBLE, CHLOROFORM SOLUBLE FRACTICNS,

The experiments described cbeve wWere carried :iout en the total
chloroform=soluble materinl, but in view of the appreciable amount of
sther-goluble material present, 1t was decided to repeat the experiments

on the ether-soluble and ether-insoluble chloroferm-seluble fractioens.

50mg of FE/SP were hydrolysed for 1 hour in I hydrechlorie acid and
the solution was extracted three times with 10ml ef ether. The com-
bhined ether extract was filtered, dried over anhydrous sedlum sulphate
and evaporated to dryness. The ether extracted solution was then

shaken with three 10ml pertiens of chloroform and the chloroform extrsct

f1ltered ond dried at 80°, The ether-soluble 1ipid contained 0.8% P and/
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and the chloroform-soluble fraction 1.7% P. The ether-soluble
material at this stage was found to contain appreciable amounts of
myrlistic, palmitle and Behydroxymyristic ascids whon examined by reverce

phase paper chromatography.

Both fractions were then heated in 5ml of 6N hydrochloric scid at
100° for 8 hours and examined for ‘the presence of fatty acids, amino

sugars and amino acids.

The hydreolysate of the ether-moluble lipid centained arachidie,
palmitic, myristie and ,B-hydroxymyriatm aclds along with o trace of
laurie seid and possibily lignoceric acid. The chloroformssoluble
froetion conteined p-h:rd.roxy myrigtic, myristiec and arachidlc ceids with

a troce of laurie and very falnt traces of palmitic and lignoceric acids.

No quantitative estimations of the fatty acids were attempted, but
when equivalent amounts of the hydrolysates of the three fractions (totadl
chloroform=gsoluble, ether~soluble and ether-insoluble chloroform-seluble)
were comparsd on the same chromatogram, it was clear that o considerable
proportion of the myristic and B-hydroxymyristic acids, and almost all
of the palmltic acid present in the total chloroform-soluble material

was found in the ether-soluble fraction,

Amino Acids and Amino Sugara. /
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Amino Aclds and Amino Sugars.

The same range of amino acids were found in hoth the etheresoluble
and the ether-insoluble chloroformesoluble fractions as were found In
the total chloroformesoluble materizl. Glucomamine and ethanolamine
were detected in both fractlons, and after ninhydrin degradation of the

hydrolysates, only arabinose could be detected.
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B. BIQLOGICAL PROPERTILS OF PE/SP,

Pyrogenicity.

It has already been shown that the crude material isolated from
the bacterial cells by phenol extraction (fraction Pk - see above)
caused an average maximum temperature increase of 1.0°C when injected
into rabbits in amounts of 0.0lpg(ks body weight. The same amount of
purified lipopolysaccharide (PE/SP) coused sn increase of 1.3°C (average
of 25 responses), ‘The fever curve obtained at this dose level was
typleally of the monophasic type (see Figure 19). Injection of 0. Ipg/ ke s
produced a maximum temperature lncrease of between 1.5°C and 2.0°C, and
‘at this dose level the curve usually showed a pronounced secondary peak

which was reached about 3.5-% hours after the injection ~ see Pigure 19.

When laypger amounts were Injected, the responses of'the Individual
rabblts showed a wide variation and no really typical fever curve emerged.
This 1s illuatrated in Figure 20, which shows the temperature responses

in e group of nine rabbits following injection of 1.Opg/ke of PE/SP.

At o level of 10.0pg/kg the fever curves became more uniform through-
out the group, and were normally of the type shownin TFlgure 19: a
noderate inerease Iin temperature followed rapldly by a prolonged peried
of hypethermis. At this dose level the animals began to show toxic

symptoms, and two of the ten vabbits used in the test died within 2} hours/
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hours of the injection.

Toxlelty.

Toxie sympteoms appeared in rabbits at a dose level of 10,Ong/ks.
The symptoms most commonly observed were excessive urination, partial
paralysis of the rear limbs, and in those animals which survived, o loss

of appetite whilich lasted for several days after the injection.

No accurate estimation of the toxieclty of the lipopolysaccharide
in rabbits was attempted, bult in the few tests made at'higher dose
levels, it wan found that the animals normally suceumbed to amounts of

40-60mg/ kg,

The figures for toxlecity In mice are shown in Table 7. 'The mlce,
81l three months old, were injected through the tall vein with 1ml of a
solution of PE/SP in sterile ssline, and the mortality figures were taken

18 heurs after injection.

Amount of PE/SP injected (mg) Destha.
0.25 1/10
0.5 3/10
1.0 | 4/10
1.5 | 6/10
2.0 10/10

Some/
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Some of the mice which survived 48 hours died within the following
few days, but as these deaths could have been due to secondary or

unrelated causes, they wersz not included.

Tmmunological Tests.

When 0.1%, 1.0% and 24 selutions of PE/SP were tested by the agar
double diffusion method against an antiserum prepaved against the whole
cells, single precipltin lines wers formed - Flgure 21. The plate was
photographed after 24 hours then observed for a further 7 days. No

additional lines appeared.

To determine whether or net the lipepolysaccharide (PE/SP) was
antigenic in rabbits, 1 pas/l«:z amounts were Injected into two animals and
blood samples withdrawn after 7 doys. The sera obtained from these
animals dld not form » precipitin line when tested by the agar diffuslon
methed against a 1% solution of PE/SP. Two rabbits were then injected
three times a .week with amounts of the lipopolymaccharide increasing
from Ipg to 32ug. A week after the last injection blood waes withdrawn,
and when the serum was tested againat a 1% solution of the injected

material a single precipitin line was formed - Figure 22.
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DISCUSSION.

The hot phenol procedure developed by Westphal (11) has been found
to be the most generally effective of the metheds used for the extrzetion
of the éniotoxins of Gram -ve bacteria, and in the present work, it has
been employed successfully for the extraction of the endotoxin of

Pseudomonas aeruginosa. Treatment of the acetone-dried cells with het

phenol, vesulted in a fraction (PE) amounting to 14-187 of the cell dry
weight and containing about 50% of RNA; The presence of nucleic acid
ih phenol extracts at this stage was noted by Westphal (11), and
confirmed by other workers who have used the method (34, 39, 65).

That the extract from Ps. asruginoss also contained the endotoxin eould

be deduced from the pyrogenic reaction following injection ef small
(0.0lpg/kg) ameunts into rabblis, the liberation of chloreform-soluble
lipid material on acld hydrolysis, and the formation of precipitin lines
when selutions were tested onagar gels sgainst antiserum prepared against
the whole (acetone-dried) cells - all typlcal properties of the
endotoxic lipopolysacoharides. The presence of pelysachharide material
was confirmed by paper chromatographic examination of hydrolysates, which
showed the presence of ribose, and the three aldohexoses galactose,

glucose and mannose.,

Repeated high speed centrifugation wasz feund to be effective 1In

gseparating the nucleic acid from the lipopolysaccharide, and by this/
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this method, o ruelele acid={ree lipopolysacchoride was obtained In

yields of 2-4% of the eell dvy weight.

This yleld indleated that either the initial extract (FE), whieh
emounted to 14-18% of the cell dry welght, contoined additlonal
eomponents othay thon nuelele aeld and lipopolysaccharide, or that a
conslderoble proportion of the lipopolysacchavide was ot sedimented
during the high speed centrifugation. Burton (65) has found that the

andotoxin extracted from Escherichla ecolli 0111 B4 contained two

lipopolysoechorides, one of which was sedimented at 80,000 while the
other remained in *bhe supprnatant liguid. In the pregent experviments,
the freeze-dried supematant contained about 2% of chloroform-soluble
(released afber 45«60 minutes acid hydrolysis) and it provoked san
appracishble (0.8°) pyrogenie response In vabbits in amounts of O. Olpg/ke
body weight, suggesting that even centrifugation at 105,000z did net
sediment all the dndotoxic material. However, no further experiments
were carried out to investigate the nature of the pyrogenie substance

remaining in the supernatant liquid.

Apart from llpopolysaecharide and nueclelc acid, lower molecular
welght polysaccharides may occur in phenol extyracts of Gram ~ve
bacteria (19,22,38), and mey remain in the supernatent along with nucleic
aeid afber highespeed centrifugation., If these polysaccharides have
the come composition as the pelysaccharide partion of the lipopolysacce-

heride they can be regarded as hoving been split from the/
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the antigenic complex during the extraction procedure. The findings
detailed above however indicate the presence of two different

polysaccharides in the strain of Ps. aeruginosa used in this work.

Chromatograms of hydrolysates of the miclelc ascld-~-free lipopolysaccharide
(PE/SP) showed the presence of two bands, corresponding to galactose and
glucose, but none of the mamnose found in the crude extract (PE), while
mannose was detected in hydrolysates of the freeze-dried supernatant
along with ribose and smaller amounts of galactose and glucose., The
presence of‘ two dlifferent polysaccharides in a bacterial extraet has
been note@ by other workers. Goebel and his co-workers for example

(13), found that the diethylene glycol extract of Shigella flexner Type

5 (la) contained as well as the somatic antigen, an immmnologically inert
polysaccharide which was apparently a glucan, whlle mannose was found in

the crude extract from the culture fluid of Proteus vulgarls, but was

not present in the purified lipopolysaccharide (106).

The immunologilcal status of the mannose-containing polysaccharide
detected in the present study remains undecided. The crude extract
(fraction IE) formed three precipitin lines against a whole cell anti-
serum, while the purified lipopolysaccharlde formed only. This,
however, could have been due to the presence in the crude material of
lower molecular weight specific polysaccharldes of the same type as that
present in the lipopolysaccharide, and does not necessarily mean that

the mannose=-containing material was immunologically sctive.
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The purified material obtained In yilelds of 2«44 of the dry
welght of the cells is fairly typical of the lipopolysaccharide
endokoxing which have been extracted from other Gram -ve bacteriai in
both 1ts overall chemical constitution and its biolegilcal properties.
There wers, however, two points of particular interest in the chemical
nature of this material. Although Maclemnen (39) found that the

lipopolysaccharide from Bomdetella bronchisepticus released sbout 13%

ethor-soliible 1lipld after acetic acld hydrelysis, the lipid material
(1ip1dA) redeased from bacterial endotoxins after short acid hydrolysis
1z usuelly deseribed as being szoluble in chloroform and pyridine, but
insoluble or not apprecisbly soluble in other 1lipid solvents (16).

However, while short hydrolysis (45«60 minutes) of the Ps., aeruginoso.

1lipopolysaceharide in N hydrechloric acid gave 38% of a chloroferme
soluble material 1t was also found that 157 of the material released on
hydrolysis was soluble in ether. Ik 1s clear that there can be a
varlation 1n the extent to whieh lipld A prepavations from different

lipopolysacehorides dissolve in solvents other theam chloroform.

Nowotpy has found 30«40% of the lipid A from E. coli to be made up
of free fatty acids (64). 'The ethar-soluble material from Ps.

oeruginosa contalined apprecisble amounts of free myristic, palmitie and

p-}mmxmwristm aclds, but further hydrolysls resulted in the releose

of additional fabtty scids Indicating that it almo contained intaet lipld.

Both/
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Both the ether-goluble and the ether-insoluble chloroform-soluble

lipid fractions from Ps. aeruginosa were found to eontailn phosphorus,

glucosanine and several amino aclds as well as a series of long chain
fatty acldas., MacLennan also found hexosamine in both the dther-

soluble and chloroform-soluble lipids from B. bronchisepticus, but

apparently no aminoe aecids were detected in hydrolysates of these
substances. He found amino aclds in the ether- and chloroform-
insoluble residue and consldered that these might account for all the
ninhydrin positive substances (other than hexosamine) detected in
hydrolysates of the total lipopolysaccharide. Nowotny however (64)
detected amino aclds associated with the purified lipid A fraction from
E. eoll, and Westphal has found that all the lipid A preparations which
he has examined contained one or both of the amino‘dicarboxﬁlic acids and
one or two additional amino acids (37). Burton, on the other hand,
considered that glucosamaine could account for all the ninhydrin positive
material in hydrolysates of the purified lipid A from E. coli 0111 BY,
These results need not be regarded as confllcting unléss it is assumed
that the lipld portions of lipopolysaccharides from different hacteria
should have a ¢lose similarity. Nowotny has pointed out that the lipld
A from E. coli contains several different components (64), so that even
if there is a commen 1ipid fraction which is present in all endotoxins
and is responsible for certaln of the non-specific biological effects,

it is pomsible that the composition of the rest of the lipid shows a

variation from one organism to another. More work will have to be/
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he done on the analysis of lipid fractions of endotoxing hefore thisn

questlon con be oncwerad.

The other point of particular interest was the detection of an

aldo=-heptose in the lipopolysaccharide from Ps. aeruginosa. One of

the dangers of paper chromatographic ldentificatien lies in the tendency
to assume that o aingle spot oy bhand represents a single substance, and
this possibllity is shown in the present work. Hydrolysetes of the
lipopolyzaccharide consistently showed on paper chromatograms only two
bands, corresponding to glucose and galactose. These bands separated
quite cleanly and gave no indicatien of the presence of any other sugar,
and yet when the intoct lipopolysaechm;ida was examined iIn the sulphurie
peid-oysteine test, the spectrum showed the abserption peak at 505ma whiechs
is characteristie of heptoses. DIxtension of ‘the hydrolysis period up

to 20 hours showed that the heptose was released only slowly on hydrolysis
and that on chromatograms 1t had en Rp value very close to thkt of

glucose.

Magking of heptose on chromotograms by glucose and goalactose was
found by Salton (98) durlng an investigation of the cell wall
polysaccharldes from several Gramsve bactevis, ond an anslogous situation

hag been reported with the lipopolysaccharide from Pasteurella pestls

1a which the glucose present in hydrolysates could not be detected on

chromatoprams becanse of the presends of loarvge quantities of hepiome

(29). Although the hexoses ond heptoses glve characteristically /
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different colours with reagents such as aniline phthalate and
p-anisidine hydrochloride it is obviously possible for a minor
component to remaln undetected in the presence of an excess of o sugar

of a dlfferent class.

The slow relesse of the heptose from the lipopolysaccharide is a
vather unusual feature of this material. A high defree of
resigstonce to acld hydrolysis would be re;fiected in the figure for total
reducing sugars obtained after normal hydrolysis periods. This was

found in the case of the lipopolysaccharide from B. bronchisepticus

which was shown to contain 407 sugar (heptose, hexose and hexosamine)
and yet gave a reducing sugar value of only T% after 24 hours hydrolysis
in 0.5N hydrochloric acild. 24 hour hydrolysates of this material in
N hydrochloric or sulphurie acid gave only faint eolour reactions for
aldoheptose and hexosamine on chromatograms. The lipopolysaccharide

from Pg. seruginoss used in the present study, however, gave a maximmum

reducing sugar value after sbout 6 hours hydrolysis in N hydrechloric
aeid and yet the eluates from chromatograms examined by the Dische
renction showed that the ameunt of heptose released increased as the
hydrelysis was extended to 10, 15 and 20 hours. This could result

from different types of linkages involved in the polysaccharide
gtruoture, or possibly from the presence of two different polysaccharides.
This lotter possibility cannot be ruled out, because the presence of an

additional major polysaccharide component could have escaped detection/
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detectlon In thoe agar precipliin tests, elther through a lack of
reectivity (i.e. baing immmologiecally inert), or through havidg the

sone diffusion rate as the other polysaccharide.

There have been comparatively few studies on the polysaccharide

complexes Trom Usendomonas aseruginosa. Akiya et al (99) isolated a

polysaccharide fom a strain ef Ps. seruginesa (Baclllus pyocyaneus) by

the 5O%Apyridine method of Goebel (13) and found 1t to contaln glucose
and fructose, and Dzulynske and Milkulaszek (45) examined 5 poly-
saccharides from this species by paper chromatography and found galactose
(and/or glucose), xylose (and/or ribose), rhamnose and uronic aecid
present in all five, whille glucosamine was detected in four and mannose
in two of the five. Varrven and Gray (100) reported on a polysaccharide

released from Pa. aeruginosa which was depolymerized by hovine testicular

hyeluronidase but they gave no detalls of the chemical composition of
this substance. In addition to these reports on polysaccharides, Jarvis

and Johnston isolated , from cultures of Ps. aeruginosa, a crystalline

1ipid composed of L-rhammose and B-Ol-decanolc acld (r01).

The only other detalled studles whlech have been earried out on the

endotoxin of Ps, aeruginoss however are those of Naol, Egeml, Hemamura /
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and Homma (34, 102, 103), who investigated the material from autolysed
cultures and the extrects obtained from the bacteria by the use of the
trichloracetic aecid and hot phenol extraction methods. The
lipopolysaccharide obtained after phanol extraction differed in several
woys from that described in this work. The total reduecing sugar value
of both preparations was sbout the same, but the sugar pattern found

by these workers was quite different from that found in the present
Investigation - the sugars ldentified belng galactosamine, glucose,
arabinose, ribose and rhammose, That there should be differences noted
In the polysaccharide composition 1s not in itself surprising. It is
known (104, 105) that Ps. aeruginosa can be classified Into at least six

seroiogieal groups, so that variations in the composition of the
polysaccharide portion of the antigen might be expected. It is
surprising however to note the inclusion of ribose as a constituent

sugar of the lipopolysaccharide. As mentioned in the Introduction, the
detectlion of ribose 1s normally an indication of the presence of RNA in
the extract, but Nalo and his co-workers found that the UV apectrum of
thelr lipopolysaccharide showed no sign of the presence of nucleic acid
and they concluded that ribose formed part of the specifie polysaccharide.
These authors did not comment on this unusual finding, and 1t will be
interesting to see 1f ribose is detected In the endotoxins from other

strains of Ps, aeruginosa.

Al11 lipopolysaccharides so far investigated have been found to /
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to contailn amino sugars, but although glucosamine and galactosamine

may both oceur in the compiste lipopolysaccheride only glucosamine has
been detected in the lipld, of which it appears to be a normal
constituent(40). Both of the amino sugars were found in the
lipopolysaccharide in the present investigation and glucosamine but

not galactoaamémfevms detected iIin hydrol;raates of the lsolated 1lipld
fractions. Nalo et al. however found galactosamine but no glucosamine
in thelr lipopolyuacohariic but tney did not say whether or net this
amino sugar was detected .In the lsolated 1lipid. The absence of
glucosamine 1s particularly interesting because of its importance in the

suggested stmoeture of 1ipld A proposed by Nowotny (64).

The blologleal properties described in the present work show that

the lipopolysaccharide from Ps. aeruginosa produces effeots which are
typlcal of bacterisl endotoxins. Rabbits mapondéd to Intravenous
injection of 0.0lpg/kg with a temperature rise of 1.3° indicating a
pyrogenic potency of the same high level as that of other preparations.
The pattern of fever curve produced by different amounts of the
lipopolysaccharide showed a definite variation. At O.olpg/Kg the
curve was of a monophaslie type while at a hilgher dose level of O.l}:g/Kg
a double pealiwas usually found. When the amount was increased to
10,:;/1{3 an entirvely different type of corve was obtained in which a
moderate ingrease in temperature was followed by an extended period of

hypothermia. This pattern was regularly obtalned when rabhits were/
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were Injected with this amount. At an intermediste dose level of lpg/
Kg the responses of the Individual animals showed a wide variation and
1t was impossible to establish a typlecal fever curve. Two of the
rabbits given 1 pg/Ke showed smaller temperature inereases then any of
the ten animals which received 0.lpg/Kg and the average maxinum
temperature of the 9 rabbits given 1.0pg/Ke was the same as the average
of those given O.lpg/l(g. This is not in agreement with Westphal's
observation that the pyrogenic response to endotoxins becomes

progressivly stronger as the dose is increased up to a lweel of 1.0pg/Kg
(16).

No precise estimate of the toxleity of the lipopolysaccharide in
rabbits was attempited, but it was found that the anlmals normelly died
after injection of amounts of 40-60ug/Kg. Toxieity experiments in mice
showed that 1007 mortality was not reached until the dose approached 2 mg.
Indotoxins have generally been found to be lethal in rabbits at a level
of 20-100pg/Kg., but normally the toxleity in mice is higher than that
found 1in the present experiments. TFor example, the lipopolysaccharide

from B. bronchisepticus was lethal to mice Iin amounts of 100ug (39),

while the lipopolysaccharide from Ps, aeruginosa isolated by Naoi and his

co~workers (3%) had an ]'.D,_ao in mice of 0.1=-0.7mg. In view of the
suggestion of Schaedler and Dubos (77) that variation in the sensitivity
of mice to the lethal effects of endotoxins may be a feflection on the

extent to which they have previously been exposed to ordinary bacterial /
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bacterial pathogens, it is interesting that a lipopolysaccharide from

Proteus vulgaris studies by Dr. chaw in this college also showed a
rather low toxleity in mice (LDSO 850pg) although rabbits died after
receiving amounts of 20-40pg/Kg (106). This similarity between the

endotoxin from P, vulgaris and that frem Ps. seruginosa may however be

without any significance, and 1t should be remembered that the

suggestion of Schaedler and Dubos has been challenged by other workers
(78).

The lilpopolysaccharide igolated in the present studies was found
to be antlgenle in rabbits, and was in this respect similar to the

lipopolysaccharide from Ps. aeruginosa examined by Homma and his

colleagues (34). ‘There 1s obviously, however, a considerable varistion
in the antigenic potency of lipopolysaccharides isolated from different
organisms. The lipopolysaccharide from P. pestis was consldered to be
o hapten and could be made antigenic by combination with the conjugated-

protein component of the somatic antigen of Shigella dysenteriae, and

the lipopolysaccharide from B. bronchlsepticus was alse thought to bhe

non~antigenic. However, the lipopolysaccharides from P, multoeida (35)

and 8. typhosa (17) were found to be antigenle. Although these results

probebly indleate inherent differences In the immunological potency of
the various lipopolysaccharides, 1t should be pointed out that the

follure to detect speclfic antlibodles may be due to a lack of

sensitivity in the methods employed. Davies for example(22) obtalned/
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obtalned negative precipitin teats after injectlon of the lipopoly-

saccharide from Pasteurells pseudotuberculosls into rabbits, but when

the more sensitlve hoemsgelutination method was used specifle anti-
bodies were detected. EHven the hoemogglutination techniqies, howaver,
will only detect antibody present in amounts greater then 0.0lug/ml
of serun {equivalent to about 10'2 moleoules of ¥ ~globulinfml) (107)
so 1t 1s possible that substonces considered non-sntlgenie moy in faet

be weak antigens and not true non-antigenic haptens.,
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SECTION Je

INTRODUCTION,

One of the mest widely uzed methods for the extractlen of the
0 antigens of Gram ~ve bacterla ls the cold trichloracetlc acid methed
introduced by Boivin thirty yeers ago (5). It is known, however, that
this nethod may net remove all the antigen from the bacterlal cell.
Bolvin found that & second, third and fourth extraction produced additione-
al amounts of antigenic material (26), ond by comparison with the tryptic
digestion method of Ralstrlek and Topley (7) he estimoted that a single
trichloracetic acld extraction removed 60-707% of the antigen (2G).
Sinilar £indings have been reported by more vrecent workers. Davies, for
example, (108) found that trichlorasetic acld extracted less of the O

antigen of Shipella dysenteriae than did dlethylene glycol, and Vebster

et a1 (109) shewed that nfter extracting Salmonella typhose cells with

trichloracetle acld the rescidue was still active in ‘the production of
0 agglutinins, amd they estimated that #pichloracetic acid removed only

207 of the 0 antigen.

If the residue eof the cells lefit after trichloracetic acid
extractlion still contalng an sppreciasble amount of the O antligen, it
should 'be possible, by the use of the more drastic shet phenol method,
t0 extroot from it material which shows the endetoxie properties of the

antigen. It/




Tt was declded thervefore to investigate the effect of trichloracetic

acld extraction on the stralin of Pseudemonas aeruginosa used In this

work, and alzo the effect the acid treatment of the cells had on the
amount and noture of the naterial obtalned by subsequent treatment of

the vresidue with hot phenol.




TRICHLORACETIC ACID EXTRACTTION.

feetone dried cells (10g) were mixed for % houvs with 100ml of
0.25N trichloracetic acid In an ice-water bath and the suspension was
centrifuged for 10 minutes at 2500z. The sediment was wacshed with
100ml of distilled water, recentrifuged and stoved at 4°C. The super-
natont was dilalysed for 2 days agelinst rumning water, olarified by
centrifugation then freese-dried. The yield was 162mg (1.5%). This
material was dissolved in 25ml of distilled weter and fractionated by
the addition of 2.5 volumes of cold ethanoel. The flocculant precipitate
obtained was depesited by centrifugation, reprecipliated at the same
concentration ef ethanol then separated, dissolved in a little distilled

vater and freeze-dried. The yleld was 65mg (0.67) - fractlen TCA/LTH.

PROPERTIES OF TCA/BTH.

ars.
Sugars

A sample of TCA/ETH (20mz) was hydvolysed for 3 heurs in N sulphurie
aeld at 100°¢, and the hydrolysate examined for the premence of sugars
by elreular paper chromatography as deseribed in Section 2. The hydroly-
sate contoined malnly manmeose along with smaller amounts of galactose,

glucose and ribose - Pigure 23,




Pig. 33

Chro— tngrw of ¢ 3 hour bgrdrel/aato of
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Solvant - butanol, pyridine, water.
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The spectrum obtained when 500ps samples of TCA/ETH were examined
in the sulprhurie acid-cysteine rveactlion shewed an absorption maximum

at #10mp, but no peak at 505m - Figure ok,

FYROGENICITY,

A golution of TCA/ETH in sterile pyrogen~free saline caused an
averoge natinmum _tempemtum inervease of 1.o°c when injected into 10

rebbits in amounts of O.0lpg/Kg.

IVMUNOLOGICAT, STUDIES.

When o 1% solutlon of fraction TCA/LTH was exanined ogailnst a whole
cell antiserum by the agar diffusion methed, two precipitin lines were

formed - TFlgure 25.

An antiserun against fraetion TCA/LTH was prepared by injecting two
rebblts twece a week for 4 weeks with amounts increasing from 1 pg to
52 pg. VWhen the combined serum from thgse vabbits was tested on ogar
plates against a 1% solution of fractien TCA/ETH two precipitin-lines

were formed - Pilgure 25,

Two precipitin lines were formed when frastien TCA/ETH was tested
agoinst the antiserum prepared agalnst the purified lipopolysaccharide

(fraction Pi/SP - Seection 2) - itlgure 26.
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Plge 25# Vraoipltln lines formed by 1/ solutions of
fractions TCa/ TH ar.d TCJi/i~ETH (0.2ml.)

with antiserum to TCa/STH and antiserum to whole cells
(0.2ml1.)

1 — antiserum to whole cells

2 - TCA/ETH

3 - antiserum to fraction TCA/ETH

4 - TcA/PE/ETH



Pig. 26.

Preolpitln lines formed by 1) solutions of

fractions TCa/ETH and PE/sP (0.2ml.) with
antiserum to Araotion PE/SP (0.2ml.)

1 — antiserum to PE/sP

2 - TCA/ETH

3 - pe/sp
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The foct that trlehloracetic acld extrocted an amount of material
equivalent to only 1.5% of the cell dry weight whereas the lipopoly-
saccharide could be ocbtained in yields of 2-47 of the cell weight (Section
?) indiecated that:zn apprecilable ameunt of the éndotoxic substance was not

extracted by the acid.

EXTRACTION OF THE RESIDUE,

The residue from the trichloracetic acld extraction of 10g of acetone=

dried Ps. seruginoss cells was mixed with 350ml of distllled water and

treated with an equal volume of 907 phenol as deseribed in Seetion 2,
The aqueous solution obitalned was dialysed against rumning water for two
days, conecentrated under vacuun to ahout 150ml, clariflied by centrifuging

and freeze-dried. The freeze-dried material (TCA/PE) weighed 320mg.

PROPERTIES OF TCA/FR,

Froeotion TCA/FE contained 2.5% N and 344 ehloroform-soluble 1lipid
(estimated gravimetrically on o H50mg samples as deseribed for PE/SP
Section 2). The abserption spectrum between 220mu and 300mp showed no

peak at 86011’;1 - Tigure 27.

Paper chromatography ef o 20ng sample hydrolysed for 3 hours in N
sulphurie acld at 100%C showed the presence of galactose, glucose and o

trace of mannose. No riboase was detected.
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Chiromatoprans of & samples of 285mg hydrolysed for 15 hours in 6N
hydirochlorie acld showed that the fractioen contained glucosamine and

galactosamine and the same amino acids as wers found in PE/SP (Seetion 2).

PYROGINICITIY,

Praction TCA/PE in amounts of 0.0IWKg canged an aversge moximum

temperature Inorease of 1.0% whent injected into a group of 10 rabbits.

PRECTPITIN REACTION,.

When & 17 solubtlen ef TCA/PE wes exomincd by the agor gel diffusion
methed epainst an snélsemn egaingt the whole cells, three precipltin

lines were formed.

TFRACTTONATION OF TCA/PE.

A foy fractionmbion experiments wers earried oub on TCA/PE using
eold othanol (-10%C). Tt wes found that o concentration of 45507
precipitated about 704 of the material. Some of the properties of this

fraction -« TCA/TPE/ETH eve glven below.

PROPERTIES OF TCA/PE/ETH,

The Traotion conbained 2.4% N, and 2.0% P.  The reducing sugayr

value was 287 and 1t contained 35% chloroformesoluble lipid.

SUGARS./
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SUGARS .

Paper chromatographic examination of o 20mg sample of TCA/PE/EIH
hydrolysed for 3 hours at 100° in I sulphurie scid showed only two bands,
corresponding to galactose and glucose, end no evidence of the msnnose
present in fraction TCA/FE. The reactlon with sulphurice acid-cysteine
(Dische) gave an shaorption spectrum with peaks at 410mu and 505m1 -
Figure 28.

PYROGENICITY,

Injection of 0.0lpg/Ke of fraction TCA/PE/ETH, coused an avevage

maximun temperature inerease of 1.2% in 6 rabbits.

PRECIPITIN THST,

When a 1% solutlon of fraction @A/PE/ETH was tested agalnst the
whole oell antiserum on agar gel, a single precipitin band was formed
rapldly and a second falnt precipltin line developed after standing for
two or three days -~ Plgure 25. (The faint line is not visible in the
photograph). Traction TCA/PE/ETH also reacted with the antiserum against
fraction TCA/ETH - Figure 25,
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THE NUCIEIC ACID CONTUNT OF TCA/PR

The absence of nucleic acld from this fraction, shown hy the fallure
to detect ribose in hydrvolysates and by the absence of an shsorption peak
at 260mp when a solutlon was exsmined in the spectrophotometer, was of
considevable interesi as it has been shown In Sectlon 2 that the moterial
found in the'aqucous loyer after direct phenol extractlon centained lavge

auantities (¢ 50%) of nuelele aoild.

Examinetion of the trilchleracetic acid-soluble fraction (fraction
TCA) showed thaot it contained only sbout 5% of nucleic acid, but in an
experiment in which the aeid extract was dialysed for 24 hours against
ddstilled ﬁater. it was found that the di&lysate contalned material with
on Epax oFf 260mu.  No quentitatlve estimation of these dlalysable nucleic
acld fractiens was aﬁtempted, but that they 4id not account for all the
cell nuecleic aeld was shewn In an experiment in whiech 103 of acetone-

dried Pg. aerupinoso was subjected to repeated extraction with

trichloracetic acid. Table 3 shows the amownts and nueleic acld contents
of the successlve fraoctions obtained by thirteen extractions. ( The
purpose of this experiment was to see if repeated extrootion with

trichloracetic acld weuld remove all the endotoxin from the cell)

TABIE 8. /




TABLE 8.
TCA Extraction 1 2 3 4 5 6 7 8 9 10 11 112 13
Weight (ug) © 156 36 58 20 95 145 134 107 84 46 58 3/ 23

Nuelelc acld (%) 6 14 27 58 48 71 71 80 T2 80 60 5h

The dlal¥sed acld extraols were freeze-dried without prior
fractionation. The nuclele acld content was estimated on solutions of
50 or 100pe;/ml from a calibration curve of yeast nueclele acid, assuming
the absorption at 2 to be due solely to the nuecleic acld present in

the froaction.

Aa ghown in Table 8, the non-dialysable mucleic acid content of the
trichloracetic acild-soluble Tractions inereased after the flrst extract-
fon, Indleating that s single trestment of the dried cells with acld 4id
not result in the release of the total cell nuclele acid as dlalyssble

fractions.

The residue left after the 13th extractlion was washed with distilled

wober and stored in the refrigerator.

Trom these resulis, 1t appeared that when the residue left after a
single trichloracetic acid extraction of the cells waas treated with hot
pheneol, the nucleic acld nust elther have been present in the aqueous

phage as dlalysable froetions, er have been retalned in the phenol layer.
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When the aqueous phase (after removal of the phenol by shaking with
dlethyl etMer) was examined in the spectrophotometer before dialysis,
there was no peak at 2»260rrp, and no ribose could be detected in hydroly-

sates of the undialysed aqueous layer,

Aceording to Westphal (11), the treatment of Gram -ve cells with
hot 45% phenol results in a separation of the deoxyribonuclele acid from
the ribonuclelc acid - the HNA appearing with the lipopolysaccharide iIn
the aqueous phase while the DNA remains in the insoluble residue in the
phenol layer. If, therefore, as a result of prior extraection of the
cells with trichloracetic a,cid, the RNA remelned in the phenol layer, 1t
should be possible to show this by the presence of ribose in hydrolysates
ot the material present In the phenol. The followlng experiment was

carried out to check this possibllity.

Acetone-dried cells (5g) were extracted with trichloracetic aocld,
as deseribed sbove and the residue treated with phenol as deseribed in
Section 2. A secomd sample of 5g was treated with phenol without prior
extraction with trichloracetie aecid. After careful removal of the
aqueous rhase, the phenol layers were thoroughly atirred and S5ml portlons
of each were mixed with 5ml of N sulphurlc acld and heated at 100° for
one hour. After cooling, .the phenol layers were separated and the acld
solutions extracted with dlethyl ether then neutralised and preparved for

chronatography.
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Chromabograms of these solutions showed that when the bacterianl cells
ware treated with phenol alone, only a tface of vibose ococurred in the
hydrolysates of the material present in the phenol layer, bhut when they
were first extracted with trichloracetic aeld, the phenol layer cone

talned large gquantities of ribose - Figure 29,

It was also shown thal in the latter case, the ribose was present

in bound form, since 1t could not be detected without prlor hydrolysis.
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Pig. 29 Chremmtqgrmm of hpirolyomt## of th# mmtorlal from
ttM phonol phaso aftor phoool extrmotlom
H - oellm pzwloualar extrmoted with TCA
e colla troatod with phonol alono
8 - atondard augara (galaotoao, gluocoao,
ménmomm, riboao and rhamaoae)
Solvant - butanol, pyridine, water

Spray - aniline phthalate
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T EPFRCT OF BOMBINED TRICHLORACETIC ACTD EXTRACGTTON AND PHENOL

LXTRACTTON .

ON ESCHERICHIA COLL AWD PROTEUS VULGARIS.

The pesulits glven above with Pgeuwdomonss aeruvginesa showed theb by

the use of benbined trichloraecetle aeid and phenol extraetlon 1t was
poasible o obbaln an endetexin whieh was not eontaminated with large
amounts of meclelie acld., As the complete separatlon of nuelele acid
from the lipopolysaccharides obtalned by phenol extraction alone can be
a lengthy procedure Involving repeated high speed centrifugation, salt
or polvent fractlonabtion, 1t was considered that this was a useful
modifleation ond a few cxpevimenis wove carvled to see if similar
vesulto wore obbtalned vhen other speelces of Gram -ve basteria were

subJeeted to tho combined oxbraction procedure.

Somples (103) of dried Probcus vulgaris and Egeherichia coll 0111

wore exbracted with trichlorvecetic acid then with rhenel as described
ehove. The aguecus loyers from the phenol extractions were dislysed,
claviflied and freeze~dricd. Toble 9 shows some of the propertien of

thease oxiractbs.

TADIE O. /
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TABLE Q.
“ *
Yield (mg) Nueleie acid (%) Pyyegenicity
P, vulgaris 270 0 1.4
. eoll 0111 260 0 0.8

*  Average maximum temperature increase of 10 rabbits after i/v injection

of 0.0 ug/kg.

When the procedure was repeated en a cecond bateh of 10g of Proteus

yulgarls the yleld was similar but in this case there was a trace (¢ 2%)

of micleic acld in the extract.

When these bacteris were extracted with phenel without priok treate
ment with trichloracetlc acld, the extraects in both cases contained

40504 of nucleic acid.

The results obtoined with these three specles ave sufficiently
slmilar to permlt the suggestlon that the combined trichloracetic acid-
prhenol extraction procedure may be generally effective as a method of

obtaining nuclele acld-free endotoxins from Gram -ve bacteria (110).

TURTHER TNVESTIGATION OF THE TRICHLORACETIC ACID - PHENOL

PROCEDURE.

As plready mentioned in the Inbroduction to this Seetlen, Boivin/
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Boivin found that a second, third and fourth extraction with
trichloracetic acld removed additional amounts of antigenic meterial.

He made no observations, however, on the endotoxiec activities of tho
residuen. In this Section, it has been shown thot a single extractlon
wlth trichloracetic acid left a considerable amount of endotoxin in the
residuo, and 1t seemed of Interest to invesbtigate the eoffect of muliiple

extraction with trichloracetlc acid.

The experimeni shove was, thervefore, carrled out in whieh 10g of

dried Ps. seruginoss cells were extracted thirteen times with cold

trichloracetic acld. This procedure extracted o totel of 1.07g of
materisl (10.7%) of which approximotely half was nucleic acid (see

Table 8) .

Chromatograms of hydrolysates from 20mg samples of fractions 1, 3}
5, 7, 8 and 9 in N sulphuriec acid for 3 hours showed that in the firvat
extrach mamose was the prinelpel sugor, in the third only a trace of
mannose was present along wilth gelectoss, glucose and ribese, while
subseguent oxbraots contained goalactose, glucoze and lnereasing amounts

of ribone but no momose.

When tested individually for their fever producing effects, only
the Tirst extraet was found to be markedly pyrogenie -~ an amount of
0.0lpg/ke cousing o temperature inorease of 1.0° (average of 10 rebbits) =

Table 10.
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TABLE 10,

Pyrogenic Effect of I'ractions Obtalned by Repeated Extraction of

Ps, eeruginosa with Cold Trichlorvacetlie Acid.

Extract Temperature Increase (°¢)
1 1.0
2 0.6
3 Ot
4 0.65
5 0.65
6 0,55
7 0.6
8 0.6
9 0.5

10 ’ 0.6
AL 0.6

All frootlens tomted at dose level of O.0lng/kg.

Proctions 1 - 7 average maximun temperature inerease of
10 robbita.

Practblions 8-11 average maxlmnwm temporeture inerease of §
rabblts.

Fraetions 12 and 135 wers nottested.
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Howaver, pyrogenic materisl was still present in the residue left
after the final trichloracetle aocld extraction. This was shown when
the residue was suspended in J00ml of dlstllled wabter and treated with
an ecual volume of 90% rhenel as deseribed in Seection 2. After
dialysis, the aqueous layer was clarified by centrifugation and frecze-
dried. The weight of the material (fraction TCA-13/TE)was 284 mg (2.8%
of the acetone-dried cells). Tt contained about 107 of nucleic acid end

about 35% of chloroform-goluble 1lipid.

A three hour hydrolysate in N sulphurile acld showed thoe presence of
polactone, gluecose and ribose., On injectlon into rabblts, a dose of
0.0lpg/Kg, coused a temperature inerease of 0.9° (avasage maxcinman

Inoreasge of 7 vabbits).

When tested on an agar plate with an antiserum sgalnst the whole

ocells fraction TCA-~13/PE formed two precipitin lines.

It 1g clear therefore, ithat even afiter thivieen extractions with
triohlovacetic acid, o certailn amount of the endotoxin remained
wextracted in the residue., UWhether oy not further extractilon wonld
eventually have removed all the endotoxin is not Imown, but this seems
unlikely, sinee Table 8 shows that by the thirteenth extraction, the

yield had dropped to 0.2% of the dry welght of the cells.

THE FEFFECT CF DIFRERENT TEMPERATURES DURING TRICHLORACETIC

ACTD EXTRACTION. /
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THE_EFEFECT OF DIFFERENT TEMPERATURES DURING TRICHLORACETIC
ACID EXTRACTION.,

To ahtain the mest satisfactory antigen extracts by the
triohloracetic acld method, 1t is appavently Empertant o carry out
the extraction in the cold (109, 112). In the present experiments,
however, in which the procedure was being used as a preliminary to
phenol ﬁrqatmenﬁ for the extraction of the endotoxin, it seemed possible

that »rigld control of temperature may net be so necessary.

Experiments were therefore carried out to compare the results glven
sbove, l.e. when the trichloracetlc acld extraoction was carried out at
2%, with those obtained when the extraction was carried out at room

temperature (e 18°) and at 60°,

Two 10g amounts of dried cells were extracted with 0.256 N
trichloracetic acid, one extraction heing carried out at room
temperature, and the other in a water-bath at 60°. The solutions were
eentrifUQed ag before and the acid extracts dlalysed, clarified and
freeze-dried. The residues were washed once wlth distilled water then
extracted with hot phenol as deserlibed In Sectlen 2. Table 1l chows
the weights of material found in the acld extraet (TCA) and after

phenol extraction (TCA/PE) under the two sets of conditions,

TABLE 1./
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TABIE 1ll.

Temperature TCA TCA/FE.
18° 130mg 53omg
60° 602ms 3T Tmg
(2%) (152mg) (360me (

(For comparison, figures are given of the yields obtained when

the trichloracetic acld extraction was carried out at a".)

The absorption spectra of these four fractions in the range 220:1'91

to 300ma are shown in Figures 30 and 31.

The absence of nucleic acid in the fraction obtained when the acld
extraction was carried out at 60° (fraction TCA=-60), and in the material
from the phenol extractlon of the residue left after the acild extraction
was carried out at roem temperatuve (fraction TCA-18/FE) was confirmed

by the abgence of ribose in hydrolysates of these fractions - Table 12,

TABLE 12./
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TARLE 12,
Praction Sugars.
TCA-18 Mannose, (Galactose, Glucose)
TCA-18/FL Galactose, Glucose
TCA=6O0 Galactese, Glucose (Mannose)
TCA-60/PE (Galactome, Glucose, Ribose

The sugars were ldentified chromatographleally from hydrolysates
of 20mg samples (3 hours in N sulphuriec acid'at 100) = Figures 32 and
335 Minor components are glven in brackets. In the hydrolysate of
TCA-60, an unidentified band appeared with an Ry less than that of

galactose,

Figures 3% and 35 show the absorption speetra obtained when the

four fractions were exomined in the sulphuric aeid-cystelne reaction.

Table 13 lists some other propertles of these fractions,
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ChrwAtogrMof hydrolymmtem of froetlono
1CA-18 «Bd TCA-ie/FE

H « TCA-18

Hi . TGd-ia/PE

# - staadmrd ougara (gmlaoto##, gliiooM,
EmoBo, rlboBo and rhammo#i)

Solvant - butanol, pyrldlno, «lator

Spray - aniliaa ptathalata
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Cbrommtogrmm of taydrolysatoo of fraotlono
TCA*60 and TCA-6G/PE
H - TGA-60

- 1CA-6G/FB
S ¢ standard augara (galaotocao, gluooao,
Baimoao, rlboao and rtianocaa)
Solvant - butanol, pyrldlna, watar

Spray ¢ aniline phthalata
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Fraction

TCA=1S
TCA=18/PE
TCA=G0

TCA=GO/FPE

TABLE 13,

Nitrogen (%)

w 125 -

%
Pyrogenielty

0.9
1.0
1.0
0.4

* Chlovoformesoluble lipld estimated as before on S0mg amowmts,

** The ovevege maximmm temperabure increase of 10 rebblts after

injection of 0.0lpe/ke.
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DISCUSSION,

In Section 2, 1t was shown that the crude extract obtained after
treating the bacterial cells with hot aqueous phanol contained two
different polysaccharides, one of which, contalning mannose, remained in
the supernatant after highe-speed centrifugation. The results of cold

trichloracetic aeld extraction ef Pseudomonas aseruginosa suggest that the

mannose-contalning polysaccharide 1z more accessible than the polysacch-
aride containing galactose, glucose and heptose, since chromatographic
axamination of hydrolysates of the TGA-soluble'fraction (TCA/ETH) showed
that 1t contalned mainly mannose along with smaller amounﬁs of glucose

and galectose, while no heptose could be detected in the sulphuric acid-
cysteine test. Boivin noted (26) that cold trichloracetic scid extraction
removed the sematic éntigen from'Gram -ve bacteria without disintegrating
the cells, and in the present study microscoplc examination of the Ps,

aeruginosa cells after trichloracetic acid extraction showed that they

were still intact rods. It seems probable therefore that the mannose~

containing polysaccharide overlies the material containing heptose,

The agar gel precipitin studies on fraction TCA/ETH presented a
rather confusing picture. The fraction formed two lines when tested
agalnst a whole cell antlserum and two when tested against ita homologous
antiserum, This could be the result of the presence in the fractien of
different antigens giving rise to two different types of precipltating

antibodies, or it could be due to the/
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the pregence of two components with {the same antigenile specificlty but
with different diffusion rates. The formation of two lines with the
antiserum against the purified lipopolysaccharide (froetion PE/SP -
Section 2] suggests however that fraechlon TCA/ETH contains two
components with the same antigenle speciflelity, since the sntlserum
against freetion PE/SP formed only one line with fraction PE/SP and

presumably therefore contalned only one type of precipitating antibedy.

The reacbion of the antiserum apgeinst the lipopolysaccharide
(fraction PE/SP) with fraction TCA/ETH and of the antiserum agalnst
fraetion TCA/ETH with the lipopolysaccharide obtained by combined triche
loragetlic acid and phenol extraction (fraction TCA/PE/ETH) shows a commen
Immnieloglcal speelficlty between the different fractions. Since
fraction TWA/ETH econtained no heptose, ond fractions PE/SP and TCA/PE/ITH
eontalncd no mamoge, these two sugars cen play no pord in the common

specificlity.

As mentioned in the Introduction to this Seetion, the eold trichlore
acetic acid procedure of Boivin can be sn unsatisfactory method of
extracting the maximum amount of the somatie antigen from Gram -ve
bacteria, and in the prasent study 1t was found that the residue left
afber ncid extraction acould be treated with hot aqueous phenel to yleld
further apprecialjle smounts of en endotoxie lipopolysaceheride (fraction
TCA/PE) which had chemieal and biologiocal properties similar to those
of the purified lipopolysaccharide (PE/SP - Section 2), obtained by/
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by phenol extraction without pirlor troatment with trlehloracetic aeid,
Procolpitin studies on ager gels however showed that the cxtraet (TCA/PE)
contained three components, and even afier fractionatlion with U5-507%
ethanol, twe precipliin lines were formed against a whole cell antiscerum.
Thig Tractlonation did, however, vemove the trace of mawmose deteeted in
hydrolysates of TCA/PE snd thie only supors which could be debtected on
chromatoprans were galaq‘bo se and plucose, although, as with PR/SP
(8ection 2) the sulphuriec aclde-cystelne reaction showed thet the

polysaccharide contained o heptose sugar.

The most Interesting Lfeeturs of these resulis was the abscnee of
pualeic acid in fraotlon TCA/PE. The removal of mmelele acid from the
lipopolysaacharide extracts obtained from Grom -ve orgenisms by the hot
phenol method cen be a time~consumlng proecess Involving the use of
fractionation procedures or hichespeed centrifugation, and the fact that
the combined ‘trlchloracetle acid and hot phenol trestment of Ps.

seruginosa ylelded apprecisble smounts of the endotoxin without the

nueleic acld contaminatt was consldered a useful. modification of the
exbraction technigque. The similar results oblained when somples of

Proteus valmaris snd Bscherichla coll were subjeccted to the double

extraction procedure suggest that it may be generally effective as a
method of obtalning nuclele scld-free lipopolysaccharides from Grom ve

bacteria,

5/
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A similayr observation has heen noted in a Japanese Heurnal in a

paper on the antigens of Pasteurella pseudotuberculosis rodentium, but

the suthor (111) apparently did not remark on the pessible usefulness

of this extraction technique.

The experiments which were carvied out in an abttempt to explain
this effeet of trichloracetic acid showed that only about 5% nuelelc
acld was present in the acid extract itself (fraetion TCA), and although
the undialysed solutlon contained more material with an .. at 260mu,
these dialysable nueclelc acld fragments did not account for alk the

maclelc acid present in the Pseudomonas aeruginosa cells. It was clear,

therefore, that the nuelelc acid romaining must hove been affected by
the trichloracetic aeid in such o way as to prevent the appenrance of
RNA along with the liponolysaccharide in theagweous phase after phenol
extraction. Since examlnation of the agueous layer before dlalysis
showed that it eontained no material with an absorption maximum at 260mu
1t appeared that the RNA nust be assoclated with the phenol layer. This
suggestion vecelved support from the observation that substantial amounts
of ribose could be detected in hydrelysates of the material present In
the phenol layer when the bacterial cells had previeusly been extracted
with trichlorvacetic roid, whereas only traces of ribose were found in a

similar hydrolysate when the cells had not been extracted with the seid .

The effeet of the hot phenol treatment on the nucleic aclds of the
bacterial cells was deseribed by Westphal (11) who found that the/
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the DNA occurred as an insoluble depoelt in the phenol layer while the
RNA was found in the aqueous phasgse along with the lipopolysaccharide,

A posglble explonotion of the results obtained In the present work is

that extraetion of the hacterial cells with trichloracetle acld causes
a denaturation of the ribonucleoprotein which prevents the liberation

of RNA into the aqueous phase, when the cells are heated with 457

rhenol.

The results of the experiments in which the bacterial cells were
extraeted thlrteen tlmes with celd trichloracetic acid showed however
that the effect of TCA on the nuelele acid content of the phenol extract
could be at loast partielly reversed by prolonged contact between the
oeld and the cells, since fraction TCAL3/PE was found to contain obout
10% nucleie acid. This series of experiments also showed that even
after mltiplo extraction with ecold trichloracetic aeld, the Ps,

aermginoso, cells still contained appreciable amounts of endotoxin which

eonld be recovered by phenol extraction of the residue (fraction TCAYS/FE)
This appears enalogous to the results reported by VWestphal (37) when he

found that after Sh. dysenteriae had been extracted repeatedly with

diethylene glycol untll no further materlal weht into solution, the
rezidue could be treated with hot agueous phenol to yleld additlonal:
amounts of materisl similar to the O antigen. The fraction obtalned
by the phenol method in this cage, however, had glucose preszent in

addition to the sugars found in the dlethylene glycol extracts. These

vesults are probably a reflection on the difference hetween milder/
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nilder extraction progedures such as trichloracetic aecid or dlethylene

glyeol, and the more dwagbie hot phenol method,

The individual fractions obtained durlng the repeated extraction
with trichloracetic acld were not examined in detail, but it was found
that only the flvst extract was warkedly pyrogenie. ‘The firsh
exbractlion apparently removed slmost all of the monnose=containing
polysaseharide, for although monnose was the prineipal sugar detected
in hydrolysates of this froetion, the third extraet econtained only o trace
of mannose along with galactose, glucose and ribose, aud in subsequent
fraotions no mannose could be detected on chromatograms. The inereasing
ribose content of the hydrolysates was due Le the sharp inerease in the

amount of nuelele acid present in the fraectlions.

The failure of these fractlons, apart from the first, to provoke o
merked fever in rabblts at the normal dose levels suggests that only the
firat trlichlorvacetic aecld extracht eontnlined the endotoxin., The nucleic
acld content of some of the non~pmrogenie froctions was very high, but
since none of them had o pyrogenic potency equal to that of the orude
product from phenol extraction (fraction PE « Secetion 2), which
econtained ahout 507 nueleic aeid, the low mrm{genin potency ceould not
have heen due to o simple 'dilution’ of the epdQioXiA by nuclele aecid.

A possible explenation of these results is thet in Ps. seruginose the

endotoxin is procent in the surfaoce layers in two forms, differing in

locabion or in struetuvre, only one of which cen be exbraected with/



with trichloracetic acld., Repested aeld extroction removes additional
polysaceharide and nuelele acid but leaves a certain amount of endotoxin
which can be recovered by btreating the vesidue with hol phenol., Tt
should be pointed oul that although a single extraetion with
trichloracetic acid left the cells as apparently intaet rods, repeated
extrootlion vesulted eventually in their brealidown « a process which
might have been expected to faclillinte the extraction of the endotoxin
by trichloracetle acid if the limiting factor wers simply one of
avallablillty.

The rosulis obbtained when the trichlovacetic aecld extractlion was
coayried out at higher Lemperatures suwggest that in the use of the
combined triehloracetlic acldephenol progedure as a mebhod of extracting
endotoxin, the temperatuve during the initlal trichloracetic acid
extroetion may not be as important as 1t apparently is when the Boivin
technigue is vusecl to obtain exbtraets of the somatic antlgen., By
extraetiog with trichforucsile seid ot roem temperature (o 18%) ond st
60°% 'and treating the residues in each case wiﬁh hot agueous phenol,

four fractlons were obtalned - TCA-LE, TCA-G0, TCA-18/PE, and TCA-GO/FE,

The yleld of TCA-18 was similar to that from the eold aeid extraction
and the two froetions did not differ greatly in the propertles which were
exomined., Mannose was the prinecipal sugeaer detected Iin hydrolysates of
TCA=18, and the sulphurie acld~cysteine reaction indicated the presence

of only o small amount of hepiose. Although a solution of TCA-18 chowed/



(Reprinted from Nature, Vol. 190, No. 4773, pp. 344-345,
April 22, 1961)

Extraction of MNucleic Acid-free
Lipopolysaccharides from Gram-negative
Bacteria

THE extraction of Gram-negative bacteria by the
hot phenol method of Westphal® yields a lipopoly-
saccharide along with considerable amounts of
nucleic acid. The nucleic acid can be separated from
the high molecular weight lipopolysaccharide by
high-speed centrifugation, but to reduce the nucleic
acid to a level of less than 2 per cent may require
four or five sedimentations.

It is known that when the trichloracetic acid
method of Boivin is used to extract the somatic
antigen, a considerable amount of the antigen may
remain, in, the residue?. Working with a Pseudomonas
species, we have found that the residue left after the
dried cells have been treated with trichloracetic acid,
can be extracted with phenol to yield a lipopoly-
saccharide virtually free from nucleic acid,

10 gm. of the acetone-dried cells were mixed for
3 hr. in 100 ml. of 0:25 N trichloracetic acid at a
temperature of 2-4° and then ocentrifuged. The
deposit was washed with 100 ml. of distilled water
and again ocentrifuged. 'This doeposit was then
extracted with 45 per cent phenol at a temperature
of 656—67° and, after cooling, the aqueous phase was
separated, dialysed, centrifuged at 4,000 r.p.m. for
10 min. to remove debris, and the supernatant was
then freeze dried. The vyield of extracted material
from difforent batches was botween 300 and 400
mgm. This compares favourably with the yield of
lipopolysaccharide obtained after removal of the
nucleic acid by high-speed centrifugation.

The lipopolysaccharide obtained by this method
contained no detectable amounts of nucleic acid
and was highly pyrogenic in rabbits in doses of
0-01 pgm./kgm. body-weight. Preliminary analysis
showed the presence of galactose and glucose and
45-50 per cent of a lipid soluble in chloroform.

Similar results have been obtained with X. coli
0111 (supplied by Dr. O. Lideritz) and with P.
vulgaris. In both cases the modified extraction
procedure yielded highly pyrogenie, nucleic acid-free
lipopolysaccharides in amounts equivalent to 2-3
per cent-of the dry weight of the bacteria.

The results with these three organisms suggest
that pre-treatment with trichloracetic acid before
phenol extraction may be a general method of obtain.-



ing nucloic acid-free lipopolysaccharides without tho
lengthy procedure of high-speed contrifugation.
This suggoestion is supported by unpublished observa.
tions made by D. A. L. Davies (personal communi-
cation) working with different bacteria.
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Das O-Antigen einiger Salmonella-Serotypen kann bekanntlich durch
den Nachweis mehrerer Spezifititen serologisch differenziert werden.
Diese Spezifitéiten sind im Kauffmann-White-Schema [7] durch arabische
Ziffern — 1, 2, 8, 4, 5 usw. — symbolisiert. Jede Species (= Serotyp) ist
hinsichtlich des O-Antigens durch eine oder mehrere Zahlen charalteri-
siert, welche die O-Antigenformel ergeben. Die O-Antigene gramnegativer
Bakterien enthalten als wesentliche Komponente stark verzweigte Poly-
saccharide, die, soweit untersucht, fiir die O-Spezifitat der Keime ver-
antwortlich sind.

Zur Isolierung der O-Antigene sind verschiedene Verfahren ausgearbeitet
worden, die zu den spezifischen Polysacchariden oder deren Komplexen mit Lipoid
oder Lipoid und Protein fiihren [20]. In den letzten Jahren wurden sie aus vielen
grammnegativen Bakterien, insbesondere aus Enterobacteriaceen, dargestellt und
analysiert. So sind die Zuckerbausteine der spezifischen Polysaccharide von Ver-
tretern simtlicher bislang bekannter Salmonella-Gruppen ermittelt worden [8]. Es
wurde gefunden, dafl die Serotypen jeweils bestimmten Chemotypen zugeordnet
werden kdnnen [8].

Bei der serologischen Analyse von Salmonellen sind in einigen O-
Antigenen bis zu vier verschiedene Spezifititen aufgefunden worden, so
z.B. in der Salmonella-Gruppe B die Antigenfaktoren 1, 4,5 und 12,
denen in Salmonella B-Antiseren vier verschiedene Antikérper-Frak-
tionen — Anti-1, Anti-4, Anti-5 und Anti-12 — entsprechen. Fiir die
Spezifitdt 12 komnte iiberdies nachgewiesen werden, daB sie aus wenig-
stens drei differenzierbaren Teilfaktoren — 12,, 12, und 12, — zZusammen-
gesetzt ist [6]. Basierend auf den Prinzipien der Immunchemie wissen
wir heute, daf} diesen Spezifititen oder Antigenfaktoren des Kauffmann-
White-Schemas verschiedene deferminante Gruppen in den betreffenden
Antigenen zugrunde liegen [18). Den determinanten Gruppen in den
O-antigenen Polysacchariden entsprechen im allgemeinen oligosacchari-
dische Strukturen von wenigen Zuckerbausteinen, soweit bisher unter-
sucht in der GroBenordnung von 2—5 Zucker-Einheiten.

* Research fellow (1959) of the Royal Coll. of Science and Technology, Glasgow.
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Es erhebt sich damit die Trage, inwieweit die einzelnen Antigen-
faktoren des Kauffmann-White-Schemas tatsdchlich am jeweiligen Poly-
saccharid des O-Antigen-Komplexes lokalisiert sind und ob beim Vor-
liegen von mehr als einer Spezifitét in O-Antigenen einzelner Salmonella-
species die entsprechenden determinanten Gruppen an ein und demselben
Polysaccharid oder an mehr oder weniger heterogenen Mischungen von
Polysacchariden verankert sind, ob also Salmonellen und andere Entero-
bacteriaceen zum Aufbau ihrer Zellwand ein einziges komplexes Poly-
saccharid mit allen Antigen-Faktoren oder mehrere prinzipiell trennbare
Polysaccharid-Antigene bilden.

Zur Klidrung dieser Frage haben wir verschiedene isolierte Salmonella-
O-Antigene, welche entsprechend dem Kauffmann-White-Schema
mehrere O-Antigen-Falktoren enthalten, mit solchen kreuzreagierenden
Salmonella-Antiseren précipitiert, bei denen die betreffende Kreuzreak-
tion durch nur eine Art spezifischer Antikérper bedingt ist. Die erhaltenen
Pricipitate wurden isoliert und anschlieBend hinsichtlich des Antilérper-
Gehaltes” sowie eines charakteristischen Zuckerbausteins analysiert.
AuBerdem haben wir aus den Précipitaten die précipitierten O-Antigene
vom Antikérper prédparativ getrennt und ihre Zuckerbausteine mit
denjenigen des urspriinglich eingesetzten O-Antigens verglichen.

Als isolierte O-Antigene verwendeten wir die hochgereinigten Lipo-
polysaccharide der untersuchten Salmonella-species [8]. Die Lipopoly-
saccharide der Enterobacteriaceen sind die biologisch wirksame Unter-
einheit der O-antigenen Endotoxin-komplexe in ihren Zellwinden.
Wihrend die Lipoidkomponente (Lipoid A [22]) fiir die akut-endo-
toxischen Manifestationen wesentlich und von Keim zu Keim sehr d&hnlich
wenn nicht identisch zusammengesetzt ist, sind die Polysaccharid-
komponenten species-spezifisch und, soweit. untersucht, Tridger der
determinanten Gruppen des betreffenden O-Serotyps. Bei serologischen
Pracipitationen mit O-Antiseren reagieren demnach bestimmte Gruppen
der Polysaccharid-Komponenten. — Auf die mit hydrolytischen Mitteln
mogliche Abspaltung der Lipoidkomponente aus den Lipopolysacchariden
haben wir bewullt verzichtet, um sicher zu sein, dafl nicht etwa poly-
saccharidische Bruchstiicke (Untereinheiten) infolge uniibersichtlicher
hydrolytischer Spaltungen am genuinen Polysaccharid-Antigen zur
Analyse kamen.

Die Versuche haben ergeben, dafl die Zuckerbaustein-Analyse der
untersuchten O-antigenen Lipopolysaccharide wor und nach Kreuz-
pricipitation stets die gleiche war, gleichgiiltig mit welchem der O-Anti-
genfaktoren im eingesetzten Lipopolysaccharid die verwendeten Anti-
seren mit selektiver Spezifitdt reagierten. Die Analysen haben keinerlei
Anhaltspunkte fiir das Vorliegen von heterogenen O-antigenen Poly-
saccharid-Mischungen erbracht; sie unterstiitzen vielmehr die friiher
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schon diskutierte Vermutung, wonach verschiedene Antigenfaktoren
(Spezifititen) eines O-Antigens am gleichen Polysaccharid-Molekiil ver-
ankert sind.

Material und Methodon

0-Antigene. Die Lipopolysaccharide verschiedener Salmonelluspecies wurden
mit Hilfe des Phenol/Wasser-Verfahrens [21] extrahiert, aus der wilirigen Phase
isoliert und durch Ultrazentrifugation in tblicher Weise gereinigt [2, 8]. Die Durch-
fiuhrung der Zuckerbaustein-Analyse ans Hydrolysaten wurde frither bereits ein-
gehend beschrieben [2, 8]. 7'ab.1 gibt eine Ubersicht iiber die verwendeten Sero-
typen, ihre O-Antigenformel nach dem Kauffmann-White-Schema und die Zucker-
bausteine der Polysaccharid-Komponente, wobei hier Hexosamin(e) und Heptose(n)
nicht beriicksichtigt sind. In der vorliegenden Arbeit wurden nur Hexosen, 6-
Desoxy- und 3,6-Didesoxyhexosen als typische Bausteine der bakteriellen Poly-
saccharid-Antigene analysiert.

Tir die Pricipitations-Versuche mit kreuzreagierenden Antiseren verwendeten
wir 10/ige Losungen in 0.9%,igem NaCl, denen zur Sterilhaltung Merthiolat
(1:10000) zgesetzt war. Die Losungen wurden bei 4°C zentrifugiert (10 min,
3000 T'pM), um eventuelle Spuren ungeldster Partikeln, welche in die Pricipitate
gelangen kénnten, zu entfernen. )

Antiseren. Bei den Antiseren handelte es sich um Kaninchen-Testseren aus
Statens Seruminstitut, Internationale Salmonella- und Escherichia-Centrale, Iopen-
hagen. Je 30 ml Antiserum wurden mit 30 ml 0,9%/,iger NaCl-Losung verdiinnt und
cbenfalls vor Beginn des Versuchs bei 4°C zentrifugiert. Von dem absorbierten
O 5-Serum standen 5 ml zur Verfiigung, die mit 5 ml 0,99/ iger NaCl-Liésung ver-
diinnt wurden, , ‘

Die Kaninchen wurden entsprechend den Angaben von KAUFFMANN (,,Entero-
bacteriaceae’’, I8. Munksgaard, Kopenhagen, II. Edit., 1954, 8. 74) 5mal in Zeit-
riumen von 4—5 Tagen mit Bouillon-Kulturen, die 2!/, Std im Kochschen Dampf-
topf auf 100°C erhitzt waren, i.v. injiziert. Die Dosen betrugen 0,25, 0,5, 1,0, 1,5,
2,0 ml ICultur.

Priieipitationen, 60 ml Antiserum (Verdiinnung 1:2) wurden mit 0,5-—2 mg
Lipopolysaccharid (1%/,ige Losung) versetzt. Nach mindestens 48 Std bei 4°C wurde
das gebildete Pricipitat abzentrifugiert und zum Uberstand weiteres Lipopoly-
saccharid hinzugefiigt, bis keine Priicipitation mehr eintrat. Dies war im allgemeinen
nach Zusatz von 2—10 mg Lipopolysaccharid erreicht. AnschlieBend wurde zum
Uberstand das Lipopolysaccharid eines anderen Serotyps, wiederum in Portionen
von 0,5—2 mg, zugefiigt bis keine Pricipitation mehr eintrat. Auf diese Weise
wurden nacheinander simtliche Antikorper- Quoten des Serums mit den entsprechen-
den Lipopolysacchariden selektiv zur Reaktion gebracht. Pricipitate des gleichen
Lipopolysaccharids mit der gleichen Serumprobe wurden im allgemeinen vereinigt,
3mal mit 0,99/,iger NaCl gut gewaschen und analysiert.

In einigen Fillen pricipitierten wir das betreffende Lipopolysaccharid in Gegen-
wart eines Uberschusses eines anderen Lipopolysaccharids von einem nichi-kreuz-
reagierenden Serotyp, welches ein oder mehrere charakteristische Zuckerbausteine
enthielt, die dem pricipitierten Antigen fehlten. Auf diese Weise versicherten wir
uns in mehreren unabhingigen Versuchen, dafl Zeine Co-Priicipitation erfolgte.

Analyse der Priicipitate. Die gewaschenen Pracipitate wurden in dest. Wasser
unter Zusatz von etwas Alkali gelost.

1. Proteingehalt. Ein aliquoter Teil der Losung wurde nach FoLiN-CrocaLTEAU [5]
analysiert. Als Vergleich verwendeten wir Standard-Losungen von kristallisiertem
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Rinderserum-Albumin. Die erhaltenen Antikérperprotein-Werte sind als Milligramm
Rinderalbumin angegeben.

2. Quantitative Rhamnose- Bestimmung. Nahezu alle hier untersuchten Salmonella.-
O-Antigene enthalten Rhamnose (siehe Tab.1) als Baustein des Polysaccharids.
Ein aliquoter Teil der Précipitat-Losung sowie eine Losung des urspriinglichen
Lipopolysaccharids wurden gleichzeitig der Rhamnose-Bestimmung nach Gis-
BONs [4] unterworfen. Aus den erhaltenen Werten berechneten wir die mit dem
urspriinglichen Lipopolysaccharid zum Serum zugefiigte sowie die pricipitierte
Menge an Rhamnose.

3. Zuckeranalyse des pricipitierten Lipopolysaccharids. Die restliche Pricipitat-
Losung wurde neutralisiert und zur Entfernung des Proteins mit Phenol (1:1)
extrahiert [21]. Die wafrige Phase, welche das pricipitierte (Lipo)-polysaccharid
enthielt und frei von Protein war, wurde dialysiert, im Vakuum auf ein kleines
Volumen konzentriert und nach Hydrolyse in iblicher Weise papierchromato-
graphisch analysiert [8]. Zum Vergleich dienten die Hydrolysate der entsprechenden
Lipopolysaccharide, welche jeweils bei dem betreffenden Priicipitations-Ansatz ver-
wendet worden waren.

Ergebnisse
Die Versuche wurden an sechs verschiedenen Salmonella-Antiseren
ausgefiithrt, von denen jedes Serum, mit Ausnahme des absorbierten O
5-Serums, mehrere gegen verschiedene Antigenfaktoren (Spezifitdten)

Tabelle 1. Die verwendeten O-antigenen Salmonella-Lipopolysaccharide

Zuckerbausteine (8)
Salmonella-specics 0-Gruppe Antigen- ol slolalelale
(Serotyp) formel S|l a| 8|8 § &1s
1219|8188 |¢
giola|g|s|&l&
S. paratyphi A A 1,2,12 e -
S. abortus equi B 4,12 + |+
S. java B 4,5,12 + 14+ 4]+
S. schleissheim B 4,12, 27 +i{ 1+ +
S. cholerae suis C, 6,7 + |+ |+
S. newport C, 6,8 +i4+1r+ 4+
S. sendai D, 1,9,12 +t ]+ +
S. typhi D, 9,12 |4+ |+]|+ +
8. senftenberg E, 1,3,19 +14+t4++

gerichtete Antikérper- Quoten enthielt. Diese Seren wurden in bestimm.-
ter Reihenfolge mit verschiedenen Lipopolysacchariden aus im Ganzen
neun Salmonella-Serotypen von unterschiedlicher Antigen-Formel
(Tab.1) pricipitiert. Versuchsanordnung und Ergebnisse sind in 7'ab.2
aufgefiihrt.

Wie aus Tab.2 hervorgeht, wurde zur Préicipitation jeweils das
Lipopolysaccharid eines Serotyps ausgewihlt, bei dem nur ein Antigen-
faktor des O-Antigens nach Kauffmann-WHrtE mit dem verwendeten
Antiserum reagieren konnte.
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Da die Lipopolysaccharide gegen Ende des Versuchs jeweils in geringem Uber-
schufl zugefiigt waren, kann angenommen werden, da3 jeweils alle gegen den ent-
sprechenden Antigenfaktor gerichteten Antikérper in Reaktion getreten und somit
aus dem System entfernt worden waren.

Tab.2 zeigt, dafl in allen Versuchen, bei denen auf Grund der Antigen-
formel des betreffenden Serotyps Kreuzreaktion erwartet werden konnte,
eine Pricipitation des Lipopolysaccharids mit Antiserum erfolgte. So
konnte fiir die Antigenfaktoren 1, 2, 4, 5, 6, 7, 9, 12 und 27 demonstriert

werden, dal diese Spezifi-
Tabelle 3. Antigenfaktoren (Spezifitdten), welche titeninden entsprechenden

auf Grund der Kreuzprdcipitationen (Tab.2) in Lipopolysacchariden ver-
den gercinigten Lipopolysacchariden nachgewiesen ankert sind. Tine Ubersicht

vurder .
’ ' gibt T'ab. 3.
! Iin Lipopoly- Das Ergebnis der Zucker-
Salmonella-species | Antigenformel saccharid 1 e
(Serotyp) des Serotyps | nachgewiesener  analysen der Précipitate
Antigenfaktor  (giche Tab.2) ist sehr ein-
o boohi A {9 12 5 heitlich: es wurden stets
- Paratyphl A 2 samtliche Zucker-Bausteine
S. abortus equi 4,12 4 und 12 . . .
S. java 4, 5,12 5 nachgewiesen, die bereits
S. schleissheim 4,12, 27 27 frither als Bausteineder ent-
S. cholerae suis 6,7 7 sprechenden hochgereinig-
S. newport 6, 8 6 ten Lipopolysaccharide auf-
S. sondai 1,9,12 |9 und 12,* PO
S. typhi 9, 12 12 gefunden worden waren.
S. senftenberg 13,19 1 Die Reaktion einzelner
Antigenfaktoren mit spezi-
* Siehe FuBnote ** unter Tab.2. fischen Antiseren fiihrt

demnach zu Préicipitaten,in

denen das précipitierte Lipopolysaccharid aus den gleichen Zuckern be-

steht wie das entsprechende zur Pracipitation benutzte Lipopolysaccharid.

Auch hinsichtlich der relativen Quantititen der Zucker zueinander

konnten wir bei Betrachten der Chromatogramme der aus den Préci-

pitaten isolierten und jener der urspriinglich eingesetzten Lipopoly-
saccharide keine Unterschiede auffinden.

Wie die Rhamnosebestimmungen zeigen (Tab.2), erscheint in einigen
pricipitierenden Systemen nahezu die gesamte Rhamnose, die dem
Serum mit dem urspriinglichen Lipopolysaccharid zugefiigt wurde, im
Pricipitat — offensichtlich immer dann, wenn mit einem nicht zu groflen
UberschuBl an Lipopolysaccharid pricipitiert wurde. So fand sich z.B.
praktisch die gesamte Rhamnose des Lipopolysaccharids von S. aborfus
equt im Pricipitat wieder, gleichgiiltiz ob mit Anti-4 oder mit Anti-12
Antiserum précipitiert wurde (Versuche b und f in Tab.2). Gleiches gilt
fiir die Rhamnose im §. sendas-Lipopolysaccharid vor und nach Préicipi-
tation mit einem absorbierten Anti-9 Antiserum (Versuch f) sowie 8. java-
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Lipopolysaccharid (Versuch b). Da beide Pricipitate des S. aborfus equs-
Lipopolysaccharids mit Anti-4 oder Anti-12 auBerdem die gleichen Zucker
in gleicher relativer Verteilung (chromatographisch) enthielten wie das
urspriinglich eingesetzte Lipopolysaccharid, kann fiir dieses Antigen
angenommen werden, dafl die selektive Précipitation eimes Antigen-
faktors zur Fillung des gesamten Antigenkomplexes (Lipopolysaccharids)
fihrt.

Um auszuschlieBen, dafl bei der spezifischen Précipitation serologisch
nicht verwandte, aber chemisch dhnliche Lipopolysaccharide unspezifisch
co-pricipitiert werden, fithrten wir in einigen Versuchen (d, e und g,
Tab.2) die Précipitation in Gegenwart eines nichtkreuzreagierenden
Lipopolysaccharids aus. Die anschlieBende Zuckeranalyse des Pricipitats
zeigte in jedem all, daB nur das spezifische Antigen préicipitiert wurde.

So erscheint in Versuch d bei der Pricipitation des O-Antigens von 8. cholerae
suis keine Rhamnose und Abequose im Pracipitat, also kein 8. newport-Lipopoly-
saccharid. In Versuch g findet man keine Colitose im Pricipitat, was heiflt, dafl
S. adelaide-Antigen (mit Colitose) nicht copricipitiert wurde. Im Versuch e (Tab.2)
erfolgte die Priicipitation von . cholerae suis-Lipopolysaccharid (mit den O-Antigen-
faktoren 6, 7) bei Gegenwart der O-Antigene von §. sendai (Faktoren 1, 9, 12) und
S. newport (Faktoren 6, 8) mit absorbiertem Anti-7-Serum selektiv: das Pricipitat
enthielt weder Tyvelose (S. sendai-Antigen) oder Abequose (S. newporé-Antigen)
noch Rhamnose (beide nichtverwandten Antigene), sondern nur die fiir S. cholerae
suis typischen Hexosen [8] Galaktose, Glucose und Mannose (siehe Tab.1).

Die Antigenfaktoren 5 und 27 wurden bislang nur in einigen Serotypen der
Salmonella-Gruppen B, aber nie gemeinsam, aufgefunden. Da die Lipopolysaccharide
der Gruppe B siimtlich von den gleichen Zuckern aufgebaut sind, also dem gleichen
Chemotyp angehdren [8], war es in diesem Fall nicht moglich, die Pricipitate auf
Grund der Zuckeranalyse zu differenzieren. Wir haben die Reaktionen der Lipo-
polysaccharide in Versuch b (Tab.2) mit Anti-5 bzw. Anti-27 sowie die Absorption
der betreffenden Antikérper eingehender verfolgt. Die fraktioniert gefiallten Pri-
cipitate wurden gesondert isoliert und Protein und Rhamnose bestimmt. Das
sukzessive Absinken bei der Reaktion mit dem ersten Lipopolysaccharid und
erneute Ansteigen der Werte nach Zugabe eines anderen Lipopolysaccharids zeigt
die Erschopfung der ersten Antikérper-Quote (hier Anti-4) bzw. die Reaktion der
zweiten (Anti-5) und endlich der dritten Quote (Anti-27) an.

Diskussion

Die Frage des chemischen Status der Antigenfaktoren, d.h. die
Lokalisierung der serologisch spezifischen Strukturen in isolierten
O-Antigenen von Enterobacteriaceen wurde frither schon von verschie-
denen Arbeitskreisen mittels serologischer Methoden bearbeitet.

So haben FurtH u. LANDSTEINER {3] schon 1929 gezeigt, dal die
verschiedenen Spezifitdten eines Salmonella-O-Antigens am gleichen
Molekiil verankert sind. Diese Krgebnisse wurden jedoch mit relativ
rohen Bakterienextrakten gewonnen. Das gleiche gilt fiir die Versuche
von MEYER [10], Counx [1] sowie Naxava u. Fuxuvwmr [12], die an
Protein-Lipoid-Polysaccharid-Komplexen der O-Antigene ausgefiihrt

Biochem. Z., Bd. 333 10
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wurden, In der vorliegenden Arbeit wurden gereinigte proteinfreie
Lipopolysaccharide untersucht.

Auf der Basis selektiver Kreuzreaktionen wurden in den isolierten
Lipopolysacchariden aus neun verschiedenen Salmonella-Serotypen
folgende Spezifititen (O-Antigenfaktoren) nachgewiesen: 1, 2,4, 5, 86,7,
9, 12 und 27 (siehe Tab.3). Es sind dies simtliche Faktoren, welche bis-
lang in den Salmonella-Gruppen A, B, C, und D, serologisch erkannt
wurden und die in verschiedener Kombination bei den Serotypen dieser
Gruppen auftreten (siche Tab.1 u. 3).

Im Lipopolysaccharid aus S. abortus equi wurde die Anwesenheit der
Faktoren 4 und 12 bewiesen. Bei den iibrigen untersuchten Lipopoly-
sacchariden wurde auf Grund der Versuchsanordnung jeweils ein Antigen-
faktor identifiziert. Es besteht kein Zweifel, daf} alle spezifischen Poly-
saccharide der Gruppen A, B, C, und D; und dariiber hinaus wahr-
scheinlich auch der iibrigen Salmonella-Gruppen Triger der Spezifititen
sind, wie sie durch die O-Antigenformeln des Kauffmann-White-Schemas
zum Ausdruck kommen.

Die Resultate der Pricipilat-Analysen zeigen, daf es nicht gelingt, das
Lipopolysaccharid einer Species in Fraktionen zu zerlegen, die sich hinsicht-
lich ihrer Zuckerbausteine unterscheiden. Mit welchem Antigenfaktor
selektive Pricipitation erfolgt, stets enthalten die Pricipitate simtliche
Zuckerbausteine des eingesetzten Lipopolysaccharids.

Aus diesen Ergebnissen allein kann noch nicht mit Sicherheit geschlos-
sen werden, dafl die Lipopolysaccharide aus einkeitlichen Molekiilen
bestehen. Die folgenden IErgebnisse sprechen indessen gegen die Auf-
fassung der isolierten O-Antigene als chemisch heterogene, prinzipiell
trennbare Substanzen.

Ebenso wie die chemische hat auch die serologische Fraktionierung
der Lipopolysaccharide nicht zu Fraktionen von unterschiedlicher Bau-
steinanalyse gefiihrt. — Beim Vergleich der Chromatogramme von
Hydrolysaten der préicipitierten und der zur Pricipitation eingestzten
Lipopolysaccharide konnten hinsichtlich der relativen Intensitit der
Zuckerflecke keine Unterschiede festgestellt werden. — Es zeigte sich,
daf3 bei der Pricipitation einiger rhamnosehaltiger Lipopolysaccharide
dic Rhamnose nahezu quantitativ im Pracipitat erscheint. Beim Lipo-
polysaccharid aus S. abortus equi (mit den Antigenfaktoren 4, 12) fithrte
die selektive Reaktion sowohl mit Anti-4 wie mit Anti-12 zur Aus-
fallung der gesamten eingesetzten (gebundenen) Rhamnose.

Fiir einzelne, in den stark verzweigt gebauten Lipopolysacchariden terminal
gebundene Zucker konnten Staus et al. [15] auf Grund von Hemmungs-Experimen-
ten zeigen, daf} sic an der Struktur der determinanten Gruppen bestimmter Antigen-
Faktoren wescentlich beteiligt sind, z.B. Abequose bei Faktor 4 oder Tyvelose bei

Faktor 9{16]. Das Auftreten von Abequose nach Pricipitation des abequose-
haltigen 8. abortus egui-Lipopolysaccharids mit Anti-5-Serum spricht dafiir, daf3

— -——ﬂj
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mit dem Faktor 5 gleichzeitig auch Faktor 4 pricipitiert wurde. Entsprechendes
gilt fiir die Koppelung der Faktoren 4 und 12, 9 und 12 sowie 4 und 27.

STAUB u. Mitarb., welche mit lipoid-freien Polysacchariden arbeiteten,
haben unabhingig mittels immunologischer Reaktionen gezeigt, dafl die
Spezifititen 9 und 12 [14], 4 und 1 [17] sowie 4 und 5 [13] jeweils am
gleichen Polysaccharid-Molekiil verankert sind.

Das Vorkommen von mehr als einer Spezifitdt im gleichen Antigen-
molekiil ist an sich nicht unerwartet. Es gibt hierfiir sowohl Beispiele
kiinstlicher als auch solche natiirlicher Antigene. So enthilt die Blut-
gruppensubstanz AB des Menschen die Spezifititen A und B am gleichen
Mucopolysaccharid [11]. Durch Pricipitation mit Anti-A-Seren gelangt
_ auch die B-Spezifitit in das Pricipitat, und umgekehrt. Werden dagegen
die serologisch reinen A- und B-Substanzen von Personen der Blut-
gruppen A bzw. B gemischt, so lassen sich aus dieser Mischung reine A-
oder B-Substanz selektiv mit Anti-A- oder Anti-B-Seren précipitieren
und auf diese Weise trennen. — Prinzipiell gleiche Absorptionsexperi-
mente mit entsprechenden Ergebnissen wurden an kiinstlichen (chemo-
spezifischen) Antigenen mit zwei Spezifitdten durchgefiihrt.

Auch in reinem menschlichen Serumalbumin lieBen sich mehrere
Spezifititen am gleichen Molekiil nachweisen [9]. — Man kann anneh-
men, dall bei natiirlichen Antigenen, welche sdmtlich hochmolekulare
Substanzen sind, im allgemeinen viel hiufiger mehr als eine Spezifitit
ausgebildet ist, so daBl Antiseren gegen das betreffende Antigen mehr als
eine spezifische Fraktion enthalten. Es ist hauptséchlich eine Frage der
serologischen Technik, die verschiedenen determinanten Gruppen in
Antigenen zu diagnostizieren.

Das Auftreten verschiedener determinanter Strukturen (Spezifitédten)
am gleichen bakteriellen Polysaccharidmolekiil bedeutet, daB3 entspre-
chend viele Enzymsysteme bei der Polysaccharidsynthese wirksam sind.

Da einzelne determinante Gruppen bei verschiedenen Salmonella-
Serotypen und auch bei kreuzreagierenden . coli-, Arizona- oder Pseudo-
tuberculose-Stémmen vorkommen konnen (siehe z.B. [19]), muBl man
schlieBen, dafl die an der Ausbildung dieser serologischen Merkmale
beteiligte genetische Ausriistung der betreffenden Bakterien als Ganzes
bei der Selektion der Serotypen und Genera erhalten blieb oder iiber-
tragen wurde. Die O-antigenen Polysaccharide der bakteriellen Zellwand
und das Studium ihrer Biosynthese sind daher auch unter genetischen
Aspekten von Interesse.

Herrn Professor Dr. F. KaurrMANN, Statens Seruminstitut Kopenhagen, Inter-
nationale Salmonella- und Escherichia-Zentrale, sind wir fiir die Ziichtung der in
dieser Arbeit verwendeten Bakterien und die Bereitstellung standardisierter Anti-
seren sowie auch fiir Diskussion der Ergebnisse und wertvolle Anregungen zu beson.-
derem Dank verpflichtet.

10*




146 Otro LUipERITZ, Grorert O’NemL und O1To WESTPHAL:

Zusammenfassung

Die polysaccharidischen O-Antigene zahlreicher Salmonella-Serotypen
sind héufig durch das Vorhandensein mehrerer Spezifitéiten charakteri-
siert. Diese Serotypen sind im Kauffmann-White-Schema, das die
Salmonellen serologisch klassifiziert, durch die Kombination von Antigen-
faktoren — die sogenannte Antigenformel — gekennzeichnet,

Neun isolierte Salmonella-O-Antigene (Lipopolysaccharide) der Sal-
monella-Grappen A, B, C,, C,, D; und K wurden mit selektiv absorbierten
oder geeigneten kreuzreagierenden Antiseren pricipitiert und die erhal-
tenen Précipitate hinsichtlich Antikérper-Protein und Rhamnose (soweit
vorhanden) quantitativ, sowie auf Zuckerbausteine der bakterieilen
Lipopolysaccharide qualitativ analysiert.

Durch die Pricipitationsversuche konnte die Verankerung der Antigen-
faktoren 1,2,4,5,6,7,9,12 und 27 an den Dbetreffenden Lipopoly-
sacchariden demonstriert werden.

Die Zuckerbaustein-Analysen der Lipopolysaccharide vor und nach
Kreuzpricipitation war stets die gleiche, gleichgiiltig mit welchem der
Antigenfaktoren die Antiseren selektiv reagierten. Die Analysen haben
keinen Anhaltspunkt fiir das Vorliegen heterogener O-antigener (Lipo)-
Polysaccharide erbracht. Entsprechend frither schon diskutierter Ver-
mutung, erscheinen die verschiedenen Antigenfaktoren des O-Antigen-
komplexes eines Serotyps am gleichen Polysaccharidmolekiil verankert.
Es ist demnach wahrscheinlich, dafl die untersuchten Salmonella-species
nur ein O-antigenes Polysaccharid in ihrer Zellwand bilden.

Summary
The polysaccharidic O antigens of many OSalmonella serotypes
frequently carry more than one immunological specificity. These sero-
types arve classified in the Kauffmann-White scheme and characterized
by the combination of antigen factors, the so-called antigen formula.

9 purified Salmonelle O antigens (lipopolysaccharides) of Salmonella
groups A, B, C;, C,, D, and E were precipitated by selectively absorbed
or suitable cross-reacting antisera. The precipitates so obtained were
quantitatively analyzed for antibody protein and rhamnose (if present).
They were further analyzed qualitatively for the known sugar consti-
tuents of the lipopolysaccharide used.

On the basis of these experiments the location of the antigen factors
1,2,4,5,6,7,9,12 and 27 on the respective lipopolysaccharides was
demonstrated.

The sugar analyses of lipopolysaccharides before and after crosspreci-
pitation gave always identical results, no matter what antigen factor was
involved in the reaction. There was no indication for any heterogeneity
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of the O-antigenic (lipo)-polysaccharides used for the serological precipi-
tations. According to earlier conclusions, the various antigen factors of
the O antigen complex of a given serotype appear to be linked at one
and the same polysaccharide molecule. It is reasonable therefore that the
Salmonelle species investigated produce only one single O-antigenic
polysaccharide as a constituent of their cell wall.
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showed an abgsorption maximm at 2601q.t, the total abhsorption at this wave=
length corresponded to o nuelele acid content of less than 24, and no

riboae could be detected on chromatograms.

Extraction of the residue from thils exporiment with hot phenol gave
fraction TCA-18/PE in a yield of 532mg (5.3%). This material was
pyrogenlcs 1t contalned no nucleie acid and only two bands corresponding
togalactose and glucose could be detected on chromatograms although the
sulphuric acld-cysteine resotlon showed the presence of appreciable
amounts of a heptose sugar. It appears, therefore, that an endotoxin
oxtraet ean he obtained by phenol treatment of the vesidue from room
temperature trichloracetic acid extraction which is as satisfactory as
that obtained by the bombined procedure when the trichloracetic aecid

extraction ils earried out at low temperatures.

No immunologlical studies were made on fraction TCA-L8/PE, bt by
analogy with fraction TCA/PE 1t seems probable that the material was not

homogeneous.

When the trichloracetic acld extraction was earried out at 60°, the
peid extraet (fraetion TCA-G0) smounted to GO2mg (6%), a very rmch
higher figure than those obtained at 2° or 18°. This fraction was
micleic acid=free and it contained galactose, glucose and a trace of
moxnose, plus heptose (shown by the Dische test). Tt hed the same

pyrogenic poteney as fraetion TCA=18/PE., Extraction of the/
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the residue with hot phenol inthis case, however, gave a fraction
(TCA=60/PE) of almost negligible pyrogenicity, containing gelactose,
glucose and a heptose along with a small amount of nueleic aecld. The
use of a temperature of 60° therefore seems to have resulted in the
trichloracetic acld extracting a greater amount of the endetoxin but
reduced the advantage of phenol extraetion of the residue. Tt 1s not
known if fraction TCA-60 retalned the full antigenic potency normally
found with Boivin extracts, but in view of other workers! experienee
with this method, 1t seems likely that the higher temperature would have

had an adverse effect on thls property.

The chloroform soluble lipid (1lipid A) content of the four
fraoctions listed in Table 1% shows that there is no apparent co-relation
between the amount of lipld and the pyrogenicity of the extraeis.
Traction TCA-18 contained only 6% lipld and was quite strongly pyrogenic,
while TCA-CGO/FE eontained 37% and was virtually devoid of pyrogenicity
in rabbilts. These results would appear to support the suggestion made
by Ribi (84, 85) that the endotoxie properties of lipopolysaccharides
are not due to the liplid A fraction of the complex as postulated by

Westphal (82).

The overall results of these experiments with Ps. aeruginosa

show therefore that in the use of the combined trichloracetic acld-

rhenol process for the recovery of the endotoxin, the maintenance of low

temperature during the trichloracetic acid extraction ils not essentisl, in
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In that sotisfoctory vesulis con be obtained when the extraction is
carrvicd out at roem temperature. Ekevotod temperatures may improve
the yileld in the trichloracetic aecid extraet, but have an adverse

effeot on the value of the combined extraction.




-131-’--

SUMMARY .,

In the Introductlion, the prinecipal methods which have heen used for
the extraction of the endotoxins or somatic antigens of Gram -ve bacteria
have heen considered end the nature of these substances reviewed, The
biologileal importance of the lipid portion of the complex has been

discussed along with the effects of chemical modification of endotoxins.
The experimental work is in two.main sectlions.

SECTION 1. The isolation, purification and properties of the endotoe

xin from Pgeudomonas aeruginosa are desceribed and the results discussed.

The endotoxle lipopolysaccharide was lsolated from the bacterial
cells by the hot aqueous phenol method and purlified by ultracentrifugation.
It was shown to contain galactose, glucose, glucosamine, galactosamine
and a heptose which was masked on chromatograms by glucose, The lipid
material which was released from the lipopolysaccharide after short acid
hydrolysis was shown to contain ether-soluble and chloroform-soluble
fraetions in both of which glucosamine, several amino aclds and a series
of fatly aclds were detected.

The lipopolysaccharide was shown to be antigenlc and highly ppyrogenic

when injected Into rabbits, and to be toxie to rabbits and mice.

SECTION 2. The effects of triehloracetice acld extraction and of

combined trichloracetlc aclid and hot phenol extraction on Pseudomonas

aeruginoge are deseribed and the results discussed.




It was found thet the residues of the cells left after cold
trichloracetic aeld extraction could be treated with hot phenol to give
an extract containing the endotoxie lipopolysaccharide without the
nueleic aeld conteminatlion which is found when holt phenol alone is used,
and 1t was shown that after this double extractlon procedurs the RNA is
found in the phenol layer of the cooled phenol-water mixbture. The
combined extraction procedure wos also found to be an effeetive method

of obtalning nuclele acld~free lipopolysaccharides from Proteus vulgaris

and Fscherlchia coll. These studics were coxtended to eonsider the offects

of carrying out the Initlal trichloracetic acid extraction at higher
temperatures, and the results showed that rigild temperature control
during the seid extractlon may not be neeessairy when using the combined
TCA-phenol method to obtain nueleic acld-Iree lipopolysaccharide. A
further serles of experiments showed thab after multiple extraction with
trichloracetie acld, appreciable amounts of endotoxin could be obtained

from the residue by treatment with het phencol.
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APPENDIX.

EXPERIMENTAYL, METHCDS,

CIRCULAR PAPER CHROMATOGRAPHV,

The solvent was placed in o 6 em. diameter glass petri dish lying
inside the cover of a 15 em. dlam. petri dilsh. The paper was placed on -
top of the dishes with o wlck from the eentre dipping down into the
solvent, and covered with a %0 em. dlam. glass trough. The whole
systom rvested on top of sheet rubber covered wlth aluminium foll so that
when a welght was placed on top of the glass trough, an adequate seal was
ohtained. This simple arrangement wes found to give better resulls
than the Shandon 'Kawerau' ciroular chromatography unit in which the

paper 1s held between the flanges of the two halves of the tank.

The paper used throughout was 24 om. Whabtman No. 1 filter paper,
This was chosen in preference to the slotted cilreular chromatography
paper (Whatman) beecause of the tendeney found with the latter for the

solvent to flow at slightly different rates in the dAlfferent segments,

Sugars.

The aniline phthalate spray used for the deteotlon of sugoers was
prepared as follows:
Aniline 0.91 ml,

Phthalie aeld 1., 66
Water saturated butanol  100ml
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After spraying, the paper was heated for 10 minutes atb 95~1000.

Fatty Aelds.

The following method was adopted for paper chromatography of fatty
acids, The paper was lmmersed for one minute in a high boiling point
petroleun fraction (Shellsol T - Shell Petroleum Co. Iitd.), pressed
between sheets of blotting paper, then hung at room temperature for 45
minutes. The solutiens of fatty aeids in benzene were spotted onto
the eircumference of a 1 om. dlameter clrele marked in the centre of the
paper alfber small slitas had been cut In the cirele at right angles to
the cirecumference to prevent intermingling when the solutlons were
applied, The paper was then placed In the apparatus described above
with a wick dAipping into a dish conteining Q0% acetic acid saturated
with Shellsol T, and allowed to run overnight, After vemoval frem the
tank, the poper was dried in a worm oven (o 45°) for 30 mimites, dipped
for one minute in a solution of copper acetate (0.5% eopper acetate in
0.05N sodium acetate) and washed for 45 minutes in running water. At
this stoge in the original method (63) the paper was immersed for 30
minutes in ferroceyanide solution (0.5% potassium ferroeyanide in 0.1N
hydrochlorge aclid) to visualize the gopper salts of the fatty aeids.

In the present experiments, however, 1t was found that a betier contrast
was obtalned 1f, after the copper acetate treatment, the paper was
dipped for 15 mimutes in a 0.1% aqueous solution of sodium diethyldithie-

garbamate, then washed in rumning weter for 30 minutes. The fatty seid/
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acld salts then appeared as brown bands on a falnt brown baeckground.

The bengldine reagent used for the detection of wnsaturated fatty

aclds was

Benzidine (recrystallised from aqueous aleohol) 1.0g

Trichloracetic aeld 8.0g
Glacial sectle aecld 20m].
Water 20ml
Absolute ethanol 160m1

The chromaotogram was prepared and rm as described above, snd after

drying, it was lmmersed in the reagent for % minutes,

PYROGENICITY TESTS,

The rebbits used for pyrogeniclty testing were healthy adults of
hoth sexes which had previously been accustomed to the procedure by
belng placed several times for periods of a few hours in the restraining
boxes with the recetal thermmocouples in positlon. The groups uscd in
the tests were formed after all the rabblts had been tested with a
standard pyrogen. After vejeotion of any individuals with unusually

high or low responses, the remainder were arrenged in groups of ten.

Tood was withheld from the animals for a 24 hour pericd preceeding

a test. The temperatures were measuvad by means of rectal thermocouples

attached/
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attoched to a direet reoading electric unlversal thermometer (Type TE-3,
Elektrolabovatoriet, Copenhagen). Rectal temperatures were measurved
at 10 minute intervals from 1 hour before untll about 4% hours after
the Injection. The test meborlal, in pyrogen-~free saline, was heated
to 5‘?0 before being injeeted by a morginal ear veln, and the golutions
vere made up so thot the dose was administered in volumes of 1 ml/Kg

body welght.

PRECIPITIN TESTS

The agor plates for the precipitin tests were mede up from 1%
Tonagar No. 2 (Oxoid) in 0.9% saline containing 0.1% sedium azide.
Wells were cut in the plates by means of Feinbers Agar Gel Cubters
{Shandon Selentific Co.), and after drying overnight in an incubator

(25°) the bottom of each well was sealed with a drop of molten agar.

Serum was prepared by withdrawing blood by cardlac puncture. The
blood was kept at room temperature until a clot had formed, then plaoced
in a rvefrigerator ovemight. The serum was then decanted from the

contracted clot, centrifuged free of cells and stored in the deep frecze,
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