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The Gran-nsgative bacteria heve, for more then half a
gentury, ativacted the abtentlion of workers in various
rolated £ields because of the charsoterisitic propertiesn of
the substances which can be exitrascted from thely cells and
from the culdure mediuvm in which the celis have been grovme
Tha pronounced physioclogicel changes produced in the animal
body when these substencos gain access to the blood streom
ave of Anterest to the physlologlet and pathologist as a
meang of investigating the genesis of fever in infectlousn
disease, to the immmologiet in the study of non~specifie
resglaotance to inf@éﬁiﬁm and b0 the biochemiat - in studles
of the relationship of chenical groupings o hiological

affecline.

Althongh mony workers have studied various properitiep
of neterials extrseted from the baclterdal cells and, 4o o
losnoer extent, those of the wmeterdiels in solution in the
culture £iuvid, no seriocus compavison of the relotionship
batween the products from both sourees appeors to hove heoen
nede. S0 for, 1% iz not clear if the blologioel acitivity
of the cell-fread enlivre fludd is due to the presence

therein of an excrotory product of bacterial metebolism, o




to a celliular component which hes been produced by
engymnie sebion or by mechonienl removal from the cell

gurfoco,

The aim of the present investigations was bto lsolate,

purily and chavacterise the physiologically setive factors

produced by Froteung vulgarvds when grown in & sinple £luld
nedium and to compare thowm with the sebtive naterisl
obtained by exitrpotion from the cells of the sanme straln
of orgenlern. The sbility do produce fover in aninals woae
madinly noed as en index of physiologicel actividy of the
materisls dupring thelir isoledion and puvilication singe
thip effeet Lo probably the most sensitive of all the
indicen of such acltivity snd certainly the eassliest to

MeaBUYE .

Proiens valgeris was chosen ap the Grame-negsative

orgoanisn Lor siudy as 41 is raolatively not-pathogenie,
produeces a highly pyrogenic cell-free culture filtrate and
grows well in a simple medium,  Moreover, the pyrogenic
facbore 0Ff this orvgonism do not appesr 40 have beon sbudied

in deteil.




THTRODUGTION

tPyrogen ( PP « PIRE+  Yey - 00 PRODUCE): o
fevor-producing subatencey a hypothetical substence
bolioved 4o exlas in hacteris sod to cause foever whon
presoent in the body.! Phe Illustralted Medicel Dietionary,
20%h edition, 1944, We Be Soundors ond CGo. Ltde,

Philadelphia.

Towsrds the olese of the 1&th century and during the
early 20th century, when the lInbravenous woute of
administoring medicine was belng inceressingly usod, mony
gubatances were obsorved Lo produce fever on injection.
Thet this property woen aselgned Lo the congtdtuents of the
injection is evident from the use of sueh temme as ‘salt
ﬁ@ver‘&éﬁ and ‘Halversen E@V@ﬁ‘pgag Subsequent lovestlge
atlong traced the ceuse of the fever to the dilvent or
vehicle uped dn proparing the injections and culminated in

516 9847 o 190
' and Rademakor who proved

the work of Silebert
conclusively thet the variouvs injection fovers had o

comnon canae, nemely, the presence in the Injection of o
fever-producing factor produced by bacterdal conteminabion.
“he naome '@yrmg@m’$a or 'Beeterdal Pyrogen' wes,and atill
g, used when roferyving 4o this fover-prodvucing or pyrogenile

substance, and it is npow gonerally accepted thet the




Gromenagabive boeteria ave the mont frulitlful souros of

‘ 34 4115 4nEN | v
guch o snboltonee, although obsorvetlong have

2
& 6:53»1
been mnade of the agbllity of suspenslons, culiburae filLv

. aas . o
and lysatoes of gtreplogooel and other Gromepositive

organdome to prodiuce fever on injoction.

Grom~-nogative bactorio,or thelr products, csuee nony
ropctlong otheyr than foever, snd over the yeerp thers hap
aeoumilatod o vast Literature on the hiologlonl effects of
toxdc fractions from thewo bacbtoris. The nenme glven to
the texiec froetlon in some casew voflogbs the partioulasr
blological phonomenon undey investigetlon csge Yhunore
necrotising ggentt, "Shwartsmen tozin', while In others 1%
relates 4o the chomicel nobure of the Lraction C.gs
‘lipopolysaccharide', ‘glyco-lipidt, In recont years,
it hae become sppeoraent that these blolegleal effects con
be attributed bo o gingle type of componant eommon Lo
Uron-nogative orgenicms snd whieh is olosely associnboed

with the ondotoxin.

Although thore heve been fow gbtuddes oimed ol corvelating
the various hiolozicsl properties of endoxotine, it ig
gonerelly asouned thet the pyrogenie response rollects the
genaral endotoxic proportics as mossured by other howsl

s, .y . 4 P e :Lﬁﬂ
roactions. Recently (1961), Iandy end his co-workers
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have oxamined the febrdle remponse as a method for the
biongsey of endotoxinge and bave coneluded that, ospecially
in robbils, this response ss megsured by the fever index

provides a highly consistent astey procedurd,.

Bvidenece ilg svalleble thet subsbances other thon thope
of bacterinl cvigin may in thenwolves bo pyrogenic, Ehug
ecolloidal calolvm phogphate of cerdain suwrface charge and
particle wiﬁ@ug and methyl celluloge of coriain molecular
waigh%&ﬁ? produce a febrile response in the eboence of
beoterial contamination, and lysergio seid dlethylamide has
Peon shown 40 he pyrogonlie in rabblie at o dosge-level of
1m1Q#g/kg¢&** Mowe recontly, 1% has beon wroeported that
cortain Oy and O,y odervoids wlth o du=hydroxy, B8 configurs
atlon produco favwmﬁﬁﬁ The pyrogenle potengey of ithese
materials 1o, however, low compared with that of mabtericls

obvtained from bactorise

Gortain polysaccharides yrecontly isolated from plani
and andmel Uigeues were reported to possess pyrogenie sndé
other endoboxic ﬁﬂﬁivi%iﬁﬁiﬁ* but later 1t was found that
voriations in the sechnique ueed in prepaving the polye
goaccharides hod pormitied hacterial growth and only
mnateriols devoid of such actliviity wore obisined under

: . . . . i6e
condidiong in which exclucion of bactorias wes deponsbroted.




The loesal inflempation and oodama produced by Intivoe
mugenlar Injeotion or indrepleouwral inotillation of
turpentine la ncoomponied by o Lobpile response ond oextonsive
investigabions of this phonomenon b ﬁenhamifiai resulited in
the isolatlon of a fever-produeing cuglobulin which HMenkin
bermed 'Ryroxin' eand which he postulated to be the active
humoral mediator of fever apsociobed with iﬁfl&mmaﬁmcnfﬂs
It i not certain, however, that the fover produced by
'Ryvomin' e not largely o result of contomination with
axtrancous pyrogenic substances introduced during the
purification of the mﬁﬁ%riﬁl.%ﬁ

Since the carly lltersture dealing with beoterinl
pyrogone hoso been sdeguately roviewed on %aﬁa&é&‘%ﬁgéégégéﬁ’g“
the fivst part of this thesls will be converncd meinly with
the more recont litorslures  An account will be givon of
the worlk which hogs resulted in the dsolation snd chemiool
chareclterioabion of pyrogenle moterials of considerable
pueltys The cuspected necheniem of the fobrile response
to thone meteriale will be discussed and reference mode o
some of thelr other hiologicel propertico.

the scoond part will comsiet of a veport of the

axperinsntal work done by the suthor ond will be followed

hy o disoussion of the experimonital resulia.
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Boction 1. IThe Ghemiotey of Besbordael ndotoxing.

, | o . 55 A6Y
Trom the investigations of Boivin snd Mespobsonu,

ATINATIEE 1 8o

_ . A
Mowgan and Poavbrlidee, Uiles and Pivie ond

D@ 00 . Y ‘ . o,
Gaohel, ey i 3p now novm bthat meny opdooles of Grome

negative baoberia coptain o slidler gurfoce Componont made
ue of phosphorylated polysaccharide, protoin and phospholipid
rouidussse Theve complexes ave roeforred Lo op sndoboxing
or PO'e-gonatie antlgous sincag in pddition %o bedng toxie

Ao
and pyrogenic, they are freguently s demineat innunological

. . . _ 847 8B4
componerhs of the cell surfocos Woahkphal ond hie ealleagﬁaa,
¥ 5

¥,

and ﬁﬁh@ﬁﬁ,ﬁ”ﬁa hove shown thel bwo diffevent bypen of
1ipidd arve prageni, ope of vhich, a toxio Lipid zeferred to
g lipld &,%$? is fdrmly bound {o the polysapchorlde moloety
a8 a Lipopolysaccheardde and on Libevation Ly seld hydrolysis

s poluble only dn ehloroform and pyridines The othow,

a blolegioally-inart, etheprsgoloble, cophaline-type 11@1&.a?5
veforred o ag Llipld ﬁ,a§v s eanlly removad by
digpocietion wiﬁh;f@rmamﬁ&agvﬁ and othay mmlvenﬁsﬁqﬂ&ﬁg
wlthout affeoting sny of the Imown dmmmolegioed or ftoxice

L 87,60
properiies of the endotoxie complox, | 1£, after
remaoval of lipid B, the protein-lipopolysaccharide

(polyseccharide + 1ipid A) complex is ddssosivhed by

S0 gL TG LB

\ , | ne9
treatment with 9074 phenol, hot sgueous phenol




or by aleohol Croctlonspilon in the proesence of high salt
. BaYv . . Y .

songentratlong, the sasuldting protein-fras Lipopolye

pacchardide retoino the toxic, pyrogenie aad other rolsted

R | TE 377 2 TR QB0 LH0Y W BB0
hivlogloal affects of the endotoxin ! ’ but

in u@naaly,ag’ﬁﬁ’ﬁa’$?g though not invﬁwiably,iﬁi only
woakly entigenic ag judged by ite ability to stimulate

the produsbion of agolwdinins and precipitine in rebbits,
whereos the protein-lipopolysnccharide complex ip o powerful
antigon in thigaréspectyﬁﬂ Tho pwrotain component thus
oppeara Ho be mainly concorned with enitligenicity, slthough
toebaol and @a@ﬁga“ have shown that ooliecine X, the

baotericine of Hoohorichin cold K 8063, ig assoclobed with

the protein componont of the 'Olegometlce entlgen of this
O The porologioal epeelficity of the "Oleantigen
ims however, in all espos retadined by the livopolysacchoride

| , , | , 854295
ond 1o detormined by the polyseccharide moletys '

Thus verious wwrk@mmﬁp'ﬁg'1?§’i?a’ign*ﬁé? have demonstrated
the abllity of non-antigenile lipepolyseachariddes bo couple
with protolneg derived from heterologoun Gran-negaitive
haetorlia, producing antigenle conjugatew whieh esvry the
porologleal spocificity of the homologous sntigen. The
only other biologioel properity essocisited with tho polye
saccharide modety 1o that of a beeteriophage rea@yﬁ@raﬁyg

for example, the offinlty of 74 phage for the linopolys
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seocharide of Shigells ponneld sppenvs Lo be detormined by

H = 1 ai s ' L3 >
the polysaccherlde molaty. Feom cthe Investigations
0f Goebel, Morgan, Weatphal and thely co-work y 1t Ao

gloar, however, thet vhile the sutigenlelty and serologicsl
gpeciiicity af #nm endotoxing oye dotermined by the protein
and polyssochayilde componomta, the torxle aud pyrogenie
affects ave assoclobed with The Lipid A nolety. Removal
of thig moloby from the conplez pleo removes the toxie and
p;rmfﬁnwﬁ properties losving opeciflc degraded. poly~

paccharide ond o simple omphoteric protoin.

The exiotoence of an active grouplng (" 2% ) yesponsible
¥ ¥

for the bowlelisy of the Hhigells puralysenterine endotoxin

na 008
wos firet donopstrated by Gosbel and Ris cowworhors. *

On sold hydrolysls of the endotoxin thoy obislned g none
foxie polysacchardde and o toxde prolein {(protein 4,
wherveas by aleohol fraobtiongtlon of om alkalive solubilon

of thoe endotoxin theoy obtadned o nonwtoxic protein and o
toxde polysaccharide (polysacchoride 7). Phe boxdie feetor
Wt wan thus sssogiabtod with elther polysaccharide or
protoein according to the dogradetive procedure and although
Gosbel 41d not sbtudy 4its chemlonl nsbure, subseguent
inveatigations indieste that It was probably the lipid 4

BAL gAY yREH B8 468

modaty of the endotoxin. Devies ond Morgon




%

for exomple, have shown thot mild seid hydrvolysis of the

TO'wontigen of fhigells dysontorise yields n apecilic

degraded polysaccheride eand o lipoprotein, the Lipid
component of the latiter resombling lipid A.. On the gther
hond, extraction of the entigen with hot agueous ?h@ﬁulﬁg
yields lipild A bound 4o the gspecific polyssecharide ag
lipepolysoaccharido, mgwmﬂvgﬁ, Weotphal and hie collangues
have been able o combine foxic pyrogenic 1@y¢§m1y&m¢@hg@iﬁeﬁ
with inert proteins such sg engelin gnd serum albumin

forming avtificliol protein-lipopolyeaccheride conploxes
whieh, on scld hydrolyslo wnder the same conditions ns used
by Goebel sbove, ylald ayitifliclsl toxic and pyropenic

Lipoproteins in which only the lipid A molety ds of
185 pld 8 pRG Y

baaterial origin, (Pigal)s
Idpenolygnceharide, Frotein
(pyrogenia, toxie) (Honwpyrogenic, nop~hoxic)

pH 806

b4

Arpificial 3inonolysagoharide . probein complox

Aoid  dilute

Degraded yolyvsacbharide \\5 Linovretein
- . wh . i s ' . " A R A b v:m "
(Won~pyrogenic, non-toxic) (pPyrogenic, toxic)
Pigedls The combination of actilve Lipopolyseccheride with an
Inert protein Yo form an aviifielal lipopolysscchoaride-proteln
wivieh, on aeld hydrolysis, yieldas o pyrogeude and toxic
Lipoprotein,t9?




Biuce the degwreded polysaccheride spllt ofd Trom the
artificial complox depdng the aeld hydrolysls is aon-fozic
and nen-pyrogenie, 1t appeaprs bthob the Lipid component of
the lipopolyesatchardde lo the importent one fop yyr@gﬁnia
and towle aebivity and that tho polysacoharide, funetioning
only &8 o waber-solvbliising carrder, way bé roplaged by an

othevwise blologleelly inert pyotein.

The ovidence, therefore, suggesls that in the dsolaied
endotoxie complex the spoelfic polysaccharide snd probeln
componaents sorve as wateresolubllising cavrdors to disperse
the otherwise watoewr-insoluble sedtive Lipid & molatys
depending on the metholl of degradsilon of the couplen,
this moledty may roemalin sssoclated with elther the polyw
seecharide or the probteldn, giving toxie sod pyrogende
Lipopolyeacchardds or Lipoproteldn. It has slso beon shom
that mogt Grem-nogative baeteria produce, in addltlon to
the Lipopolypaccharide«protein complen, gome lipoprobtoin,
probebly as a8 vosult of o surplise im Lipid A syntheple over
corhobydrate produetion by the cvgenisms, the surplus being
bound to e protein cavelew @mly»ﬁgﬁ These lipoprotoine
and the srtificinl lipoproteln referred Lo sbove are,
howaver, nuch leas active pyrogonlcelly than the 1ipopolye

sogcharides, suggouting that the degwee of potivity is
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velated to the particle strueture and thet protein s o
leas puitable earrvier oy disgporsing the lipid then is

polysosecharlde.

The influence of the degree of diaspersion of lipid A
on ite pyrogenle activity is algo shown LL the 1lipid ilo
peporated by acid hydrolysis from elther the lipopolye
paccharide or the lipopyoiein, whon it oceurs as o waxy
metorial which, beesuse of ite dnsolubility, le ouly sctive
at dowe lovels upwards of 1QQﬁg/k@. Digpersion off the
isolated lipid in woter by mesns of surfacee-active agent
such an %we@n%*a'gﬁ? regulids in an ineroase in setivity
as shown in Table s 4 further inerecose in activity iso
obtained when lipid A 46 dispersed in o solubion of low
moleonlar welight dexbrens or ocombined with proteln as an
artificinl 1iyﬁpxﬁﬁﬁina‘5 {Fable 1).

Pyrogenic dope

Dloperaion of 1indd A& for rebhits

Suspension in water 100 pg ke
Dispersed in solution of lweeon 1=10 ug/kge
Disperged in solution of low , .
moleeular weight dextrons Os 1 pz/ge
Avtifiedel lipoprotein Oe 0L pg [EGe
Tipopolysacoheride Q*Qﬁﬁfug/ﬁg.

Teble 1o Effoet of dleperelon of Lipid A on 1te pyrogenic
aetivity.




11

Gomparison of the pyrogonic potenoles of the prepavations
given in Yable 1 indicates that the lipopolyssecharlde
prepents the 1lipld A molety in & physico-chemlcal condibion
sopoeiated with moximunm blologleel activity. Howord,

Bowley anﬁ’wﬁrﬁlmw,*gg heve also found that the isolabed

Lipid & from Hecheriohis eoli lipopolyasanccheride, whoen

digpersed in Aerosol 02 or othermise finely suspended in
water, retains the properdy of the oviginal 1ipopOlye
gsoecharide in stinmulating the production of nonwapecific
dmmund by, while the degreded polyescoharide is inert in
this rospoci, Here ﬁ@@,%hé more eéffective disperslion of
the 1ipild as & mseromeleeulor lipopelysaccharide is
indiecaled by the superlor protective aetivity of the inteot
lipopolyeacchoride over thet of the srtificially dicpersed
lipdd 4, the latbter being about 1/l§ﬁh af aeltlive on o
welght bosiss  Agein,Teter and hig 0m~womE9rsxaﬁ have
recontly (1960) shown that the altered dormal reactivity

of robbite to epinephyine produced by EBscherichis eolil

endotoxin le due to the 1ipid A component, the original
lipopolysaccharide bolng approwimetely ben biwes move

potent thun the Lipld A fractilon obtaoined thorefrone

In recont yewrs, the Lipopolyssocharides of Grome

negative bacteris have heen the subject of extensive




Investlgetions sinee, in addidion to thelr asscclabtion
with Lipid A, they retain serologicel spociflceity in the
polyasccharide noiety snd furihormore they eon be obialned
in a2 highly purified stnte from & wide yange of bogterin
by the phenol-wator progesy of Westphal gnd hisg ﬁali%%é%@%:ﬁga
In thiw process, the profein ond lipid B componenis of the
aomatlic antigen are dissocialted, leeving o lipopoly-
saccheride which, because of its larger pertiele size,

can be convenlenily sopaveted from ribonucleic acid by
high-speed contrifuging. Tdpopolysaccharides have bhoon
obtained in this way Lron o nunber of baeterlal speales,

59 | ,
Ineluding Pastourellsa negitls  Lfrom whieh diethylene glyeol

and trichloracetie seld generslly fadl to extrset setive
materials, and it appoesrs to be only method of extraeting
from rough gtralns, lipepolyssccherides which sre as
toxie ond pyrogenie as those from corresponding smooth

»n

abalng.

Gentle seld hydrolysis of the lipopolyseccharide (or
pomatic sntigen) vroeulte in the separation of cold -
ingoluble 1ipid A (or lipoprotein) leaving in soluiion a
ppoaciea-epecifio degraded polysaccharide hopteny the
latter separadted from polution and puriflied, is often

employed in studles of polysaccharide constitution as it




ig reeddly woltor-poluble and so nore ameneble o
Invesbligations of the homogeneliy ecsentlal whon relating

chenmieal congtitution o serological spocificiiy.

The polyseccherides of Gramenogotive boachoris,
oppoclally thome of smooth strsing, ave generally more
complox In composition then the speclile peolysscchorides
of Gromepogltive bacterio. In adddition 1o the commonly
ceeurring aldohexoses (Dwglucose,D-galactose, l-mannosse)
and hexosenines (Deglucosenine,; D-golactopemine), they
froquently contain mothylpentoses (Twrhemnose, Iefucowpe)
ond aldopentoses (Dexylosels  With tho development of
new mothods of extractlon ard purdfication of the
polypaccherides and the application of modern enelyiical
methodn, capoelially papor ohromatogrophys several
additional monopacoharides hove hoen identified.
Aldohoptoses, for exomple, which until recent yosyn were
unknown in naturel products have been idontifled in
Lipopolyusccharides snd specilie degraded polypacohardides

N BB plsngaie ) ‘ 174 N 88,821 4477

from Fhigellao, Hordatella, Chromabactoriun
EW B0 gRBpL78 o |

Pogteurella, ond Salmonella  opocles,

. . P4 240 I
Bpeherichio coli siraine ' and in doolstoed Protoun
214

vualgaris ooll wolln.
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244 pub o

. ) N 190
Shamorvatlions by Westphol end Pon ond Staub

of chromatogroephienlly font-noving acid«labile sugore in

the hydrolysates of epecifiec polyscecharidos from Salmonellao

gpecics led to the discovery of o new serios of snugari,

86 491 p98 4048
' ive nombors of

the 3sbm=dideonynldohezones.
ihe peries, represonting three of the four possible
eonfigurations, have so for been icolsted Lrom noly-
goachavides of (rem-pogative bagboric. Three of these,
eheguoney tyvelose snd peratose have heen found in apeelfie

. o | 50,190 ,247 248
polysaccherides of various Salmonells spocties ' 7 7

‘ 60 94
ond theilr identltiy confizmed by ﬁ?ﬁ%hﬁﬁiﬁ;g Outside

the Splmonelle polyseecharddes the only soureepn of thope

thres sugare orae the Lipopolysaccharides from Pasgtoureillo

pseudotuberenlosis group I (poratose), group Il (ehequona)

88 400 ,
end group IV (LTyvelooe). ' Golitone, the optical
isomer of abequose, haw beon isolobted from the speclfic

R 180
polysaccharides of an Zgchorichis eold strain, and

npcarylosae, the opticnl isomer of tyvelopo, firom the

gpecliic pelyssecharide of Pastourelle peoundobuberounlosis

.66 o . L,
gpoun Ve he m&mamel&&ﬁra and sourees of these osugors

are sunmardsed in Pable B



Source of parent

B ey

H36mdideonymerlbomhorons
(poratose)

polysacchoride

KRy

hefovence

Soimonellin paratyphi A,
Pogteurelio pocudoe
tuberculosis Group I

69
56y 60

oy o

38 Gud l0goxymlmarahingm
hoxosno.
(tyveloss)

admonello

5

FEROuUp e

Befle Be By Lyphooe, 198,

5. enberidlitis
Fastenrolla pgoudoe
tubeveulosin Group IV.

2h7, 248
218

56, GO

B3 G A QR DBty L

Halnonells Group B

hezose, ©efe U _poratyphi B, BT, 240
{abeguone) e sbortuy sgud 847, 246
Pogteurellsn popeudow BG. 80
tubeveulonls Group 1T, ¥ W
B86mdidooRymlimiy Lo Becherichie coll 160
hoxoao. ERIAE TN
(colitosa)
D3 Gmed LA aoRymlmarnDinoe- Pagtouraells pooudo-
nexoso. tubereuloslis @raup Ve 65

{ascarylose - 2o colled
as At was first Leolated

from cell-walle of AsCaris
(porascarin couoruntd),

B

Pablo 82,
haxopos.

sources gand nomenclature of the 316-dideoxyaldce

The ropldidy with which these sugars are liberated from

thelr polyssecharide by asld hydvolysis suggeste Gt they

ocoupy terminel positions in the polymer chain and thus
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gontribute to the serologlieal specificity of the parent
polysacchoridos. It has beon shown that aboguose

specificnlly inhibits the precipitation of HSalmonelln

peretyohl B polysecchavide and tyvelose the precipitation

of Selmonella typhosa polysaccharide by theoly wespective

. 89,021
homoogous snblscrsos ’

furthermore, colltose

offectively inhiblts the precipitation of Egoherichin colld

polyseccharide by ite homologous antiserum, whoeress no
iahdibition In thip system le obtained with aboguome, the
optical imnm@r'af colitoses, The implication of the dideoxyw
aldohexoses in gerologicsl specificity ig aleo indicated

in the recorded gerological eronse—readtion between

Pagteurells ppondotuberenlogds group ILX and Salnoenells of

G460

B
Group I where abeguose iy o common suger, and betweon

Pagbteurella pseudotuberculosis group IV and Szlmonells of
IKETE 66,60

Group where tyvolose s & comumon sugars

B3y6-Dideonyeldohexopes and G-deoxyhezones (rhammose
and fucose) appear o be cherscteristic of gmooth sbraing
singe 1t hee boen ghown that in the Lipopolyseccharides
dorlved from palrs of genetically relateod smooth and rough
ghradng, thepe sugers whore present in the ‘dmooth' polye
sactharide sre alwaye mliesing in the polyssccharide of the

6o ,3{‘3 ’w% ’ﬁﬁﬁ

vespective rousgh variant, he losg of



'Ot eapeeilio choracsteristics whieh oocurs during the 8 — R
chenge ig generslly assumed Lo be due to logs of Bmooth
‘Q'pomatic entigen theveby exposing an wnderlying ‘'Hough'
pomatlie sobigen as o digtinet chemicsl entitys; being

dovoid of deoxy sugars 1t would thus have a differeunt
ppocifieity. Davies, however, puggests that " it is likely
that the 'Rough' polysacchavide ds the skeleton of the

| . 80,64
‘Ymooth' ono, with side chaing leelingt '

CPhe propente of Nesoebtylpglucosanine and Hencetylgalacte
canming in the endotoxic Lipopolyesaccherides is well
satabliched, and ywecontly a new sminodeoryhonosa, Seominom
23 B8mdL0coxy=-Degoloctose ( Defucoponing), oo the Feacetyl
derivative, has been found in the speclfic polysaccharide

. | &6
of Chromohagteriun violasoads Of these amino ougars,

Neacetylglucosaning ,which is found in 2ld the lipopoly-
sacoharidos, is a conpitent congiituent of Lipid A but mey
on ogoasions be prasent also in bthe corresponding Lipide

froe degradaed polypaccharide, In Oalmonells typhooa

Lipopolysagchoaride for exsmple, this suger lo present in
the Lipid A eomponent only, while dn-various Shigella
lipopolyssccherides i4 i found In both the 1ipid A and
degreded polysaccharide mototions 047788 On the other

hond, whore an amino suger other thon glucosamine is precent
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in the Lipopolysacchoride, 3% appesrs to be assoclsted
with the peolysscoharide woloty, since so for only glucose

) . 84
amine has been fouvnd lun 1ipdd A

n & recent reviow of the polysaccharides of Grone
negative bacteria, Davies hap aimcﬁmﬁgﬂ the dsolation and
purification of the polyssecherides, ldentification of the
menogacehardde wnite and the relationship of ougay
congtitution to inmunologleal speeiflieliiy. In oddition,
ﬁé%mi&%& tabley arve given of the hknown sugar components of

the specliiic polysaccharides fram the Initerobacterisceae

. 64
and obther Oran-nogative generas
Lipid Ae

The Lipid A component, whieh congtitutes PbH-45% of
Grom=nogetive hactorial liﬁ@pﬂlyﬁaaahmriﬂ@ﬁﬂﬁg’ia&’xﬁ%’&a#’2*?
in a complex phospholipid, readily ﬁpluhlﬁ in chloroform
and pyridine but elightly, if at all, seluble in other
Lipid solvento. Being Livmly hound 40 be polyssccharide
froetion of the lipnpolysaccharide, 14 is only liberated
fron the latter by bhydrolysis with dilunte hydrochloride

.. B39 e | G0 98 T
aeid, dilute acetie acid or by troestnment of

, . 183
the Llipopolysaccharide with cationiec Llon exchangers.
The anelyols of 1ipld A preperations Lrom various Lipopoly-

paccharides has revesled o close gplmilarity between themg
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thoy all sppear 10 contain about BOY Latly scido, 15804
Dwglucosomline and Y-8 phosphoric acld esiters, bogoethew

) , . D48 047
with amine selds and obhor componentsa

Prolonged
hydrolyais with a strong mineral soid (weuslly 8-10 hours
with BN hydrechlorie acid) is required to set free the
1lpld conptitucntag exbracition of the hydralysate with
ather soparates the ether-gpoluble fatty selds from the
vateresoluble glucosaning, phosphoric meid sobers and
amine aclds. Hieman and hip ﬁ@mﬁ@?k@%@ia& hove chown

that the phospholipld moiety of thaelr Bechsrichig cold

Lipopolysancharldse, when hydrolyeed in this way, alsoe

given an obther snd water-insoeluble Lframetion whiech, on
troatnont wlth agueous sodium hydroxide followed by solution i
gther and subseguent procipitation with noethanolle hydrogen
chlioride, yields tho exysialline hydvochlioride of the
ddanine, l:b=diamino-Seoicoganc. This dlamine, o which
Heinenn hes glven the name ‘neorossmine' and which hao
pubgequently boon myﬂﬁ&awi@@@,iaﬁ i the firvet derivative

of longecheln aliphetic hydretgarbons to be found in naturasl

produsta,

Congiltuent Lottty nelds of Lindd A

X! y *, ié}{; .
Howobtny end Westphal, by chromatographic snelysis

of the febty acids Libereted by hydrolysisn fvom Lipopolye-




b
!

sooovharides ddrived firom eleven Aifforent %p%ﬁiﬁﬂ of Groe
negative beeteris, have showm that the eons serdas of fatbty
geids iz presont in cach copo,. T addition to the satursbed
fabty sedds, copric, lauvrie, myrletie, @Jlmiuiv, arachidle,
lignocerie and poseibly hohenic, the serdes includes olelo
scid and o chromotogreapbically fostemoving seid which
sppears to he a B-hydroxy acids, Niomsun and his comorkors

have alpo isolated o fehydroxy sedd from th&ir tacheprichia

coli phospholipld, mnd confirmed its i&ena*ﬁy,&v f=hydromxye-

g
myristic 20id, by comparisen with synthesised acide

endrmmmi . m e 1 A v eeded e meeboes { Tgemd R
ya jar-ootuble eonstituents of 1indd 5e-*

These inelude phogphorle aold, elthonoleming, DedlilQoge
amnine sud verious emino acids especielly ithe dicorboxylic
. _ 1249247
aclds, aspavidic and glulomic. In the waﬁ@rwaalﬂbie

fracstlion of Escherichia doll and Selimonells ahorltua~agui

Lipld A hydvolyasbos, glucosenine iz the mejor constltuentd,

gguivalent to YHB% and 90F mf the tobsl nitrogenous consvituent
. B4 4 n4 . . ,

roppoetively. ﬁﬁm&%my hags shown that in the onse of

lipdd A fwom some Escherichile oold stralns, the Deglucossmine

ig bound to the phosphorie agld in tﬁe forn of Deglucosonince
dwphosphotes  Diring the hyawaaywiﬂ of the Lipld with
gtrong winersl acld, the De-glucdsoninowdephomphate ip

convertod by trangphosphorylation do the mero stshle




Dwglucossmine~dephosphatc. Defiluc ospming-dwmphoaphate
Govivativoed heve aloo been found In the lipid £raotion of
Gorwabis moveopcons, Feoudomones seruginose and Nelseerio

- . 168
gongrehene Lipopolyssccharides,

fecontly (1961), Nowotny has invesntigated the chemical
gitructure of the purifled laolated Lipid component of
povaral Salmogells lipepolyscecharidois. Howotny refers to

tes

thig 1ipid as o phosphomucolipid, thecsuse of Lin conitont

of phoaphorue {(P,l.0«2,88), glucosenine (18-20%) and fatty
pedds (BO-H0%) . Malynils of the watevesgoluble constiituents
of this 1ipld has revenled the presenge of Deglucosomineg,
amell anounts of smeveral aminoe scldes inecluding aspartic

and glutamle, Deglucospminew-G~phosphate, De=glucoaaidiltuede
phosphato and Deglucopamine-dwphogphate subsbituted with o
poptide choldn in thoe l-positions it eppears that acld
hydeolysin of the 1lipid liberetes D-glucopanine-idephosphoato,
depapildo-Deglucosaminowdwphoasphate ond Deglusoesomine in
eguineler amounts, and thet the selde-otable Deglucosaninge
Gwphosphate found in the hydrolysate is produced by
trangpheaphoryloftion fpom the Deglucosamine~dwphosphaie
derivatives durlng thoe hydrolysig.  Nowoilny has suggeosied
thot the Deglucospnince—phopphatc unlbts ave probably linked,

through pheaphodiester beldges, in the Lo of o polywia




glucopaminc-phosphate ehoin in which the glucosamine ie
enterified with Lfatty acids (Mig.8)e Although the exaet
pogitions of the different emino melide in tho chain hes
not yet hoon fully determined, the linkages sppear to be
through the smino group and the Gy and Gy hydroxy groups

off the glucosanine.

peptlde « 1 & GA = P o« GA & P o« GA

1 2 kel 2 T 8
» by » 7 ki I

® = TPablty acld
GA = D=Glucocssmine
P = Phosphoric Acid

Tlge 2 Tentotive structure of t?gsphnm@h@muaalipié
from Polnonells straine.

Ldnkape of the proteln, phospholipid A and polyssecheride
components in the eondobtoxie comnlox,

Since glucosamine is elwayp present in lipid 4

together with one or hoth of the dlcarboxylle acids,
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agpartic and glutsmic, 3t has beon suggested

That
the principle wmoleties of the endotowic complex are
probably linked dn the seguence polypeptide ~ Lipid A =
polyssecharide (Figes)s  Thus, gentle acld hydrolysin

of ‘the complox liberaies the degreded polysaccharide hapten
by oplitting the seidelobile linkege betweon ncetyglucos-
gnine ond other sugar r@ﬁﬁﬂu@ggss*ga'ga’a‘ﬁ Hydrolysis
with alecholic slkali, on ﬁh@ othey hand, relepsos the
protein component by splitting the elkali«lebile protein

. . RE ARG 4R
sminodicarboxrylic aeld linkege. .

Degraded polysaccharide

T ey 4 Yk i)
%ﬁ%;xﬁ%ﬁ%ﬁﬁ&%ﬁ
F0. . S —
GlLucosanine
Lipoprotein

%%Q%gm%

LAnonoly=
gaﬁe%%riﬁa
Aminodicarbozylic aneidd

e e — — — ———Aloobolic alkali
or phenol woter

Protein

Mg 3 Probable linksge of the princlple components in
endokoxic compleoxepei? sB47




Dooblon Il Biolosiceld Lffects of Indotoxing

vory de now known thet these bacterisl produets
{ondotoxing) ave s conmon denominator thoat oxplaing seemingly
unrelated obsorvations snd experiments esryied out by
miarmbiuiagi@%@, phypiologlets, pethologiste and eliniclons
over o period of slmopt o century® . PBennett and Gluflf,

Pharmecological Roviews, 1957, B, 48%.

in gbudics of the biclogleal effects of Grom-negoative
bacteria, dilferent workers have employed endoitoxin
nrepareations varying from crude bacterial Liltrates bo
the highly purified lipopolysaccharides deseribed in the
proevious gegtion. These endotoxineg, irrespeetive of the
specien of Grame-nogetlve baeteris from which they ave
derived, have in common the cappelty to e¢licit, on injoction
into an eppropriate host, such diverse resctlions as fever,
changes in circulating leuvkoeyles, hyperglycaemia ,
metabolic disturbances, hasmorrhegic neerosis of coridaln
tomors, and the Shwardeman w@metiwn.g*'g&v dn recent yeors
these hos boeen on lnoreasing interest in the role of these
pubstances in the pathogenesis of infection, egpecislly in
thelir abillty, on dintrovenous injection, %o siinmulate a

profound incraase in nonespoecific immunity. I addition,



5
&

endotorin fovar, &1ﬁﬁ@ugh artificial in that 1t involvos the
parenteral administration of o bighly toxic purdfied
foraisn aubstanca, hos been invalusble in situdles of the
pathogenesis of fover generelly.

Since ﬁh@nvari@um physiclogleol effects of ondoitoxing
have been roviowed on several mmamwi@ﬁﬁ,é'ag'ﬁz’¢$’gg?’ﬁga
and ag recently asg lﬁ%?yaﬁ the following sccount will deal
nainly with preseny day views on the mechanisms underlying
cortein of bthese offects, snd will indicate the troend of
investigations which may open the way %o o hetbter
understending of the body's renction to digeases of

bacterial ovizin.

The febedle wesponse to endotoxing,

Charocteristion of the fovaer vosctiont-  The endotoxins

of Gram-nogative baoteria, when introduced inte thoe blood
gtresn of non and experimentsl snimals, couse n reproducible
febrile response which ip characterised by a wolleostoblished
paguence of resgtiong.

de A logeporiod or lateney of 16-30 winutes in rabblte,

catt and dogs, ond 30-00 winutes din manﬁg’ﬂg’ioﬁ procodesn

the onget of an abrupt oise in body tonpersture. Thoe
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ensuing fever, after all but minimel douses, exhibit a
biphagio pattern where a second fover peak follows an

. , " RO 4014
incomplete defervescence of the fivets ’

the congtancy

of this biphagic vesponse has proved to bhoe an lmportontd

point of diseussion ln welatlonship to the mechanipm of
endotoxin-induced fevar. After ordinary doses of endolboxin
the feover persists for 4-8 hours, bul it may be much prolonged

. 103
when lerge dosesn pre adminlstered.

2e 4 pronounced leukopenis commences about b minutes after
injection and peraslets 1-2 hours hefore giving way o =
leukoeytosis which attedins & maximan B4 hours after
inj@@ti@ﬂ.4'5’30’$$'ggﬁ The leukopenis is primerily due 4o
gresaulocytopends, stbreibuteble largely o wetention of tho

"4
leukoeytbes in the oapllleries of the lungs and spleeny in

thin respect, Wood and hie amﬂwa@k@rﬁmﬁg have rotently shown
that endotoxing eause clireulating leukecybtes to adhere fo
vagoulnr endothelium. The rebound leukooytosis is melinteined
in the anﬁamé@ of & persisting and inereassing lymphooytopenia
and @wﬁimay@nia,ﬂgﬁ and appocrs to he aswoclated with

relesse of white cells from the lung and dnceresse in bone
aorrow activity. Beveral workers have observed too, that
leukoeytosls can be elicited with sub-febrlle doses of

408 gB¥ 4 yDED
andotoxine




Se A mtate of tolovance, in which the febyile rosponse

Lo significently dopressed, is produced by ropeated dally
injections of endotoxing. hin induced resiatonce is in
no way epaclifle, ss animsls rendered fGolerant Lo endotoxin
from one apecies of bacturls ave alwo bolevent to thowve
From heterologous @@@ﬁi@&;ﬁ'a‘ Moreover, rosistonce ig
daveloped not only to the febrile reosponse, but aleo to
other biologleal offects of endotoxing, such as tunor
ﬂﬁﬁmﬁﬂiﬁ’Q&& l@ﬁkﬁﬁ&ﬂi&ig’ag and the 1@%&&@ ﬁff@ﬁtagig'aﬁg
PTolerance e o relative, dogo-depondent phonomenon in thatb
ondnale relrpovory to the injection of o given dose may
raact novmally to o highew (dose while giving no rosponwe
to a lowoer ﬁﬁa@*xﬁi Foartlhlermore, o eomplote refrectory
gtote ip never achioved, as sulmalas continue 0 rospommd to

, - o L a8
rapested dally doses with saall but signlficant responeos.

While there is reason bto bolieve that the development
of veglatanee B0 the wvariovs blological offects of endotoxing
invoilves the sabe besic mechanlsus, the depression of the
febrdle wroeaponao, in ite case of maa&uw%mam@,'ig a upeiul
indientor in studies of the dynemiog of the phanomonoi,.
From the Investigotions of sevewal worlkors 1t is now cloay
that the sntigon-antibody weactlon, in elasviceal fowi, il

not dnvolved in the developmont of bolevance. 1% has heon




ghowm, for ezemple, thet tolerance canmot noymally be
_ ZWSL T .
tronsforved passively by serun, boars no releaetionship

14 442 4854270 4274 ‘
T amd can ho

to elreulating sntibody leveln
produced in subjecte with mg&mmaglabulimaemmm*iﬁa Thet
the thermoregulatory centies do not become vefroctory to
the pyrogonic actlion is ovidont fwom the fallure of

repeated dally Instillations of endotoxing into the sube

N . , R
prackhneid sonce o induca LolepPanoo.

There is, however, shundent ovidence +o sugpest theb
the development of tolerence 4o bactordial endotoxing
involves aun ineroase in thoe phegooytie zetlivity of the
reticuloendothelial systom, whereby injeoted endotoxin ie
removed more roapidly from the circuwletion with subseguent
PPR8RT imie s

denonstrated, for oxemple, by the abolition of tolerance

diminution of bBlaspue injury and fevex.

follovilang aduninietrstion of retlculoendotholisl ¥ blocking®
apents such as thorium dioxide (Thorotroest) or trypsn blues
tolerant rebbiis glven these meterdsls sre sgein fully
puscoptible to the pyregenic effect of the ﬂnﬂﬁ%mxigfla’léfgﬁﬁ
Turthermore, it has been domonsirvated thet the inleciion

off endotoxin into apimale produces o Pransient depression

of the reticuloondothelinl aystem, followed by o phace

af byperphagoeytic sotivity an meapured by en increasge in




the vrate of ﬁl@mm&nc@ from the blood gbtyroam of introvenously
adminigtered eolloddal ﬁ&ﬁbﬂn;%ﬁ - Begont egtudien show
that thoe phese of stiswlotion ig sopociatod with sn increaspe
in the number of seuively phagoeytle celld in the liver,
sttributable to dorment cells development phepoeytio

1iv 9200
properbing, Froedman (1960) has aolsoe found thot
toleronee to the pyrogenie effect of endotoxin in tho rebbit
eon be achleved by pasnive trensfer of plasma or serum Lrom
donoy wrebbite which hoad been rendered tolerant by the
adminigtration of o cordain ¢ritiaesl schedule of domen of
endotoxin, and furthermore thot the blood of the tolerent
donor otimuletes the retlouwloondothelial system of the
vecipiont, an moasured by subeeguent earbon clearanco in
the la@%@r¢$g The obseorvation that tolevence can still
he induced in normel reedpionts by injection of plesme from
donor enimals in whieh teolersnee hos boen abolished by
adoinistrotion of retviculoendethelial sysdten 'blocking!
&g@mﬁa.gg and the finding that endotoxin when mixed with
solovent plesmo and adminiotered as single injectlion gtill
producoes fﬁvaw,ﬁg suggest thet tolersnee or lis trancfer
s not medisted by antibody to, o humoral inectivator of,
gndotoxin, but point rather o o causel velotlonship of

the wetilonloandoetheldal system to endotoxin bolevonce, The




naturae of the astive subsitence in tolerent donor blood hap
not ng yet heen eluelidated, but Freedmen reports the
imolation fronm thoe blood of tolewrsnt bub not normal donoro
of o froction which aonfers protectlion spoingt ondotoxnin
and alpo ﬁ%immlaﬁﬂg the roetleuloendothelisl systeom in

CEe
nornal veclplonts.

More recent investigntions hevey however, shown that
in certoln clroumeitonees, mice possassing inoroased
phagoeytie setlivity, as moesured by the rote of clearence
of celloidal cavbon from the blood sirean, may be highly
goneitive to the pyrvogenie ond btoxic effecte of endotoxings
for ezample, during the course of intracelluler iufeeﬁienﬁ'iia
or after sdminietration of ﬁymﬁﬁﬁnoiﬂ The resson for this
hag net yet boen defineds Gooper and Htuverd (1961)4ﬁ hove
also shown thet while glyeeryl triocleste stinulsites a
phageeytic sotivity eqgual to thaet achieved with 1ipopelye
saccharidea, 1t rendsrs the mnimels more susceptible to
endoboxic gelivitys Morveover, depression of phagogytilce
petivity by adninigtration of ethyl m%maw&taaaé doan not
appreciably enhance sugeaeptibility to endotoxine aw dooes
"plockade’ of the rotleuloondothellsl ayobem wid
mhorotrast. ©  On the basls of these obworvationw, Cooper

.y ) ‘ﬁ a 3 3 - 4 N *
and Stuard conclude that the development of weslistance
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to endotoxing may involve noit only an lncresss 1ln phogoeytic
calls, but perhape olzo o stlmuladtion of sn intragellular
mechanisn of detoxification, Involvenant of seorun faclors
in the éﬂvﬁlapﬁ@mt of pyrogen bolerance will b ﬁiﬁﬁnﬁﬁﬁﬁ

later.

Gontrad oite of sotion ol the febrile vresponse to sadotomind,

W eeer

Gontral o

@ﬁaimfﬁagﬁiom_mﬁmﬁ%gﬁﬁ@%wgggumg@wam@eﬂ%ngnﬁaﬁgxinﬁ,
the production of fever by beeterisl ondobtoxine ls the central
nervous syaﬁ@m*Q% the precige wite of sotion in tho mystenm

e not fully sstebliched. The obpervetion by Taenschmid

and Behniteler in lylﬁxﬁ? of the essential role of the
hypothalomus in the regulation of body itempervature, and the
pubgeguant denonstration by Henson and his eﬁmwawk@rﬁéi’ﬁeﬁﬁgﬁd
of the ezistoence of 5 heab lovs contre sand o hent ¢onservabion
cantre in the reglon of the hypothaleomue, engpested that

fover oould respult from digburbance of ﬁﬁ@‘hyp@ﬁﬂﬁlﬂmiﬁw
ragulatory mechanisn and indieated the hypoithelanus ap e
possible central plte @f the pyrogenic soetion of bhacterisl
endotoxing. Invortigations of this by earller workors,

who abttompted to Induce fover in sninals Lollowing the
plocenent of regtricted and massgive hypothelonlo losions,

m . . 40, 104,804
produced inconclusive mnd often conflicting repulte
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Necantly {(1959), however, Wood and his cowgorkers

have shown thoet connsetion of the lower hraln olem to somo
hypothalande ares do egsentisl for tho production of Tever
in cates by dintraveanous dujection of typhold Vﬁ@ﬁin@, and
vropulbs obbained by Shoth and Bovison {1&60) with
dntraventriculary injeotion of endetoxin aluo support the
hypothesin of olocel hypothsloniec astlon. il the
speellle alten of setlon aye fully defined, 4t 1o usual bo

rofor o themn ag 'LhwxmnWﬁ salatory cantront.

Hecheondam of the febylle wouponso.

While the participetion of fthe contyal nervous syatbom
in the febrile fﬁmpﬁﬂnﬂ t0 boeterial ondotoxin ls well
aegtablisbed, +thoe train of events leading uwp Lo the triggering
of the nervous systom hag not yolt been Cully olucideted.
The period of ‘time which elapses betweon injeetlon of the
opdotoxin and the isge in body tenpereture suggoested to
ﬁa@mmﬂti that the gaetlon of the doxim is indlrect. “ho
general conecept that the fever accompenying verious
diveane atoten dg due to relspee of fevereproducing svhotances
from dnjured tlpsuss ond Jw“iﬂ,ﬂm and the fact that
gudotoxing are gapable of producing wideppread cellulor

0

o * " ¥ " 3 o ﬁﬂ *,
ARnJUey led Atkine and Wood $0 suggest that the latent

pordod iz the dlme voquired for the endotoxis to couso



tlseane.  dnjury wlith resultant release of a mecmméaryvfaéﬁﬁr
of endogenrous origliin, which pets on the nervons sysiem o
produse Cevers,  Following the observation of Grant and
Whmlmmiﬁa that the serum of rabbita, as long es three hours
affter dnjection of dyphoid wveccline, contains o component
which produces o fover ol replid onged when Injected into
a gecond group of rabbits, Atkdng and Wood have donmonsirated
the presence of fwo distinetly differvent pyrogenic faoctors
in the sera of rabblin after intravenous injoction of
gndotoxine. (na of thape da vapddly clesyed Drom the blood
shtrean and e blologicelly indlovingunlehable Lrom the
eundetoxin Litaelis The other, which appeors later, perpietc
throughout the febrile responseg, and ito concantration in
the elrouwlation ie diveetly proporitiousl to the intensity
o of f@verfga This Factoy, reforvaed (0 ot endogenousn pYrogoily
diffors biologleally from endotoxin ia that 14 produces
o movnophasic fever ofushort laient perdod in hoith normal
and em@atax&nmtalemaﬂﬁ'r@eipianﬁm bt dooen not Litnelf evoke

' Vel g 204 _
tolerance on repeated injection. gain, unlike andotoxin,
it dg thormolaebile, boing insctivated by hest at 90° fop
o minut@m.mgm Potorgdorf and Dennott have aloo shown
the pressnce of endogenous pyrogen in tho geras of dogs

afbtor sdnindioteation of o number of diffevant vagoinon
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and purified endoboming.

TR L 130 ¢B5
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The previous demonatration by Benneitt and Deepon

of a heat-labile fever-producing suhetuones, biologleally
indiebinguiabable from endogenous pyrogen, in whole granus
Locyter, leukooyie exiracta and storile peritonenl exuvdates,
aad bhe pronounced ioukopenis whloh inveriably precedes

i o ) . ‘ B8O, 000
fover affter adninistration of endotowin, sunpoert the
ddea of Milins snd YWood that ondopenous pyrogen is a product
of dansged cellis, The strong affiaity of endotoxins for

%7.%%9.%5%

polymorphomioloar leukvoyben, the inability of dogs

made Leukopenic with nitvogen musdard to elabovate endogenous

e

PYLOLEN, and the finding that volynoerphonucleay leukooyies

rolenge endogenous pyvogen iuto the cell-free {inid of
inilammstory eivdates in vivo and In vitre,agg further indicate
the polynorphonuclear leukoeybes ag an inporbant source of
thic Taotor. In nan, Croanston and his co-worls re have shown
that the leukoeytes are smﬁﬁmﬁimlrfnw tha fever of repid

onset produced by ducubating endotoxin with the patientta

N g?ﬁ’ i”ﬁ !
own blood.

These Lindings bhave led to the hypothesils thot endotoxline
induced fﬁ?@@ 1o mediated by an endogencony pyrogenie facltop
eeleased from Loukooytes when indnred by endotoxin.

King snd w@mﬂ,lﬁa have ghown that this ondogenous material
acte diveotly on the thermoregulatory eontyes of the brain.
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Attompte to elucidate the biochomiecal properties of this
foctor have o for bheon unsuccessful but it appears Go
contein both carbohydrate and proiein, is non~dialysabie
through cellophane, ond ig thermolabile. Ite pyrogeniclty
is wnaffected by wiae.ranges of pH and it lg resistant to

21 9200 4,260
the action of trypsin, chymotrypsin and rivonuclepnte.

_ - N 14% 800 261 . .
While King and Yood believe ondogenoun

pyrogen o be the pole faetor vesponsible for ithe fevew
induced by moderste intrevenous injections of endotoxin,
vecont atudics by Pennett m&ﬂ his co=workers indicate thatb
in some caves oendotoxing may avt divectly on the thermnom

10 900 927 9101 9104
regulatory cantreg. Thus, Lfor examplo,
Intrathecal adwinictretion of minute doses of endotoxin
resuldts in a high fever wliich ls not apsociated with
leunkopenie or release of endogenous pyrogen;av’iaﬁ no
toleronce ie evoked on repented administration by this
routa, and enﬁoto&inntolerant rebbite show no decerease in
veaetivity o intrathecal injection but respond with prompt
fever after litile or no 1&§mperiaﬂ.g? Again no endogonous
pyrogen is found in the serse of rabbits fevered by injection
of endotoxin into the subarechnold space.zv The digappearonce

of +the second fever peok of the typilcal biphessic febrile
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rogponge to endotoxing referred to previously is usually

the firet sign of the development of toluranne, and appenrs
to colnelde with the fallure of endogenousn p&rﬁg@ﬂ}%ﬂ appesry
in the ﬁiraal&tiaﬁ¢194 Sinee both thia nealk pnd the
andogenous f@ﬁﬁﬂ@-g@@@pa&r when, at this stage, a retionlo-
endothellial bloeking agend imlaﬁmini@t@y@d,'i% hns @@@n
suggonted That @g&gg@ﬂﬂu@,@yrﬁgﬁn in @wmhmhiy mﬁﬁp@ﬂgiﬁle
for the latier @ﬁﬁ&@ ﬁf,févﬁr and ﬁh&f the @arly phase,
iuﬂay@mé@nﬁ off the endogonous fmﬂﬁﬁwp lg produced by diroct
‘agtdon of the endotoxin on %he thormoregulatory centrohs 10
If this is the eﬂﬁé,‘%ﬂ@ sarly ﬂiﬁﬁﬁ@@@ﬁ&ﬁ@ﬁ of the goeeond
fever peak moy be expleined in terms of increnped phagoeytic
aetivity of the reticuloendothelial system,. whereby injected
endotoxin is removed from the elroulation before tissue
demage, with subseguont release of the mea@n&mrg fovats
producing factor, Gon oceur. The concept of ﬁh@ dilrect
actlion of endotoxin on the thermoregulatory centresn
pyaﬁu@ing'ﬁh@ Lirgt Lever phese aplso offers an explanation
of the fact thet andnals never becomg conpletely tolerent,
by presuming that some of the admindstered endotoxin,
aseaping c¢learance by the retiouloendothelisl sycten,

penetrates direotly to thepe contros,
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Wivile cerxiticisums of the interpretetlon of these findings
ae ovidence of o direct setion of endotoxin have been nade
on the grounds of the well-lnown sensitivity of the thermnoe
regulatory centres $o any noxious gtimuli end the insenglti-
vity of the passive trangfor technigque for detecting
endogenouns ﬁypwgen,gai the finding of wig&ifﬁaant amounta
of wnchanged endobtoxin in the cervbrospinel fiuwid alber
intreavenous injection of large dowvss of eﬂﬂaﬁaxﬁnﬁ? doag
indicate that in this cswe at least, endotoxin, by " spllling
over" Into the spinel fluild, ney sct diveetly on the brain.
On the basis of these and other &b%&wV&%ﬁwnwgi*Qt’a?’ig$’&aﬁ
Potorgdors éna Bennedt fevour the hypotheels that otdotonine

dndueed fever is mediated by two distincet mechonionsg-
(i) 4n indirect sobtlon involving endogenous pyrogen ond,

(1i) A direct setion of the toxin on the brain by penetrabtion
into the ¢erebyrospinsl fluids,.

o 191 o 156
The concopt of Petereadorf sand Keone and Keene that

endotoxin penatrating into the cerebroupinel {fluld affects
the thermorvegulatory centres ia supporbed by the more recent
(1960) demonatration by Veans and his aﬁli@aguaﬁgﬁg of the
high fever evoked in wabbits by intracerebral adminlestestlion

of mimute doges of ondoloxin. These workerd, however, were

[l
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yneble to confirm the finding of fenuelt and Kﬁan@ag that the
latent period i shorier by this routs of adminlstration,
ond they concelude from this that ithe faver 48 not in fach
due 10 o Alwect notlion of the oendotozxin of the thermoe
regulatory centbyres, but %o the formetion of endogonous
pyrogen ddrectly in the brain tissues in the dmmediate
viginity of thepe centres.  While such a concopi, in
pugeesting thet the mecheniom of the febrdle response nay

in 0ll casow bhe through mediatora, would provide a hesls

For the uwnitorm interpretation of fover, it propumes thed
endotoxine cany by reacting wiith nerve cells and byain
tinoues, reloase endogeonous pyvogen and this has yel Lo

be shown.  In faod the only established source of endogenous
nyrogen up Yo the presont are the pdélymorphonuclesr leukoe
myﬁeﬁ,ig’&ﬁm and one of the nadn points of evidence quoted
by bomnedtt end cowworkers Lor a divect setvion of endotoxnin

. nY 40
on the thermoreguletory centris ’

i hag been the
obsorvebion that a normal Lobrile response i eliclied by
adminietration of endotoxin to animale rendered gronuloe
eytopenic by means of mechlorethamine hydrochloyide (nitrogen
mmm%&réggiagﬁiae’iﬂ& hecently (1961}, however, Herilon,
Yelker and zﬁ?mlmeri 1 hove foumd thal vebbite without

civeulating grouvloeytes develop no fever after injection
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of endotorxin, and these workers ouggest thet the fover
ohserved by Jonnett and cosworkers in wmechlorethaumine-treated
animals wag reluted to the degree of persistance of gran~

uloeybes.

Phe, role of. endopsnong, pyrosen. in, the pathogenesis of Lfovers

Abkcing -has recently shown that the febrile response o
intravenous injection of influengel vivuses is adgocleted with
a bransferavle ondogenouns pyrogoenic factoy the rollase of whloh
Into the elvowlation appears te be an essenbial step in the
pathogenesls of vivel ﬁmvwwgﬁ CThe souree of the endogenous

material hos nob yeb been esbtablished, bult the absonce of
AGa PRaAeL

granulocybopenia in this type of Lever suggests the
laplicstion of sells other then polyunorphonuclear leuwlkocytos

as Precursors.

Evidenocs bhas algo been presented that pyrogen of the
endogencus type may be reasponeible fox nmosb, 1T nob ail,
eases of fover sssocisted with Inflamsetory @ﬁﬁ&iﬁiﬁﬂﬂuﬁﬂ’m&k
It hag been established, for sxample, that the fevey acoompaiy=
ing ppeunoygpoocond peritonitis in rabbiids ie due to endogencus
pyrogen devived from the polymorphonuclear leukoecytes in the
peritoneal exudate and carried 4o the clrculation via
lymphatic chameles emplying into the thoracic ﬁuﬁﬁ.m&% Bing
and Wood have also denongtrated the preseance of clrculating
endogenous pyrogent in animals with experimentel strepiococeal

cellulitis.**®
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Effect of wormel blood sewxwn ol the febvile xespones 1o

Ay

endotoring.

in the course of situdies of the febrile rogponse,

vardioue workers have ghown thoet novmel blood serum containg
factorn which, whon they intersct with endotexins in viitro,
mey olther onhange © PP 0T eRAR L0060 iﬁ&aﬁiva%%’%gﬁiégf’
the fever-producing properiieos of the Lattor. Fnheneenent
of the pyrogenic eclion, charscterised by o shortened
latent perdod and an incereased height of fever, has been
demonstreted when endotoxin io mized with normel pabhil

: ) . . Blglon,10i
and human blood serum Lor o short poerlod before injeetlon.
The mochenism of thls effect has not been definoed, and
although the serumealtored ondotoxin rosembles endogenous
pyrogen of loukoeytlic ordgln in several %ﬁ&pwa%mﬁﬁ’xnﬁ’lga
more recent investigetions suegest that they are,in foct,
different mmhgﬁaneegﬁég 01uff end his co=-workors have
alao obaervad a olose ceorvelotlion between the appearsnce
snd disappesrance of pyrogen tolersmee ond the disappesrsnce
and respptarence of the pyrogen-augmeniting factors fyom
rabbhlit gserum, euggeating thet these factors may he involved
in the devolopment of olovence to @mﬁa%mximm.@ﬁ Thig
effect would, bowever, appear to be gecondory to ths »ole

of the retlovloendotheldal system, since sbolitlion of
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tolerance by adminlsgtration of Thorotrast is not associated
with 8 weappenronce of the augmenting factors ib the serun.

Gludl and E@ﬁﬂ@@tﬁ* have shown thet whereas pyrogon
sugnentation is not depondent on the temperature of incubation
of the endobtoxin-serum mixture, lnscbivation of the pyrogen
on the other hapd is due to & heat~lablle Laotor whigh ig
only evident after prolonged incubstion at physiological
themperatures. nder appropriate conditions, inactivation

LA 4 2B0 4166 9RONyRBK

of all the obthexr biologleal effectes of endotoxing,
#8 well an alterations in thelr ilmmunologloanl prmpertima,ﬁm'lma
nay he obiained, and ﬁagmm&nmieﬁ haa suggested that the
inactivating princlple appears 0 he closely related o the

o . ] 139
ahom. fieaently (1961), Lendy and his co=workers

prw@eﬁ%ﬁim £
have shown that the insctivation of +the pyrogenice effect hag
the charscberdotios of an engyme=gatalysed reaction and is
dependent upon the oconcenbration of reactants and the pH of
the reaction mixbure as well as on the btime and tempoerature of
ineubation. Glomplete pyrogenic inseblvity of the ondotoxin-
serum mixture wos not achleved, and the residual activity woe
ghown to be - due to unaltered endoboxin, Tandy has digeussad
the possible origin of the endotoxin degrading ensyme in

normsl serun and has puggested thaet the presence of
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pueh onzynes in phegooysie eells may prove Lo he of
apeclial signiflceance ipn the defaence of the host againgt

. . 187
endoboxing.e

Stinudation of non-sveeifio dmeunity by ondobowine,

In addition to the soguived immunity wo infection which,
in the clossical sonso, doponds upon the presencs of
elroulating anbibodien evolked in vogponge o gpecifie
antigenn, 1t i8 recognised that thore slpo non-speciiie
body defence mechenisns,which cer be shimuloted by the
Injection of various subatancen of baolerisl sud othor
axigiﬁ.gﬁ’$**’ﬁﬁa’$i$’aﬁa Prondig, fop oxomple, has
regorited the rapid devolopmont in mice of & protective offeot

agninst expeorimentel Infections of Solmonolin derby following

the injection of o nuwmber of bacterdel veccines, on efifect
BB s

which he rofors H0 ap " proinmunilty Y Agoin, Pield,

4 » * a ” . y »:

Howerd and Whitby  have shown Tthat, in addition to the

epecific dlmnuonity developed +to Salmonolls typhoss infectiong

by the intravenecus injection in mice of the homelogousn
organism, an lnovessed resistonce o the infeotion is aleo
rapldly produced by the sdipinisptration of heterologous
Gromenogative orgenisns, olther Living or desds Although

the level of non-apecific resistance achleved in this wey




1g lower and more trangient than the lmwunliy which follows
sduinistiration of gpocilic dlmmwmiging sgente, 16 io nevere
theloss suffielont bto indlento thot 1t mpy play en importont

role in the gonersl boedy defence agoingt infection.

€,

From the investlgations of melay?ai Londy end
_ COAAD $LER LGB . tan . )
PLilimor end Hurnd it 1w now eleay that the
component of the bacterdel cell rvesponsible for this asctivity
1 the Lipopolyssccharlde Lraction of the 'O'w-snitigon, and
1t hag been shown that lipopolysaccherides Lrom virtually
all opecios and straine of Granensgetive baocterda, including
rougn Vari@n%ﬁ,iaaiidg aré egually siffeetive in the vespect.
Porthernore, tho resulbting nopsopecific lwmunldlty esppesys 4o
be effootive not only ageinst experimental Infeotions by
Gran-negative &r@mmimmaagiéa but 40 extend alpo to cevisin

! 47768
Gran-poadtive infootlons. ?

The inergased vesigtence to infectlion produced by thepe
polyssceharides ip evident 24-48 hours alter Intravenous or
intraporitonosl injection into mice and ilo preceded by o
short poriod of inorasued susceptibility immedistely fellowing
imgm@ﬁi@m.igaﬁagﬁ’1sa'ﬂ&a*ﬁ§ﬁ Hurni hos algo shown thatb
o gecond injection of lipopolyasccharide a short time ofter
the first produces o more pronounced initisl susceptibility

in the course of whioch 1l-10 Bocherichls colldl eclls are




44

sufi{iclient to kILL the snimals, whioreas Bd«48 hours lotow,
whan the augnentation of wesistonce 1o ot o maxinun, the
lethal dose s of the order of 100 million ayﬁwn¢¢m@.iﬁg
This dllusteates the oxbtent of the chunges in reglsbance

to dpfection which can he produced by lipopolysscechayides in
the period of ong dey. The protecetive pobtivity of the
Lipopolyesaccheride ipg retained in the lsolsbeod Lilpid A

componont,; although, in teemg of minimal effective dose, the

149
Latter is less @ﬁ?aut¢vu thoai the parent polysacchoilds,

, - R4S ¥R00
Westphal and hig cow-worlors have aloo shown that

while the 1ipid A dewived from Dgeheriechla cold produces,

when disporged in doxdran soluiion, o similor Increase in
non-gpeclfle dummunidty at dose levels 0f LO0w)L000 P&y no
phage of increased susgeptlibility follows the admindstration

of the lowey A0s0.

Hochandon of sbtimulation of sonwenesific dmmunibv,

The obpervaitlion by Rowley in 1966 that injection of
Lipopolyesecharidos In mice produce an Indtlal rapld
decrgase followad by an inerveoso dn the bacterdeddeld povers
of the animels® perun lod him o suggeest that these changes
in the bacterleidal properiles of serum are the gause of

the changes in the immume stete of the snimel ond that the
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Lipopolysacoharide containg the substrate on which the
) . , . Bo%an0s . .

baetericldsl aystom of serun acts. This observehion
wre extonded by the work of PLllimer snd hils colleasguoes who
domonsbreted the presence in geyum of a new gerum globulin
(properidin) which, together with the four components of

ferts .
complement snd Mg , constitutes o baetericidsl syston

. ) . _ 428 ,1959235)
offoetive againet o wide pange of Gram-nogaiive baoterie. 286
Subgequently, these workers have shown that properzdin

| .. .. 407

combines with lipopolyasccherides in viitro and, furthermore,
that bhe rapld development of ineronged resistance to infection
following injection of lipopolyssochoride is often accompenied
by an elevation in serum properZdin level which ney be

Mopisn,a8s 007

preceded by an inlbtial deprepsion,
apptaxn, howevey, 10 be no correlation belween thoe

shimnlation of nou-spsaific immunity snd the serum proporidin
loevael at the time of challenge, sibce animels made rosistend
0 infeetion by treatmont with lipopelyssccharide at certain
Intervals priory to challebge may hove ne&mal or aven subnormal
propevedin titres at the bime of &hmllanga,aga'iia’*sﬁ’*aa
Landy and Pillimer heve obsorved thet in ouch anivels.
properddin titres after challenge are meintsined ot lavels
close Vo normal,. wheress 1n eontrol anlmels. o progresalve
£01l ocourys wp to the bime of deaﬁh¢&ﬁa On the besis of

these Dindinge tho hypothesis has beoen edvanced that inoreanso




in nonegpoeliic lmnundity lo avsoclated with eolther eléevated
properddin levels or the maintenshce of normel lovels during
the infectious pwaaegﬁgiﬁa There are, howevaer, cortein
agpoats of the phenomenon whieh connot be adeguately
oxplained sololy on the bosis of o humoral bacbericidsl
macheniem involving the properidin system.  Injection of

gymonen, o yoeast polynesacheride, Lovr oxemple, stinulates a

14804198
wibhowt

100,148

marked elevation in mouse properzdin levels
gignificant inoresse In non-gpeeiflc roslstoncos
Again, Howard, Howley and wz*ﬁlmwﬁge heve Lfound that o low
propevidin level during infection does not necessarily
laad to death, ap denongtrated by the sunrvivel of Infected

mice whose propurzdin levels were only 10% of normal,

Ao previonsly discussed under 'Wolerance', injected
Lipopolyseccharidos produce an indltial depresgelon of the
eabiculoondothelial syptem followed by a phase of incressed
phogoeytic activity so measured by the vate of ¢loaranco
foom the blood sirvecm of intravenously sdministored colleidad,
@&rb@nizg Rovlay, Howard and Jenkin have obaerved a
oimiler biphssic chenge in the rate of ¢lesrance of ipotopoe
lebelled lipopolysaceharide following a previous injection
of noneradicactive Lipopolysaceheridey, the labelled

mpberdal becoming locelised in the reticuloendotheiisd
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gyeteoms  Subsoguent investigetlons heve shown that those
changes in retlevloendotheliel funotion parellel the biphapic
changos in nonespealiic repiatance o Infoction and,
fuprthermope, that activabion of the retieuloendothellsl
syaten in this way Lo produced fore regulaviy then elevation
of the properzdin level and is more clopely corrolated with
the degree of %@%ﬁ%ﬁﬁﬁﬁ@gaam Although other sollields such
as colloidal ﬁmlyhurgﬁa con produce lnoraased voglstance

to cortain infections, their potency is low compared wlth
That of lipopolysaccharlde, snd while reticuloendolthelield
gelle prefeventially take up celloldel particles of o
limited range of pariticle ﬂime,*gﬁﬁiag’aav iv dg pogoible
that optimum potency in stilmuleting lomunity depends not

so muoh on particle ﬁiﬁé,a? as on bthe possession of lipid

A or pimiley metveriel ddstributed throuzhoult the meepomolcoule,

Studien by Rowley and hie comvorkore © and Howard
of the mechanienm whereby lipopolysscchavides gtimulate the
reviculoendothellial syatem have shown that the phase of
hyperphagoeytic acotivity eccurring 48 houre after injéction
ig sesociated with pn increase in the npumber of sovively
phagoeytie cells in the liver and spleen, An dintenpitif-
deation of the metalophilin of Kupffer cells of the mouse

liver and an incyvease in the nuwmber of Xupffer celle
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containing sold ghospheteos wers obperved, the lattey
Tinding pupporbing the puggestion of Welss and ﬁawceﬁﬁati
thot the level of seid phosphatase Ib celle of the retie-
culeendothellal oystem roflects thelr phagooytico activiity.
Phe obsarved inercaoge in the mumboer of stellzate (Xupffer)
colls and the corveosponding roduetion in the numbher of
endothelial-Llike colls in the Liveyx @imm&miﬁﬁ,ii? BUZEGHHS
that lipepolyseccharide soctivedion of the reticuloondothelial
sysbomn ney be due bto dormant oells developling phagocybie

aotivity rather then mitesis of exieting phagooytic collse,

Following the wecent observadtion (L900) by Howerd and
Wawﬁlmwfg that the phagosyblce activity of the roticulo
enfothellianl pyestom g dependent on serum opsoning, Rﬁwlayﬂﬁg
hag shown that the geran of mice proviously injected with
Lipopolysoccharide lo more eetive then novmal mounse serunm
in preparing bacterie Loy puagoeyitoals by peoeritonesl
naCrophages. In edditlion, the magropupges themselves
when treated with lipopelysoccharide were found to possoss

inercased phoagooytic activity, sugeenting thet the observed
wapdd clesrance of vieble haoteria from the peritoneum
mey be s dusl mochendon involving both en incroase in
opsonic factors and a dirveet etlmulation of the phagoeytic

gotivity of the perdtonssl macrophazen.
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Move wecently (1981) Gooper and Stuart have found thotb
while glyceryl triclesto snd Lipopolyasecharide ave egually
effective iu gtinaioting phagooytonis In miaa,ga the
Iipopolysancharide produces o mach groater degres of

) 40
proveeblon agalnet Streptoeoccus pnevmonise dnfection,

Sinee the properzdin sysbem, being setive only againstd
Grom-negative mrgﬁmigmﬁ,iaﬁ eannot be duvolved, the Lipopoly-
sagcharide appesrs to gtimlaetes In this eapes some othor
Lootor which caupes g more rapld death of the organisns
following thelr romovales Gooper and Btuart suggost thab
thiz may he either nonespeellic opsonin or an enhanced
intracellular esotivity of the yh&g@my%@mgﬁg The possibility
of sueh stimlatlion by lipopolysaccharide, of the Introe
callular bactoricidel mechanlem of the phagoeylbes, hap

alpo been suggestod by Eéwlaylﬁg B0 agepunt for the observed

pueeeptibllity of mice to Sglmonells typhimurinm Ffollowing

gbtimulation of the reticuloendothelial sysbem with other
¢olloidal matorials. Little is known, howevaer, shout the

_ . " . Be
noture of {the bacterieidal mecheanlen within fixed phagocytes.

Several recent Invegtligations have been conceyned with
the humorael bactericidal sspeets of none-specific lumunity,
eppecially the nov-specific natuwre of the humoyasl components

) LSS 1 . . . 18
involved. Denpcerraf snd Miesher, for exomple,
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heve confirmed the observatlion by Raw&@yﬂea of on Inereope

in the level of nonwspecific opsoning in the sora of mice
trented with ondotoxin, and these workers suggest that the
mammﬁy@mifié natare of thesge opsoning may be due to
unsuspected eross veactlvity boetween all endotoxing and
whieh moey be rolated to bthe lipid portion of the 1lipopolye
gaccharide moleewle,  Again Michael, Whitby ond Londy
(l@ﬁl)gﬁg have shown that while thoe inceryoased sorun
hactericidal activity following adminiatration of endotoning
o effevtlve ageingt soveral wireladed gtraing of Grofie
noegative bhaotoria, sboorption of the serum with one Grome
negailve perobype removes the bactordceidel sotivity for

that streln but not Loy gbraing of othey goneros Thip and
othey ovidence pregented indicotes thot the inevepsed
boebterdcidal effect of sporun is due to the presence of a
nunhey of speoliilo h&@tﬁri@iaiéﬁ having the funcetional
chavesoterdigtics of gpecifle antibodica. Londy snd coeworlkers
puggest that the lipopolysaccharide probebly acts on
antlbody-forning Q&ilﬁ so alther voelease proefovmed antibodlieon
ox to stimulate a tempovary inercese in the capacilty of cells
to produte &mﬁihwaiaﬁaigﬁ flo reference io made fo o
poseible vrelationship of theso bacterlaeidineg to the properzdin
ayoten which, ag already diccuuned, exeritn o bactericldal

effect on o wide range of Gream-nogotive bacteris and ip nlso
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usnally eleveted by sdniniodtration of endoltoxin, but
cortoin charatteristics of @Wﬁy&ﬁiﬁiﬁ sueh as 3is apporont
lack of sevcloglesl gpecilloity and the prequivement for Mg++
and complenent are not conpatible with clessicsl ideass of
100 “ A70
gpecific antibedy reneitionsg. Holewon, howavoer,
from hip £indings that nost pers from noevmal Individusle
aontaln snitibody which is vapable of sensitipihg symosan bo
roect dn dmiune agervegobion snd gomplement fimeltilon, hoaso
puggested that the propertles asaribed bo properidin moy
he explained on the basle of thip antlbody acting in
conjunctlon with coytain compononts of complement., and
thet the broad spectiun of reaobivity snd erows-reactivity
of the antibody s probably due to the wide disteibution

of alosely related polyseecharides iv nature.

In swmaery, theroforoy 4t apponrs that the developmont

ey

of nopwspeclifie resdobtones to dnfection following admniniatr-
atdon of endotoming involves o stimaletion of both the
golluler snd humoral defence mechonismn of fthe host.

Lt remaine for fubure work 0 integrsnbe Tthe various foetors
ot play buk L7 le evident that these, individualiy or
colloeotilvely, may contribulte signlllcanitly to the gsurvival
of the host dwuving infection. Weatphel haes vecontly

specuwiated that since all aninels, dneluding men, live in
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elope conboact with Gremenegotive bacberia, 11 appoars
posaible that o perpedual flux of btraces of endotoxin,
providad espeolally by the intestioal Llown, contlnuvally
atimilestes the defence Tunations of the host, which in
the absenes of goneh stimalotion would suecunb to the

. nal
fdeet baoterdial dnfootion.
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Dotails of the matorials and methods vsed in the
experinents subseguently desoribed are where possible

conteined in thoe Appendix.

gection 1. Imolation of arude wyrogsenic matorinl Lrom

Proteus vulearis eulture fluld.

The exporinents roporded hore weore performed with the
object of reducing the bulk of the sell-~free £luld of .

leorgely inovgenic medium culture of Proteuvns ywlgoeris, when

e

the isolation of the asehive materiel therein could then bhe
mnove eeslly effeated. Vathods uweed by other wovlkers fov
vadueing the liguid bulk include freaeze-drying of tho cell-
free culture fluiﬁ& and renoval of the active materisl from
the eulture fAnid by adsorpiion of Seits filter p&da.ﬁl’?a
In the latter nethod the adsorbed moterial was subseguently
eluted from the pads with sn alkeline eluting fluid, and
although the eluted molerisel rapidly lost sctivity in
oontact with the eluate, & reasonable degres of concentration
was elaimed when the eluting fluld was suecked through the
pods and the eluste immaedimtely adjusted %0 o olightly acid
r@@@%iwn.@ While these methods wewe probably ssilolactory
for concentrating relatively smoll veolumes of culture Flwld,
gvaporation wnder veduced pressure appeared to be s more

practicable nethod of reducing the considerable volumes




required in the present investigations, &ince, however,
pome workers have raported ingtablility of the setive
material in the Lluld saediuwm Lo hest and Gamc@n%rati@n,vﬁ’gﬁg
experinents were fivet undertaken to apcertain if o loss of
potency occurred on concentrating the culture fluld by

thip nethod. o loss of pobaency was found wnder the
gonditions of evaporation uped and It may, thoerslore, be
poguned that the aetive factor ds relatively heat stable.

»

(2) Proparation of cell-freo eulture £luld,

The growth from o Bd-hour agar-zlope culture of Proloug

vulgoris wag added do W5 ml. of the slmple nediun described

in the Appendixz, by washing in with the corresponding
glucong-nognesiun sulphate component of the medium, and
incubsted for 24 hours ot d0°0,. This wan then added to
%8 mle of the moeddum and inoubated for a further 48 hours
gl the same bempersiure, Pinally, this culture was added
t0 2 litres of mediuwm and incubsted, withvlgorous aeration,

for 4 doys.

Afber the four-dny incubatlion the culture was elarified
by paosing 1t slowly through o Shavples continucus supere
centrifuse and the clarified fluvid sberilised by f£iltration

throuwgh bacterial-grade Doulton filter candles.




for this purpose a cireulatory eyelone oveporator wag
used in conjunciion with o watorepunp (Plged). it was
posgible by this neens o distll off ehoul 4 litres of water
per hour at o tenporature below 300, Two 9 1litre volumes
of cell-free culture fluld were prepaved am proviously
degeribed snd divided into 4 x 4 Litre volumesn. After
aanpling and freoge-deying the sasmples Lopr pyrogen bests,
opeh 4 litre volume wag concentrated to HOO mi. and the
four eoncentrobes conbinedy diviesion of the oulture flulid
in this way avoided prolonged exposure bo evaporaiticn. The
combined concentrates, reprosenting an 8-701d concentration,
were sgain sampled and the semples frecse-dried (PEC 1/8).
Purther concentration reduced the bulk o 1 Litre (PSG 1/16)
and Tineldly to BOO ml. (290 1/52).

Pyrogentio sotivity ol the concontratesn. The condents of

each ampoule were dissolved in sufficient . gpyrogenic seline
to regongtitute the material to o volume equsl to that of
the owxiginal culture eupernstant fluid from which it was
obbained. Dilutions of the reconstliuied solutions wors
then mede and bested for pyrogenic sotivity at the dosew

lavels ghmwn in Tablo 3. e roaoults of tThe tost on the
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Pig.h 0Olrouldtory cyclone evaporator ueed for ooncentrating
the cell-free culture fluid* To avoid entrainment
due to frothing# the normal stillhead supplied with
the apparatus (Wuiokfit and Quarts Ltd*) was replaced
by a splash head*



materdal which had been gpubmiited to the grsoatest degree

of ¢concentrotion are shown in Pable ¥ vhevre 1t ig peon

that no spprecinble logs of setlvity had taken plece. Tests
on the other conecontraites gove siniler resulis, and ropsated
tapts on g fresh bateh of the cuvliure flwid émnfixm@@ the

findingoa

Dose . Rise in rectal tempersture (°0)
(1L o /Tigze )

Non-concentrated culiture fluid P&Q/l B
0502 1a66 | 1460
e QOEHRH 148 1 86
(e QO8 114 1.08
(e QG BEG Qe B8 F N34
Qe OGO L) P {1ad8

3

Table 8. HOffect of comcentration, by eveporation under

roduced pregsure, on the pyvogenie acetivity of

Proteus vulgarie culture fluid. DBech bemperature
rige shown in the Table was the average for

10 rabbito.

(‘3) Jaolatlon ol crude nvingaeniond
the

v:r

ST

rY

Toy this purpose culbtwres were proparad in 9 Litre
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volumes, cach bateh conglepting of 3-4 puch volumoss Alter
clarification, the sell-froe fiuid was concentrated in the
ayelone eveporatory to aveid prolonged periods of exposure
to evaporation, the concondrate in the cyelone arm was
removed esch time the dlstillate messured 4 1itreas, the
volume in the eyelone prm being epprowinstely 4.5 litves.
Thieg concentyate was passed elowly through the Shovples
contrifuge, and the clear yellow solulion farther councentraiod
to 2 litres and dislysed agelnst yrunning water for & days.
.Thﬁ dlelysed fluld woo then concentbrated updor vacuum to
100=150 nle, contrifuged ot 35,000 rpn Lfor 1 hour and tho
bright yellow claypified solution powred into 10 volumen of
eold absolubte alcohols Aftor shanding ob 0=-4°0 for 4 hours,
the mutovial whieh had precipitated wos collocted by
centiifusing, washed twice with cold ebpolute sloohol and
driad in o vaotum desagloator. The dry mabtarial oblained
in thig way from three such betehas of euldure fluid wes
oxtracted with 100 ml, of weier by shaking fovr 1 hours
afber agnﬁ?ifugimg end removing the elear yollow fluld, the
ronddue wes agedn extracted for 1 hour with 50 mls of
wokars The two extracte were mized and freoess dried,

Trom a totod 18 baitches, representing about BOO litresn of
the ordginal eulture fluld, 3.9 g of o Lfawne-coloured

materiel was obtained.  Only perd of the erude alcohol
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precipliated material woent into soluitlon on exiraction
with water snd the residue 4dLd godb Lurther dissolve on
prolonged oxtraction. Thds suggestbs thaet sone denaturstion
off the material had oceurred during the trentmont with

alechel ond the subsogvent drying in the vacuun despslcentor,

The froese~dried materisl, designated PSA/LO [Proteus
supernatant, precipitoted with sleohol (10 volsd)l, was a
highly ective pyrogeng +the resulis of pyrogen tests on

the naterial are shown in Yabhle 4.

( /?;??k&.} Rige in rectal temy@r&ﬁur@k
1e0 1.782e0
Gald 1, 259G
O Ol (500

Table 4. Pemparaturve vesponse In the rebblit Lo verious
dono-lovela of the maberinl ﬁ@ﬁﬂ/lﬁ) obtalined

fxom Proteus valasrds eunliure £iluid by precipitation

with sleohol. iach tampersture rioe glven in the
table wae the average Lfor L0 animalo.
The materiel gave o positive HMollisch yeaetion

indicating its polysaccharide neturey, but Lt appesared free




from reduclag sugars as showdl by negatlve Pehling and
Benedlet teatos The nltrogen value was H.9% ond o positive

Biuwret resotion showed the prasence of protein.

Saction 2,  Purification of the crude pyrosenio meterded

A A e S

from Proteug vulegaris cultbturve fluide

(8) = Phonoel extraciion,

ARy o S

fhe crude aleohol procipltated materiel was submitted
to the deproteinisatlion procedure of Wéwtpﬁmlaig ualing hod
agureons phenol. The materdal (600 mg,) wes sheken for
gsoveral hours with 60 ml, of spyvogenic distilled water and
contrifuged to romove the smell anount of wndissolved
natbtor, ‘The ﬁl@?iﬁi@ﬁ solutlon was heated wo E5°0¢ snd
pn equal volume of 904 w/v equeous solubion of phenol afk
G600 added. ihe mixture was gtirved at thls femperstuve
for 30 mins. and thon rapldly cooled to 5%, when o
separation of the agueous and phenol layers occurred which
was hastenaed by contrifvalng. The clear aguoeous layer
wos plpetted off ahd the phencl phase agaln exbtrected by
odding water (48 sl.) sand hesting to 65°03 the mixiture
was raplidly cooled ag before, contrifuged and the agueous

phage removeds Both sguoous phason were dlalysed sgelinst
&
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runnding wator for threo days to free them from phenol,
the dislyped solutions cowbined and concentrated under
reduced pregsure Lo approzinately 60 ml. After elarifying
by conitrifuging, the concenitrale was freege-dried to yleld
280 mge of o famecoloured powder, equivalent to 4% of the

welght of the starting metevials

Faats showed that the produet obtained in thie way wae
highly pyrogeniec in rabbite. It gave o gitrong Molisch
reaction but wes bluvet-negative, and mild acid hydrolysis of
& sample of the mederial repulited in the gopareation of a
chioroform-soluble liplid, Tor a more conplete examination,
a gtock of the materisl wos then built upy  Ho avold the
inconvenlionce of prepavation in two stages, nemely the
daolation of the crnde material in sollid form snd 1its
subsoguent breatment with phenol, further egbractions
proceaded divect from the dlalysed concentreted culture

superngtont fluld ap followste

Batches of o four-dsy soyaited culiure, esch consiebing
of 04 nine Litre volumes, were clearified, concontrated and
dinlyeed ay deseribed in Seotion 1 (e)a The combined finsl
concentraten from each three sueh batehen, measuring sbouvd
300 mle, woere extracted with warm agueocus phenol, thoe sgueous
phase dlalysed snd the dlalysed solution, albter further concorie

tratlion Ho 80100 nls, centrlifuged to remove ony suppended



mattor, and finally froogoedricds The yield of freonee
dried matevial varied somewhat but wes usually in the region
0f Beld mge/ Lltre of orviginel cuvlture {luid. Fhen a
pufticlent number of batelwd had been procesped, the yilelds
of product weye combined and exemined ap followss for
copvenience and brevity the mpberisl 1z refevred o o

PePE {(Proteus supernaisnt, phenol exiracted)

Degeription, -« A pale buil-coloured hyzroseopic powder in

the freeme~dried stete which digsolved in water 10 give a
pole~yellow golutiong solution was usually someWhatb
dgifficnlt bul could be facilitated to some extent by soaking

the material dn o L4t4%1e water overnight ond then diluting.

Pyvogonic actlvity « -~ 4 slgnificant pyrogenic response wag

gvoked in rabblte with doses as low ag ﬁ,@ljagﬁ/kga {Table 5).

Doae
ﬂgv/kga ftdse in rectnl btemperature
{3a 82 16820
(el Led 300
£ UL Qe83ded

Teble H. Temporature response ln the wadbblit do various dosge
levole of the polysacchewride meterisl (PSPR)obtalned
from Proteus vulgeeis culture fiunid by exbraction
with hot agqueounn phenol. Hach temperature rise
given in the table wes the average for 10 onimalg.
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Chewloal composttion. -~ Dotalle of the asnalytlcal metheds

wsed are given in the Appoendlx. Analyticel figurvos
ghtodlned were W, 4.%3 Jotal Py 0e8s HNoasuvement of tho
uliraviolet sbsorptlon ol 280 wue of the materlel dissolved
in ﬁ/lﬁ& HaOfl showed that some batohes of PEPR apposrved to
be fweo fronm nuelelce peld, while pmall omounts, not
excoeding 34, were present In others. (FigeH)s When
axamined by the HplQy-oystelre reacilon ol miﬂaha,qQ*?ﬁ an
ghoorplion wag Lound wibh o maxinum af HOB e which e
chavaoberigtle of aldobepitose sugaroy <cthoe heploso contentd,
eutinnted as c-Deglucohopiose, was L4 This is puvely
o rolatlve value sinee dlffevent sldohepboson give Alfferaent
colour dntenslitles in the %@gﬁ,ﬁm and aeDeglnaoheptose w@&
he only aldoheptone availleble fopr use ap an lndexn ougsr.
Yhe sheorpbion curve illustrated in Figed oluo shows o

noximim ot 410 mps which is cheracleristic of hexoso sugars.

A somple of POPE was hydrolysed with Weli,80, for four
bhouvrs and the bydrolysate run on paper chromefograns (Vhaiman
eivolon No.20) using bmﬁﬁmﬁlmyyriﬂin@mwﬁgem a8 solvant.
Bpraying with aniline phihalote f@vealaﬁ the presoence of
galoctose, glucose and mannopes o faint veddish-bond wes
alpo spparent batweon galactose and glucose end dus o the

haptosa ougar (Pig.¥)s Ho ribose wes detooted, confirming
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Fig. 5. The ultraviolet absorption spectrum of the active material

(PSPE) obtained by phenol extraction of Proteus vuiqaris

culture fluid.
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Fig.6. The Dische reaction on the active polysaccharide (PSPE) obtained

by phenol extraction of Proteus vulqaris culture fluid.

Absorption spectrum of the material (500}49-) after treatment with

H_ SO cysteine: readings were made at 22 hours. The absorption maximum

at 505mu is due to dldoheptose.
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thae vwirtusl sboente of nucleie aeld,

Another semple of the material wee hydrolysed for
L6 hours with BU«HGL and the hydrolysateo run on paper
chvomabograns (Whatnen Yo.4) using butenol-ageblc sold-wabor
85 BoLlvent. When gprayed with ninhydrin-cupric nitrote
Indicator, sevéeral colouwred bands were obbained., Two of
thege were ddentified, by comperigon with the colours
produced by Thils indicator wiith stondard amino selds, as
glutomic and aspertic ooilde, (Fig.8). I this solvent
gyebom 1t wag found that stendavd glucopamlne usuelly ran
as & aingle hend, wheregs obandayrd galsotosamine ueuelly
gove two bandeg, one covrepsponding approximately o that of
glucosgmine and other nedde thip, as shown in Pige8s
thies behaviour of the amine sugers wlll be rpeferyed to lodsy
in the nectlon, In the chromatogren of the hydrolysate
of PEPE o etrong bond sorrespouding To glueossming wap
evident, end a weaker ohe near the posltlion of tho dnner
galaotosamine band (Fig.8). Yo further identily the amino
sugars, the hydrolysate was degreded wlth ninbydrein end run
on paper chromabograns (Vhotmen cireles Wo«20) with butenol-
pyridincewalter, when the presspce of srebinose and lysose,
ags rovealed by spreying with onilinae phihelate,appesred to

confirm the proesence of both glucosawmine and gelactonamine
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Chronatograa of the sugars in a 2. hr. N"4I*30%
hydrolyaate of the active polysaoeharide material
(PSPK) obtained by phenol extraction of Proteus
vulgaris culture fluid. Solvent, butanol«*pyridine

wateri sprayed with aniline phthalate in moisé

butanol.
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Chromatogram of the amino compounde in a 15 hr.
SN«4ICl hydrolyeate of the active polyeaooharide
material (PSPK) obtained by phenol extraction of
iroteue wvulgaria culture fluid# Solvent# butanol
aocetio aoid-“rater( sprayed with ninhydrin-ouprio

nitrate reagent.
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Chromatogram of the pentose gsugars produced by
ninhydrin degradation of a 1Y hr. SH-HCL hydrolysate
of the active polyonccharide materisl (PSPH) obtained
by phenol extraction of FProteus vulguris oulture
Fluid. Solvent, butanol-pyridine-~watery; sprayed
with aniline phthalate in moist butunol.




in the opiginel materlsl (Plged).

buring hydrolysis of PEPD with WHgB0, , the mizbare
qulekly went cleowdy, and after aboul half an hour o
flocculent precipibate began to Tovms When reqovered by
pontrifuging this nateriel was woxy in eppoarance ond

polible in chlovoform bHut net approcisbly so in. othey.

There web thus obiainsd by phenol extraction of Proteus
viulgaris eulturo fluld, & highly pyrogenie lipopolyssccharide
maberial, the component sugers of which wewe ldentiflied an
galachose, glucose, mounoeso, an aldoheptose, glucosomine md
golagtonaning, Seversl othor ninhydrine~staining componente,
including thoe dicarboxylic aclds, glwtamle and aspartic,
were alse prosenty  TGhese together with the apparvently
conpidarable ewmouvnt of hoxopomine, oo judged by the intensity
of 4t stoin, would sccount for vhe relatively hish nitrogen

value (I, 4.9) of the moterial.

{b) Aleoohol fracilonstions

Fartheyr puriiication of POEE was sbboemplted by moesus
of fractionabtion with oloohel, While the pyrogenic
ragponse op an lndex of incrossing purity of o fractlon
was of 1Lttle value due to the ianability of the wabblt to

react quentitatively ovor o wide dose pange, 1% wan possible
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by pyrogen tests o oliminate those Traoitlons showing
Little or no asebivity, sud this procedurs, hogether wilith
mepstremant of ineveaping bhaeptose conbtent of the active
froatlon, wee used to follow the puridfication of the

maberiol.

In o preliminery bests a soluwtion of PERE (350 mge)
in water (40 ml.) wes cooled 1o 0-420 and absolute sleohol
gt «10°C added slowly with contivuous stivring. Hlight
clouding of the golution won observed when sbout 25 ml.
of elechol had been added but no preciplietion ocoureed
wibdl the sloohel content of the minbure resched HCH v/v,
Afber ellowlng to stend for several bours al 0-4°0, the
metaerial predgipitoting at this aloohel concentrstion was
rocovered by centriluging redismpolved in wolor and sgain
pragipitated by adding on egtal wolume of sloohol. fThoe
Sinel procipitate was frecre-drioed from esgnoong solutlion
{Fﬁﬁﬁ/@?ﬁ@)ﬁ The supernptant of the fivet slochol
precipitaetlion was ¢ooled t0 0420 and the additlon of cold
aloohol continued when allight pre¢ipitation sgain oocurred
at 70 v/v eleohol cencentrations +his procipitete was
slao regovered by contrifuging snd freesge-dried from
souecuy solulion (E@?E[&??ﬁ)g Farther dnerease in aloohol

concentrabtion to 80% v/v regulited in the separatlon of g
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smeld smound of materdely alber recovery of thig {?%ﬁﬁ/ﬂ?&ﬁ),
the supernatant fiuwid, conteining materisl soluble in BOFE
aloohol , was concentreted to a gsuoell volume and freeassdplod
(F&ﬁg/éﬁﬁﬂ}« The ylelds of the diffevent fraotions

abdeined Were e

POPE AFB0 180 mg. = 455 of PGPH
E $ - apia bt & %o oy Spw g e i
REPE /A0H0 BL mgs = 9% of PURH

POPR /APS0 Y g of PURE

i
3%
B

ALYl frocbiomns,y dveluding that soluble in 807 v/v aloohol ,
wore testad fox pyrogenie activiiy when o good vesponse

was ohitained with the fragtlon Pﬁ%m/gﬁﬁﬁ ot o dosawlevel
of G;ﬁl,ug,/kg! At this dome level %ﬁ& other fractions

AOVE MO TEUDONHO,

Bince the smain pyrogenic sotiviiy voesided in the
Lfraction Pﬁﬁﬁ/ﬁ@ﬁ@ ondy thie frectlon was of dlyrect intovest.
In subseguent fraetionstions, thevefores, the matorial
prooipltating ot DO v/v slachol coneentratlion was recovered,
and aftey reprecipliation, freeze«drled from »gusous solubliong
the supsrastant sofution of this preciplistlon, containing
naberlal soluble in BOP alechol, was concentrated snd froecso-
dried {P@EE/&%@@)» By welght eotimationes coreried ould

on theso subsequent fraoctionatlions gave the yield of P%?E/@?ﬁﬁ
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ag 40-45% bhased on PERE. Several guenititles each of
ahout 300500 ng. of PHERE wore fyactionsted in this way %o
obbein o quantity of the setive material end both main

froctionag agemined pon Followsse

coeription,

POPE/ARGOs A pele buff coloured powdew in the freeso-dpied

Porm whiech, Lilke PURE, wes uoually Aiffleult to dlosolve
completely in waters 1% w/v concentration the solutlon

was sonewhat viscous and opalescent.

F*F“/ﬁﬂ BGe  This wan darker lun colour end veadlly soluble

in waeter Ho give a c¢lesy yellow solullon,

Pyrogonic sotlviiys ihe resulits of pyrogen hests pueformed

on both fractions at variouvs dope lovels oo shown in Tble 8,

Doge Mampareinrg response (90)
(pa/kge) PHPE [A¥60 PEPE/ASBO
0u QUBLER QO 3% o

e 1, e 91 -

(e QBLER 1elQ “

Ou1. LaG¥ | Dyl
La0 o (el 9

?

fable 6 mﬁ! eature, resng ﬂa Lhaﬁxf 1 yoarioun dopgs
e * % z} 3‘3 ?‘:}? &uicﬂ iz

L5 or thd };»musuz & obThadihe ,
Erau*mmﬂ%taﬂm of the phenol exitragted m&vv*xal{? PR
5v@m Provous vulegoris culture flulde. Progblon PH PR,

RO @V%ﬁéﬁﬂ%m&&d at B alechoel concentwationg
?raw%m@n PEPR /4850 war aoluble at this concontratio
of alcohol. Haoh temperature vlee glven in the
table wes the average for LO animals.
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The BO% sloobol soluble fraction was pyrogeniceliy
inactive wt dose levels up to 1 pp /kﬁ, but three robhite
recolying Qﬁlpg/kg of this matordal geve an averasge Gompere
ature rlae of L.L16°0, A Fever roactlon st thig couparvatively
high dose Level does not neceasarily mean, however, that the
makerinl wee in iLboelld pyrogenic, as due Lo the high sctiviity
of the B alechel insoluble fraction, a small proportlon

of the latter present counld confer pyrogenic properitics.

Chemlcal compoaition

P‘Pﬁ#&gggﬁ Anglytical figures obiained woere W,8.98; tobal
PyleBs  JMiousurement of the ultreviolet absmorption at 260 mu.
indiceted that the msbterisl wes free fyom nuclele zeld
(Pigel0)s  When exanined by the Hy80, - cysbelne resction,
ahaorption maxime ot BOD oure and 410 e were obhtoined,
showing the presence of both hoplbose and hexoss sugarss

the aldobheptose contenty estimated as e-Degluccheptose wap

% (plgoiljn

Hydrolysis of o sanple of bthe materdial for four houes
with Nell, 50, liberstod the sugers, golectose, glucoss, an
aldohoptose and mannose, og identlified by peper chronstography
(Fizeld) s The chromastogram of & 1H hour DBN-HCL hydrolysete,
when gprayed with ninhydein « euprle nitrate roeagent,

showed a sirong band corryegponding to glucosemineg, togethey
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Fig-10. The ultraviolet absorption spectrum of the active polysaccharide

fraction (PSPE/AF50) obtained by ailcohol tractionation ot the

phenol-extracted material (PSPE) from Proteus vulgaris culture
tluid.

68a



O
o

[GA

O 4

E]r.m.

-3

O-2

Fig Il

68b

| { | i I
400 450 500 550

600
Waveiength (mu)

The Dische reaction on the products of alcohol fractionation of the

phenol-extracted material from Proteus vulgaris culfture flud

o—o0 PSPE/AF50, precipitated at 5O°/ alcoho! concentration
oo PSPE/ASSQ, fraction solubie at this alcohol concentration
Absorption spectra of the ftractions ,SOO,ug omounts;‘ atter treatment

with H_SO_cysteine: readings taken atl 22 hours.
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with other faint ninhydrin - stelning bends one of which
wae ldentified as glutomle soid (Figel3¥.  When this
hydrolyeato was degraded with ninhydrin both srebinose

and lyxose were obiained, indicating the presence of glucoge

amine snd geloctospmine in the original mabteriel (Pigeld).

As mentlioned previously, it was fownd thet wheyeas
ghandard glucosamine uweually ran g o slnglo band in the
golvant butanol-peetic veld-wator, stoandsyrd galactosamine
usually gave two bandeg, one corvresponding approxiunately to
that of glucosanineg and the other inside this (Ple.ld).
The development of more then ong spot of @h?ﬂﬁ&%ﬁﬁ?&phﬁﬁg
an srino suger din an acldic solvent has been observed by
ohhoer warkmym,ﬁﬁ snd is presunebly due to formstion of
mixed salts of the baso. fhuas the two bandsg obtained with
the standard galoctopamine (applied as galachosamine
hyaweﬂhlar&ﬁe) were probably due fto dde partial conversion
o gelachonsmiine noatbota, Degradation of the hydreolysmste
o ?ﬁyﬁ/ﬁﬁﬁﬁ with ninkydrin, however, gave both arabinose
and lyxose indiesting the presence of glucosomine and
gelactonaning in the undegraded hydrolysate, yot only a
gingle band, corvegpondlng to that of glucomsmine, wag
oheerved on chromstographing the vadograded hydrolysate,

uglng the seme sceldice solvent ag for the stendard galaotooe
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Chromatogram of the sugars in h hr. N-Ha80*
hydrolysatss of the products obtained by alcohol
fractionation of the phenol extraeted-oaterial from
Proteus wvulgaris culture fluid. Fraction PSPE APgO
precipitated at 59 alcohol concentration” fraction
PSPE AS50 was soluble in this concentration of
alcohol.

Solvent# butanol-pyridine-water& sprayed with
aniline phthalate in moist butanol.
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Chromatogram of the amino oompounde in 15 hr.
5N-HC1l hydrolyeatee of the producte obtained by
alcohol fractionation of the phenol-extracted
material from Proteus Tulgarie culture fluid.
Fraction PSPS/AF50 precipitated at 50)6 alcohol
concentration! fraction PSPE/A850 remained in
solution at this concentration of alcohol.
Solvent butanol-acetic acid-water! sprayed with

ninhydrin-cuprio nitrate reagent.
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Chromatogram of the pentose sugars produced by
degrading with ninhydrin# 15 hr. 5H-11Cl hydrolysat
of the products obtained by alcohol fractionation -
the phenol-extracted material from groteus vuigari
culture fluid. Fraction P3PE/AF50 precipitated at
50)6 alcohol concentration! fraction PSPE/AS50
remained in solution at this alcohol concentration
Solvent # butanol-pyridine-water! sprayed with

aniline phthalate in moist butanol.
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QIANG o One poanible explanation of thewe results is that
the steaderd galacbopamine hyﬂyaahlériﬁg may have contained
aone galeebosamine hase, 8o allowing ready forwetion of

the seebate, whereas the hydvolysate obtained by hydrolysing
P&?E/ﬁﬁﬁﬁ with BN-HEL, certainly conbtained the amino sugers
o8 hydrochloprides with poseibly a btrace of froes hydrochlorie
acld, the latbtor preventiog the conversion of the amino
sugar hydrochlorides therein to ascetntos. The reason for
using on seldie sgolvent in these experiments is ite suitsbilit
for the peparetion of auino acide, and relisnce was placed
on dhe ninhydrin-dogradotion procedure to identify the

AHLN0 SULRTE . 1% de, however, theoreticelly poswsible that
the pontoses, avebinose and lymose, could have been deorived
Trom mannoesamine and talosamine, but the prepence of those

anine sugors is unlikelys

Hydrolynle ol o sample of F&%ﬁ/ﬂ@ﬁﬂ wilth Nell, 80,

roesulted in fthe separstion of a chloreform soluble Llipld.

POPE/ABBG.  Analyfieal figures obiained worae H,H.973
total Py0.4s Then exemined by the H,80,-oysteine reaction
only an sebsorptlon with a maxinum ot 410 npe was obtained,
indiceting the presence of hoxpse sugors bud the ogbsence

of hephone sugare (Pig.dl),
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fhe sugerg ddentifled by pepor chromslography were
nonnose and glucose (Pige.l2)3 chromatogrophy also rovenled
the presence of several ainbydrinestaining componenta, two
of which were ldentified ag glubamice and sspartic sclds
(PdeelB) Winhydrdn degroedoation of the 18 hour SN-[GL
hydrolysate ylelded only srabinese, indicating the abnenoce

of galactosamine Lrom this freection (Pilgald).

Aeid hydvolyslis did not vopult in the separation of
lipid materinl evon on prolonged heatingg the golution

marely dopkoened in colour,

There wea thus obbtained by slcohol freotionation of
the phenol exbtracted material (PSPE), two mein fractlions
in espproxivately egual amounbe. That precipitoting ot
50% sleohol comcentrotion won bhighly eetive and ylelded
on seld hydrelysie a chlovoform-scluble Lipid and the
sugare golactosg, glucese, an sldoheptose, mannoge,
gluconanine and galactogsmine, while thot remsdning in
solution alt this aleohol concentration wag relatively
inactive, apparently lipid«free and conbtained as consiiliuvont

sRgare, glucose, mennose and glucosaming.

(¢) Ersetionsl Sedimentotion of the ultracentrifuse.

Properative vlitraceatrifuge rung were carried out in
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g Bpince Preparative Ultvacentrifuvge, whereby sedinentationn
at velues up 0 LOD,000 g. wore possibla, Pollowing the
chaovvation thaet n conslderable anount of materiagl
godinented whan a solution of dhe soetive aloohol fraotion
(i%?“/ﬁﬁbﬂ) was contvifuged at 20,000 ze for s short perdod,
o Practional sodimentation was cawpied out an follows, tho
deposit in cach case belng redlesolied in weier snd tho
solution freeza-driedy the Linsl supernstant solution was

concontrated under voacuun and also freegso-driod.

19 polution of POYE/APSO

2O, GO0 ga for one hour

Dap amit | ﬁup@w&&tmm%
Mﬁﬁ/m@ﬁ@/Wﬁ@fa)

106,000 ge fox two

houre.
|
ﬁ@p@mlf Supernatont
(P ?b/ﬁ?ﬁﬂ/ﬂ?%&@&} (PSPE/APEO/UCSLOD

No further sedimentation occeurred on continued centrifuging
R

boytnd two hours at 108,000 g.

Bzeminstion of Fragtlona.,  Setimations of nltrogen,

phoaphorue snd aldohepbose contents were carvisd out on each
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of the fractions with the wesulia shown in fable ¥e The
materisl sedimeniting alt the two values of ge gove plmosth
Laenticel snelybtleonl Ligures, and the cueves obitoined in the
Hp¥Qgweyateine reactlon woere practicelly suporimposiblae,
with peake ot 410 mu. ond 505 mp.  When hydrolysed with

Heminerel acld esch fraction gave a chlovoform soluble lipld,

3

Praction 1 P Heptltows - Llpid

PEDR AR50/ UGDRO 2010 1e78 7e () —
PEPR [APSO/TCDLOS 2408 L0 6e8 +
PERW [ATS0/UCBLOB  Bed 8 De 9O - -

Poble Yo  Analytical Migures for the producte of Lfractionsal
centrifugationoo? the active lipopolysaccharido
maborlal (fﬁﬁﬁ/ﬁﬁﬁﬁ) obtained by aleohol fractiome
ation phonol axtracted, Proteug vulgarig culturoe
flwide Frootions PUPH/ARSO/UCDR0 and PERE/AVS0/
GODLOY meddmented at RO,000 ge and 1L0G,000 ge 100D
fraction PELE /APB0/U08105 remeined in solution ab
205,000 g

fhe £inal contrifuge supernatont Lraction, PSEE/ALG0/
UOSLOL, did not howeveyr, contaln sny detectable Lipld, and
in thoe HySQ,~cygteine reaghlon gave only on absorphion with
g mexinuan ot 410 ow, indicating the shsence of asldoheptose

pugsy feom thio frecblione Teste phowed that the two sodiment:

1
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Cwere equally pYrogenice.

from the clogse simllaedty of the snalyticel flgures
obtained with the two sedimented Frsotions (Lable %), it
appoarad that centrifuging at 108,000 g had mevely led to
n complote sedimentatlon of The materiel alreody sedimenting
after o short poriod of spinning at 20,000 g, in which caspe
o sowewhot longer period of spinuing at the lower velue of g
would probably have been egually offactive. Ascordingly, &
psolvtion of ﬁ%ﬁﬂ/ﬂ?ﬁﬁ (1) was ﬁﬁmﬁrifu@@ﬂ for four hours
at 80,000 g and the superpatent f1luld decented Lfrom the
deponite &piﬁﬁiﬁg of this superanitont at 60,000 g for two
howrs wesulied in only o trece of maverial, sedimenting, sand
this did not appesr to ineresse IR quantity when the value
of & was idncreased to 108,000 Lor o further bwo hours, In
pubseguent purifications of the lipopolysoaccharide, therefore,

the active Lreaebtion wos sodimented ot 20,000 g.

Ualng 80100 litre batehen of culture £flvid, the stegen
up B0 the fractionation with alechol were pe elready
deacribed, oxcept that the BUE alochol insoluble frection,
PSTE [APHO, wos not isolated in freesoedried fomnm but
dlapolved dn 8040 ml. of water immedistely after procipltat
Lot This golublon was then centrifuged ot 20,000 g Lo

four houra, the supernstent Lluld removed end the deposlt

l
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Treenaw-dried from agueons solublon (PopRE/ar60/TU6120) .

The supsrnstent flwld was centrifuged ot 106,000 g for two
hours, decanted from the ninute residuc, conventrated and
froage-dricd (PRPR/APEO/UCHER0Y,  The yield of PEPE /ARBO/UCDO
was approsimately 4874 besed on Fﬁﬁﬁ/ﬂ@&ﬁ. Hoth fraetlions

ware oxominaed as follows.

Pogeription.,

Eﬁ?ﬁ/ﬁ@ﬁ@/ﬁgﬁﬁﬁxm A very pele bufi-colowved powder in the

Fraose-dried state which dissolved with alfficulty in watory
at 1% concentration the solution was somewhat viscous and

opalaseanta.

PRED/APBO/UCEE0s- A pale brown powder dlesolving veadily in

waber 0 give a c¢lear yellow solublon.

Pyrogenic aetivity.,

The remults of pyrogen tests performed on the two
fraotione ere shown in Table 8. The weak response obtalined
with the centrifuge suposnatant fraction (ES?E/&F@Q/U@%&&)
nt g dope level of 1,pg/kga was probably due to the presence
of & smell provoriion of the highly active fraction %ﬂ?ﬁ/
ﬁﬁﬁﬂ/mﬁﬁﬁa, gince ocentrlifuging o solution of the fovrmoer
frootion ot 100,000 g fox two hovurs resulted in a loss of

pyrogende sobivity at o doge level @f‘l‘pg/kg., although o
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bavely detectnble amount of maberdisl sedimented.

Boge Tonporature regponse (°6)
Mgl B,  PBYR[APBO/U0D20 PEPT [ATHO /UGS L0
O 0B Qe 67 -
e U1 1182 ' -
(ia O Ledd -
01 Le69 Qa 5%
Le® - 0,86

Table 8, Tomperature response in the reabbilt bo verious dosee
levels of the producte of fyractionsl contrifugation
of the lipopolysnccharide material (PEPE/APEO)
obtained by aleohol froeticnation of phenol extraote
Proteus vulgaris culbure fiuwld. Fractlon PEPE/APOG/
UCHRY sedimonbed at 280,000 g3 Lraotion ?ﬁ?ﬁ/&?ﬁﬁ/
OCDEC rempined in solution at veluse of g up to
105,000,

Iach tempersture rise in the btable wes the asversge
for 1O snimalo.

Glhomlend compopsd-tion.

@gy%/aggﬂ/ﬁwwaa3 Anpdytical Dlgurss obbtained ware 0,458,073
Te7eBGs NyRelyp botal Py1le%2,  Dhe redueing value (Somysgyi).,
calovlatbed a8 glucose, on hydrolysing with F-HOLl, rose to a
nexinum of 80% in edght hours but reached 28% (767 of tho

nexinun) in two hours (Flgz.15)s Hoxosemine, determined o
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Fig. | 5 Hydrolysis curve showing the reiease of reducing sugars,

estimated as glucose, from the lipopol ysaccharid e ( PSPE JAFSO/UCD20Y

isolated trom phenol—extracted Proteus vulgaris cuiture tluid

by alcohol tractionation and fractional centrifugation.
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Fig.16. The Dische reaction on the lipopolysaccharide (PSPE/AFSO/UCD20)
obtained trom phenol-extracted Proteus vulgaris culture tluid by

alcohol tractionation and tractional centrifugation.

Absorption spectrum of the material (500;19.) atter treatment with
H,SO;-cysteine: readings taken at 22 hours.
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pluoonoming by the Tlson-flergoen meﬁhaa,ag’ﬂaﬁ war epbinated
0 compose 14% of the moterinl, For the determinetion of
ehloroforme~soluble lipid contont, a sample of the meierlal
was hestod with W-HC1 for 3k hours on a boiling water-bath,
the floccunlaent precipitate reoovered by contrifuging, dried
ond dispolved in chlovofovne After vemoval of the solvent
by heeting in sn atmosphore of nitrogen, the residue vwas
Weighéd. Prom sevoral such detorminations, ch;@rmf@rmn
noluble Lipid was estingted to compose 328-34% of the originol
linopolyseccharide, The gldonopiosd conitent, calonloted ap

amDeglucohaptone was 79 (Pigel6).

s

aper chromatography of an Nel, 80, hydrolysate
rovesnled the presonco of glucose, galoctope and heptose ap
the modn susars, togother with a trace of monnozoe (Pilgel?).
The chronatogran of the hydrolysate obtained by hydroelyoing
s gample of the materlal with HI-IHGL showed o sirong
ninhydrin-gtalning band covvospondling to gluconamine and o
weel: band which oppeared Yo be glutamic acld (Fig.10);
degradation of this hydrolysete with ninhydrin produced both
arvabinoee and lyzose, indlicating the presence of glucosamine

and gelactosegmine in the originel lipopolysacchorlide (Pizeld).

PS?ﬁﬂggﬁa/ﬁﬁﬁaﬁ; Analytical figures obbained wore HeS.4s

WP IR

totnl FyOee Acld hydrolysis did not libersice any lipid
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fdrolyntc of PSPE/AFKVUCA
AyelysaU o#f PSPCMAF

ChroBotogro* of mufori
PSPE/AFSOy

flg.17 Chromatogram of the sugare in ® hr. N-*HsBO«
hydrolyBat08 of the product# of fraotional centrlfug
ation of the active lipopoly#aooharide material
(PSPB/&F50) obtained by aloohol fractionation of
phenol-extraoted Proteu# vulgarie culture f£fluid.
Fraction PSPB/APS0/UCD20 aedimented at 20*000 g\
fraction PSPE/AF5C/UCS20 remained in solution at
value# of g up to 105*000.
Solvent* butanol-pyridine-vrateri sprayed with

aniline phthalate in moist butanol.
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Pig# Id Ohronatogram of the amino compounds in 15 hr. 5M-HC:
hydrolysates of the products of fractional oentrifu
ation of the active lipopolysaooharide material
(PUPi*J/AP50) obtained by alcohol fractionation of
phenol'-extraoted Proteus wvulgaris culture fluid.
Fraction PSP£/AF50ArCD20 sedimented at 20,000 g|
fraction PSPE/AF50/tJCS20 remained in solution at
values of g up to 10$,000.

Solvent, butanol-aocetio aoid-eatery sprayed with

ninhydrin~ouprio nitrate reagent.
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Chromatogram of the pentose sugars produced by
degrading, with ninhydrin, 15 hr. 5N-HC1l hydrolysat
of the products of fraotional centrifugation of the
active lipopolysaooharide material (PSPS/AP50)
obtained by alcohol fraotionation of phenol-extraot
Proteus vulgaris culture fluid. Praotion PSPE/APgqii
UCD20 sedimented at 20,000 g| fraction PSPB/APgO/
UCS20 remained in solution at values of g up to
105,000 .

Solvent, butanol-pyridine-wateri sprayed with

aniline phthalate in moist butanol.
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motorlal snd the H,80;-cysteine reaction showed the abmence
of heptoro. The conatituent sugers wore identifled oo
slueopo and mannose (Piz,17) together with glucosamine snd
goveral olher ninhydrinestelining componente (Pigs.ls mnd 19).
In the FTovegoing experinments a combination of colvent
Tracvionation and freoetionsl sedimentation weroe used 4o
soparate relatively non-~pyrogonic polyosnccharides from the
erude phenol-extrsctod maboerial, lesving the active Llipopolye
poccharlde. gineo the wvelatively inactive [fraetion
peparated by aloohol fraciionation (?S@H/ﬁﬁﬁo) was soluble
in 650% alockol end reodily soluble in weter, it appesyed to
be of smeller particle slsze thon the notive fraciion (ﬁﬁFE/
ARS0) which wes inseluble in BOS aleohol. A The insetive
materinl present in the lattor fraction Aid not sediment ot
LOB, 000 7y it coemed poesible that high speed centyrifuging
of the ogusous phage of the phenol sxiroction might give as
good o degreo of purificetion, in thoe abgence of preliminory
solvent frsotionotlon, Accordingly, the dizlyecd squoous
phase aflter concontration to epproximately 19 w/v total
solids was cendrdfuged ot 20,000 g oy Lfour hours and the
pupermatant fluld removed. The sedimont (PUPR/U0D20) was
radissolved in the originel volumo of water ond centrifunged

In the same wey o second ond third time [?ﬁﬁ%/ﬁ&@ﬁ@(l) and
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?ﬁﬁﬁ/ﬁﬂﬁﬁﬂ(E)J¢ fhe supernstant of the Lirst centriluging
was cpun ot 105,000 g fox four hours, decentoed from the

minute deposlt and froese~dried (%&XE/Uﬂﬁﬁﬁ)q

Prom the snalyticsld rvosulbe glven in Teble 9 14 is
seen bthot the lipapolysacoharide obbalned by uwlirscentyifuging
of the agucous phase at 20,000 g (?ﬁ?ﬁ/ﬁﬁﬂ%@) gave anolytical
figures siniller to those of the lipopoelysaccharide {ﬁﬁ?ﬁ/ﬁ?ﬁ%/
UOnEO) obteined by alochol fractionstion ond Lractionsl
podimontotiony o comparison of the two llipopelysaccharides
iv given in Tablo 10 Hleapuremont of the ultravicled
absorpbion at 260 mp. of o sample of FSPE/UCHRO in §/100 Ve
showed that the meterdal was free Iyrom nucleice acild (Pig.20).
PThe snalyses glven Jun Table 9 alepe show thab repedimentatlon
ol wﬁyﬁ/ﬁﬁﬂﬁﬁ at the sgewme value of ¢ 4id not signllicantly
alter iits anelytical flgures, bhut reoulioed in o seomewhodb

decraoaeed yield.

Ixomination of DEPY/UGBL0.

The anelybtical figurves obbtalned ayve glven in Teble e
in the HgBy-oyotelne resctlion only an absorpltion wiith o
moximun at 410 mu. was found indicating the eboence of
aldohoptone (Flgesl). The compounent sugere identifiod by
papoer chronatogrephy were glucosoe and monnogoe dogother with
gincosanine and other ninhydrin-staining componcnbo. wh@A

material did not evole o pyvogenic wesponse In rabbite at
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Fig. 20. The ultraviolet absorption spectrum ot the lipopolysaccharide
( PSPE /UCD20) obtained from phenol—extracted Proteus
vulgaris culture tluid by sedimentation in the ultracentrifuge
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. . Yield ag % of total solids .
v v ¥ ) A1
Fraction B ¥ in agueous phase lipid
P5PR[UOD20 | 2017 | 1.73 27 +
Pmpﬁ/ﬁeﬂam(l) 2e1). | 1468 23 *
POPE/UCEDR0(2) | 2020 | 1.70 a1, A+
PSP [UCs20 5s18 | 0.61 - -

Table 9., Analyses off the products obltained by Lractional
centrifugation of vhenol extracted Proteus vuloarip
fluide The fraction sedimonting at 20,000 g
(PEPEAUCDRY) was redissolved in water and resedimented
a second (PSPE/AUIONZD.L) and s third time (PSPE/UCDE0.2
fraction PSPEAICHZD remained in soluition at velues of
£ up bo 105,300

Pracbion o T | Heptose Tdpid
P&PB/AFS0/ UCPRO | 2410 Le7a 740 32355
| PEPE /HGnR0 2.17 1,68 Te O 30=3h%%

Table 10 domparison of the snalytlicsl flgares obtalned fox
the lipopolysacchavides fsolated from phenol
gxtracted Proteus valgsriag culivure fluid by aleohol
fractionation and Trxactional contrifugation (POPrE/
AFB0/UGD2D) and by froactional centrifupntion without
prior alechol fractlionation (PEPE/UCDI0).
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The Dische reaction on the products ot fractional centritugation
ot phenol—extracted Proteus vulgaris culture fluid.

e—e Fragtion PSPE/UCD20Q sedimenting at 20,000g.

o—o Fraction PSPE/UCS2O remaining in solution at 105,0004g.
Absorption spectra of the fractions (500 ug amounts) atter

treatment with H,SO-cysteine: readings taken at 22 hours.




61

dose-lavels up Lo 1‘pg/kg.

An wnidentlfiod susor componont of the divonolvsagoharide,

The usual hydrolysis time uged in the chromatographie
exomination of the lipowolysoecharide for monossechorides
wig Ged howrs with HeHa 5040 Somplen of the pelyassccharide
were aloo hydrolysed Loy periods of &, 15 and 30 minutes ond
rar on paper strips using the mothod of descending Llows the
results aro shown in diggreommatio form in Pig.22, since sone
of the opols were Lo weal Lo photogrophe. With the shopt
perlods of hydvelyele a.sugor vas detedted unning bhetween
ribose end rhamnoge snd staining reddilshebrown with sniline

phithalato,. It was present alter U minuvies hydrolysls hw

o

conld not ba detected alftor 1IH0 minutes hydrolysls, suggeobing
thoat 1t was sn acld-lebilo sugar readily split off from the
polysaccharide and probably occoupying o terming) pogition in

the polynor ¢hain.

In the Tollowing sections, the abbreviaetion LPs(R)
will bhe used 1o doeslgnnte the lipopolysmecharide obtained
from the culture £luld, whether purificd by e combination
of solvent fractionstion and ILracitlonael sedlmontation or by

the latter prooess alono.




Galactose
Glucose

Uannoae

Xylose

Ribose

Rhamno se

Pig. 22.

8la

Qo=+ o Ck

Standards 150min. 50min. 15min. 5min.

Diagram of the chromatogram of reducing sugars from the
lipopolysaccharide, PS?~UCD20, after various periods of
hydrolysis.

Solvent, butanol-pyridine-water; sprayed with aniline

phthalate in moist butanol.
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boohion He

Gomponent, fatiy eeld of the lipopolypacchoride, $Ps(B) from

Protovs vulgords culture £inld.

A samplo of the lipopolysaccharide IPS(R) was bydrolyst
on o boiling wotorebath with BH-HOL for 8 howrs and the
liberated fatiy oelds exbraoted from the hydrolysate with
ethor. After removal of the ether, the fatty zeld residue
wos dissolved in brisene and chromatographod on poper on
deadribed in the Appondix, Whotman Noll civeles (26 ome
dismeter) wove used and the wmateriale applied after cuthing
novrow 28lity in the peper to provont diiffusion of thoe spobs
on the statlonaly pohroleum phasesy by cwitlng sdx olites the
popor wag, in effect,divided into aix segments, thus allowing
the mmning of o sample of the hydrolysate togetlnr with the
stonderd soturated fatty aclde and the standerd wsaetursited
aclds on osch half of the paper.e On completion of the run
the paper wap dried and eut into two halves as shown in
Wigge B3 One helf was then steined for tolal fatiéy acido
and the othew for unasstursted acido.

The golds identifled by this means were capric, louric,

myrigiic and palmitic, the atsinsg Lor the Lirst two being too

faint to be clearly visiblo in the photograph shown dn Vig.83




Fig#23

62a

cl81 ¥4 1O

Paper ohronuitograia of the fatty acide liberated

from the lipopolysaocharlde, L1S(£)» by hydrolyeing
for 6 houre with Stationary phase, Shellool
T# mobile phase, OSf* acetio acid#

H * Hydrolyeate of the lipopolysaooharide.

Mx " Standard mixture of saturated fatty acids in
benzene solution, containing per ml.# 15 mg# oaprio
acid (CIO), 12 mg# lauric acid (012), 12 mg# nyristio
acid (ClU)i 10 mg# palmitic acid (016), 5 mg# stearic
acid (016) and 3 mg# araohidic acid (020).

M HE Standard mixture of unsaturatsd fatty acids in
bensene, containing per ml#

15 mg# olsio acid (0) and 5 mg. linoleio acid (L)#
Upper section stained with copper acetate and sodium

diethyldithiooarhamate# lower section stained with
beneidine reagent#
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A denge smiain ol ond near the point of wpplicatlion indicoted
the presence of higher palds, posaibly C20 and upwerdo. The
unsaturated scids woere difficult Yo dldontify, but there
appesrad to be ot lesst three, runwing oclose togethery by
varying the load and the duratlon of the run, one of theso

woo ddentifled ap oledle seld,

Of speeiel interect was the faet running acid which
oppeared, Trom the intensity of the staln, to bo a major
componand (Flg.28). VWowoiny, Inderits and ﬂnm%phaliaﬁ nleo
found o fast running selid in chromatogrems of the fatty seids
from the Lipopoiyaaccherides of o number of organiemns, and
suggeated that is was probably B-hydroxymyristic acid, ‘Yhis
geld hod previously been weopovied by Wlemeny and hig 60w

1R

workers a8 o congbiliuent of the lipld icolated from the

Lipopolysaccharide of Bachexichis coli. To compaxre the

acld obtained in the presont worlk with f-hydroxyayristic

aeld, the latter wos synthegised as deseribed in the Appendix.
fhen chronetographed on papoy, the syntheslaed aseid wap found
0 yun in the sane position ss the fast moving seid in the

hy@rolysate of LER(TL).

To egbablieh furdther the identity of the Labtty nelds,

the hydrolysate was submitted Lo gos-liguid chvomatogrsphy
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using argon as the gog phosoe and g polyestor of ethylene
glyeol with adipie acld, croge~linked with pentacrythritol
(Lal=-2al 4468), as a stabionery phase. She fatty scide were
converted o thelr esotersn by mesns of dlagonethane prepared
ne desperibed in the Appondlx. To the aclds, dlssolved in

a Little other, the solution of dlasomethane was added until
slisht excess, the solvent and cxcess diagomethane vemoved
by digtillation, and the resldue of mothyl estors piored in

vecuwwa genled anpoules witll reguired for ui.s

A stonderd mixture of the satureted Latty seldn,
CLO=(R0, with the addition of gynthoslised f-hydroxymyristic
acld,wes mothylated in this wey and submltted do gase-liguid
Chroma tOErapny « The trocing obtalned, Pig.ld, shows the
velative position of the f~hydroxy acid.

The Latty seids obitained by hydrolysis of IPS(R) wore
nethylated ond expminod dn the same way; G0 Ldentify tho
elublon peaks, the above sleanderd mixture of wmaethyl eobers
and o stendard mixture of the mothyl eolbers of clele ond
linolele celds wore yunr before cach anclysis perilod.

By compardson of the ratentlon dlmes Lrom the aiv pealk, the
polds ddentidied dn the hydrolysate wercs- capyic, louric,
mywlatic, palumitic, stearic and f-hydvozymyvigtic, together

with o small amownt of olaic. The other aeido ware not




Cl2

CIO

Voltage

Argon flow 23mle/min.
Liquid phase LAC-2-9446
Column length 4 ft.
Temperature 173®C«

CIO - Capric aoid

Cl2 - Lauric acid

Cl4 Myristic acid

Cl6é - Palmitic acid

Cl8 - Stearic acid

(3-0H-C14 - P-Hydroxymyristic acid Cl4
C20 - Arachidic acid

Pig.24. Gas chromatogram recording of the
methyl esters of standard Cl6
fatty acids. The short lines on
the abscissa represent 10 min

intervals

C18

020

Bda



Voltage

Argon flow
Liquid phase
Column length
Temperature

Fig. 23.

J.

Gam chromatogram recording of the methyl estera from the

I250vV.

42ml. /min.

LAC-2-E446

4ft.
176@cC.

14
2«

4«

P o

Caprio aoid
Lauric aoid
Uyriatio acid
Palmitio aoid

. Stearic aoid

A-Hydroxymyristio acid
Oleic aoid
Probably palmitoleio aoid

lipopolymaooharide,LPS (E) *

The short vertical lines on the abscissa represent 10 min,

intervals.

84b
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idemntified hut one wap probebly palmitolele and some of the
othors poesibly oddw-numhered corbon chain oclds (Pig.86H).
Comparigon of the gas<ligquid chromptbogrom with the paper
chromatogram, Pig.83, showed thot the major 1dentified acids
present wore myrintic and P-hydrvoxymyristic with o lespor
amount of palmitic. Thera ddd not appesy o be any arachidic
acid (C20) present end the smount of sbeariec was vory emall
which would account for ite apparent absonce in the poper

chromatogramn (Fige23) .

Soetbion 4e

Berolopienl Resediong of the lidpepolyascoharide

Mbtigora,.

(a) %o Proteus vuleeris cella. - Antisgers were produced in

rabblts by intravenous adminiasbtration of washoed freose-drvied

cells of Proteus vulgerls ousponded in apyrogenlic physiologics

saline ot n concentration of HOO ug/ml.  The anlmsle wore
injected threo timep o week for elight injections with G5 mlv/
ke of the suweponsion, Lollowed by four injections of 1 mlﬁ/kg.
Meood samples were then btaken snd ithe zerum separaied by

coentrifuging ond agtored at O=490, Bomplos of sorvum were alog
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obtained from the anlmals before commencing the goeries of

ipmuniesing injections.

(b) Do Livopolyaecchavdde TPH(N). - Hobbits received B.ﬁlpg/kg.
of TP8(B) intrevencously three btimen a weok Tor eighi
injections, followed by four injeetionp of 5JM@./RQ; hlood

gonplen were romoved and the gerum separated as hefore.

In tegting for serological setivity, antigon-—aantlibodsy
procipitotion in agar-gel plates was uaéﬂ.za? The agar (Difeco
was {disgolved in water at BY concentration by heating in a
stoamer for one houp with occasional swirling, and the solution
filtered throee times through £ilter paper pulp in o prehested
Buehner Funnel, using gentle suetion to preveat frothing.

This wae found to give o sulficiently cleayr sgor-gel without
vaeconrae 1o the noyve elaborate methods of ¢larification whiceh
have been recommended by wthmrﬂ.aé Aoy filtration, the
sgoy was distributed dn 50 ml. volumes into clean, sterile
flasks whiceh woere thon sealed by means of geveral thlelknossos
of grease proof paper secured wilth elaatic handg, When
c¢ooled the Llaske wore stored at 0-4°C,

Potri dicshes ol G495 ome dnbtornal dlsmetor, afber
expminotion to ensure freedom from sceratchos end abnormalities
in the glaps, wore washed wlth o chronie acld cleansing

mixtore, pingsed with digtilled water snd dried. Treatment of
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the inside bhottoms of the plates with o Lliguld silicone
preparation (Repeleot, Hopkin ond Willlawms L6d.) effoctively

provented under runnlng ol the reactentd.

& flosk of apoxy was melbed by heoting in o gteonmer for
one hour end carefully mixed with en equal volume of double
gtrength phosphate~citrate buller, pl Vo8, conbaining O.4%
podiun aside and which had prﬁvi@nwly hoon filtered hok
soveral times through the game Whatman Nol.l filter paper.

The agor solution wos thoen digtelbuted into the petrli dizhes
placed on a Llat levellod board, uvsing 8 ml. of agor golution
t0 cach dish, and the board eovered with & large inverited
gloss tenl Lo provide o relatively alretight peals ihic metho
i prefoeroble to ¢overing each dlsh indliwiduslly np in the
lottor case there dlo a tendency for condensed water o drop on
to the agax.va tne or 4wo petri dishen conitoining wolter were
plecod undor the cover to prevent wndue evaporation of wober

from the agare.

When so0lidlifled, wolls were cut in the ogar by mesng
of Feinbory Ager Gel Cubtters (Shendon Sciontiflic Go.) ond dhe
ceut agar diges removed by moeang of o plece of glags tubing
attached o a water yump and passed down through esch cubhing

shofle The wells wore nunbered by pressing snell lead shot

into tho angar, Photographic records of the precipitation line
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wore made as doseribed in the Appendix.

fhe TES(H) uoed as Y anbigen® wan propoved as
proviously deseribed oxeopt that at neo stage wos the meterial
froezo-dricdsy The deposlt ailtor wltrecentrifuging wao
disnolved in dietilled weter by sholidng for geveral hours and,
after dvy-welght sutimations of pollds contant, adjusted to
1% w/v concentration. his wos neceswary bocouse of the

poor gsolubility of the Lipopolysaccharide after frecgoedrying.

During the gteges in the purification of ILPS(1) ewch
Pfraction was tested agrinaet the bacterisl-cell antiserumy with
the exrude phenol extracted material (PEPR) soverel linen were
obtained, two of which ave clearly scen in Pig.26 (well 1).
Tho pronounced bond sbout midway between tho wells and
potually coneisdting of more then one line, was given by the
weakly pyrogenic frocotion (PUPD/UCS20) obtained by Tfreotionel
gedimentation of POFE (Pige26, well 4) but not by tho active

LES(B) (well 24)e  The pingle line giveon by the lipopoly-
saccharide indicated that the malerial was immunelogically
homogeneous, although In gome expovimente, o seconil faint line

wan obiained.
No precipitation wes apparent when ZE8(E) was tested

agodnst its own entisevun (Plg.2Y) suggesting thet the Llipopoly

saccharide wos o hapten and not a complete antigen. It is




Pig.26 Agar-diffusion preolpitin pattern of polysaooharide
fractions from Proteus vuliiaris culture fluid when
reacting with homologous bacterial-cell antiserum.
Centre well, bacterial-cell antiserum; well 1, 2#
solution of the phenol-extracted material, P8PE
(O#1 ml.); well 2, 1# solution of the lipopoly-
oaooharide, LPS(£) (O#1 ml.)| well U, solution
of the fraction PSPK/(JCS20, remaining in solution

during fractional centrifugation of the phenol-

extracted material (0.1 ml.).
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Pig.27 Agar-dlffusion precipitin pattern produced by the
lipopolysaooharide LP8(E), from Proteus wvulgaris
culture fluid when reacting with homologous
bacterial-cell antiserum and LPS(£)-antiserum.

Well 1, bacterial-oell antiserum; well 2, lipopoly-
oaocharide (1# solution, 0.1 ml.); well 3# lipopoly*
saccharide antiserum; well U, as well 2.
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pointed out, however, that very onell doses were used in tho
inmunisation procodurey higher doses wore trded but the

apimals did not survive the full course of injections.

vhen tombed sgednet LPS(R), no reoction wen obtalned

with any of the scra taken before immunisstion.

hdle the FPoregoing results dndicated that the nroteine
frae lipopolysaccheride obtained from the culiture £luid was
not o complete santigen, eavliier investlgations had shown that
the ¢rude materlal iooleted from the culture Lluld before
phenol exiraction (PSALO Beation 1) geve a positive tost for
preotoi. Attontion was noext dlrected 4o the isolation snd
purliication of the nrotein-containlng materiel and the

investlgation of lte lomunologlceal properties.

The goll-fres supernotants fluld from e four-day serated

culture of xrateum vulgoris wag eoncontrated under reduced

prevours as describod in Beotion 1(c). Aftor dialysis tho
goncentrated solution wos further concentratod to o pmall
volume and olexified by centridfuging ab 10,000 »mp Lfor 15
minutona Tho claxified solubtion wans centrifuged at 106,000 g
Tor four hourse and the supgenatont fluld decsmtod from the
deposit and freese dried (POC/UCSLOB - Proteus supernatont
coneentratedy ulltracontrifuge supernatont 105,000 g ).

The depondit obtaldned during the ulitracentrifusging was
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rodisoolved in wator and yaconirliiuvged for four hours ob
108,000 g fhe sedimented matordal was then dissolved in
wabtoy and odjusted, sfter dry-woizght ssbinations of solilds
content, to 1% concentration. Some of this solutlon woo po¥d
apldeo fop serological teets ond the womalndey {reoss-driced
(ﬁﬂG/Uﬂnlﬁﬁ - Protous supernatant, concentratedy unlirvam
contrifuge doposit LOB,000 ). Pyrogen tests on boith
mabterials show that the pyrogenic sotivity resided in the
fraetion ?ﬁﬂ/ﬁﬂﬁl@ﬁ (Pable 11)3  the yield of this frection

was approxinately 3 mg./litre of culture f£luld.

: J Wee In rectal
Fraction 92“$H E% 9 iﬁ.f?cﬁal
MBI semparature.

PRC[UCDLOB Oul Lo 800
Qw02 1. 269C
PRC /U08105 Oul 0+65°C
Ou O, g 15O

Table Ll. Demporature prevspense in the rabbit to Q.l‘pg/kg. and
Q,ﬁl)ﬁg./kg* of the produots obiained hy Lracvionsl
contrifvgation of concentraied, dielynoed frotouns
vulgords culiure £iuide Praction PSC/UUDLOS
seddmented at 106,000 gy fLeeetion wﬁﬁ,ﬁﬂﬂlaﬁ
venadned in golution ot this volue of g Iach
tonperature rige givon in the Pable wag the avoerage
for 10*rabbits.

Chemionl properhtios of o0/ /UGDHLOS. - Yhe presonce of hoth
- !

protein and polysaccheride woan shown by posiiive Biuret and



Volloch reastiono,ond peid hydvolyels libersied o ehloroform -
goluble Lipld. Dopeatved ultreconirifuging at 106,000 ge

did not cienificantly altor ithe niltvogon value (Ne4.99)
sugeesting thot the nabtorial was in food o protoin-lipopoly-

anocharide complox.

STNS

Serologicsl ronetlong oﬁﬂﬁggjﬂﬂmiﬂﬁ,_m Antisora to the
‘meterinl wore produced in vabbits by the procodure glven
shove for IPS(R), and oxemined by the agavegel didlfusion
pracipitin. technique. Ag dllustrated in Pig.28, o gingle
line of pyreclipitation was obtained botwesn Eﬁﬁ/ﬂ@@l@ﬁ {wells
2 ond 4) and the apecific iomune sorum prepared againot it
(well 3) and this line was eontinuous wiith thet obtained
beotwaon Fﬂﬂ/ﬁ%ﬂlaﬁ ond baoterisl-call sntisorum (well 1)

a faindt line inside the laﬁﬁer line indicated that the
material wag not completely immunologicslly homogensous.
when LPS(D) was btewted sgainst both the smtiogyun o ﬁﬁﬁ/ﬁﬁnl@
and %hat to the boeterisl calls, one line of precipitaiion
was obbained in cach casey the are formed by the two l<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>