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T gram-negauve ha:terium has 1ncreased‘ B

.tne basic structures of the po\yslccharide pﬂrtinn fmm ea:h nf the

; _three stralns exmb‘med distirict structurﬂ differences.

‘Answmr'-’ o T, o8 Sl
gxdroghil Kepresents-a grﬁp of. bacteria pathogen{c to” g o w4
‘Fish. Recenﬂy the sarie bacterfa have been increasingly impl!cated : /. 3
in human infections, pnrﬂcu]arly asa secondary 1nvnder' znd are now - P *
In!ng recugn(zed as_a-serious pathﬁgen under: Mese circumstinces. As .
ittle 1s] knovm ‘of the b(nchemical “basis of vathogen!ﬂty of this’ p

spe:ies Mterest in .the structure and 1un|uno1og'lca| nrnperties nf

,tne :el'l surface \ﬂysaccharides of the d(fferent chemot\ypes _of this .

(o The ‘three bacterm co'lonies used for th(s ’ln‘destlgat(n ‘were

se'lected from biochemca]'ly pure cu1ture af A hxdrnghﬂ o Une

represented the nveran strain, whereas thé other two, mutants, were . °

isoIated as mrpholognany d{fferent c\ones. ‘The urigjna! strain 5

¢ Cand one of the clones were . sensmve to | phage whﬂe the other cl one

L Was resistant to the “sane phage. orE = L g SN

L1pogo1ysaccharides uere extracted from a11 thvee variants and 2

Chemical anﬂysis (meth_v\mﬁnn, per{ndate ‘oxidation :nd

“selective. degradat{ons as well |d$ speccrnscopic techn‘lques mcludtng‘

" mass spectrometry and “high’ ‘resolution p.m.r. ‘were ussq for the

ictural lnvesngatinns. B}







'yti; ﬁns}n}!& for the. core =

the:1{p charide of the minor phage -
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-xiv-

NOTATIONS AND 'Il;lREV[ATlOHS

SJ—M! SJ—47 SJ-EE represem: A. xdroghﬂ a strain A6b, A6a and
As M\ose orig!n s dis\:ussed (n _the experimenm part (Secuo" 1. p. 57)

DA o R--and. SR=* stand for rougn" and sem rough" oligosaccharldes. ‘

ps for lipopa'lysnccharide.

a=LD-| Hepp_ stands for L- g'lycero—u D—mann heptopyrnnose, ) "

3 a-BD-Nepp_ stands for D-gl,ycero-u-D-manno-heptopyranose

* K00 or doc1A stands for 3- - deoxy-D-mann6-2- octulosonic, acid et g
4 g ¢ Glc_gu stands for 2-amino-2-deoxy-| D-glucopyranuse ’

i . Mungu stands for ;-amfnp-.Z-deoxy-n-mannopyranose
® Glcp .stahds for glucopyranose
o Galp stands for galactopyranose’

-« e Rhap stands for:rhamnopyranose - g

. nan’g stands- for manrlopyranose e

o Ara’ stands’ for arahtnose 2

'The faﬂw(ng abbrevlations will also be usﬁl. g.l c. for gas

: '1|§uid phr_omta_gravhy, 1.¢, fcr gas Hquld chrmatograpnx

. coupled. with.mass spectrometi*y, n.m,r, for: nui!ear magnelﬂ:. _résonance
3 i and HV.E.': for high vo'n:age e\ectrnphnresis.\ .

The nomenc‘lature used fnthe fo’l’l oning text will be. that of :the

i IUPAC Joint Comnission on Biuchemlcal Momencutum (JCBM) reported in

: i o the Journa'l uf BioIoglcn’l Chemistrx, Vol: f257 uo 7 pp 3352-3354

(1982, . i : g ; >
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INTRODUCTION : :
B i : 5 g * R T
1. . BACTERIAL ‘LIPOPOLYSACCHARIDES : g

“Several yenrs"ago Bennett (U'ﬂpredic\‘.edmhat an ‘mv‘est(gatnr in,

 almost: an.y biological field is 1ikely: to- obtain a posmve resu!t 1f he

tries Hpnpu\ysaccharldes in' the exverimenta\ systan he is using. il

- The generﬂ term Hgogo'lzsaccharld (1ps).

of macromu1ecu‘l es

‘and: represents a characteri stic attribute of the gram

negative hacteﬂa The' term has 1cqu1red a special cnrmntatinn An-

chemica’l bactermngy, where Hpopn'{ysacchar‘ide is uften used asa-

synonyi “foit endotoﬂn. '_
The devz'lanment of Hpopnlysacchiﬁde chemlstry dur1ng £he 1ast

tMrty ,vears nas been' remarkaMe both_ for. Tts a:hievements and.for the:” ’

variety- uf disc(pHnes fram which wntrihmons have stemmed (2- 5)

‘The Hterature of Hpopn]ysacchnrlde research is. hllmense and cannot e
adequamy mvieued in th(s presenution, therefore only. the mst recent

and relevant studies have been clted wim an. attempt to refer tm

critical nv'eus whenever possﬂﬂe_

Lipapmysuccl\arides can . be extracted from hacteria and exmbit s

antigenic properties dn bio'lngicﬂ yswn react with

certah\ antllmdies in. ant‘l whole ce“ antisera, and when. used as an
imnnnoadsorbant, wm remave chese anubudles by precipitnuon or. by .
hlnding. &

containing bacteria or of purified ‘I!povolysacchande |nto> experimental -

notes a unique class A

“on the otner hand, 1njection of hrger doses of 11pnpo1ysaccmr|de..




3
animals causes a wide spectrum of so-:aneu endutoxh) reactions. In

contrast to_the spec1 fic dela,ved hmlune r'esponsa these eﬂ’ects are, 1n . *

(' ¥ i « genera] mn~specif(c and lcute and would 1nc1ude such phenomena as.

fever, changes in 'leukocyte counts, shock, and in many cases “death (5-

8§ HEW DU 1) reavage of llpopﬂysaccharide with mﬂd acid’ y(e'hds free LR
po'lysacchurMe or. quosuccnnrlde nhlcn when coupled 0. prntein, may be ", e

production of prntecuve vaccines (15).

The basis’ of. the unt!gen-antibow imunolug(ca'l phennmenu is_the

. recngnitiun of partia! structur:s of the po]ysaccharlde antfgens
unt!hodles, ,nolecu]es. or hnlune :eﬂ receptors. These partial

L. structures are knn‘wn as ant(genfc defenninancs (detenninant groups) and s B 5

~ - may. he o'l(gosaccnarides or.even individual monosaccharide residues ¢

e . ot s

" For consideraﬂon “of  the: antigen-antihody reicnnn.,the knowledge .

o N “ ; o ‘of- the structure of . the po'lysaccharilde antigen. is,jcessary 410,11, 12,

) 1‘.1,. The Granw(egaﬂve Bar:terlal CEH Ha11

(R):the mner~

T‘ne bacteriu'l ceﬂ wa'll consists of thrée 1ayers

cytop] asmic memhrane in vmicn cmnplex enzymat(c systelns for. redox “d N =

processes the n 1 of comp'lex macromolecules and theactive:. ¥ R

transport mechan‘lsms are 1ocated- (8) the pepﬂdoglycan or murefp layer

uhich mah\tﬂns the r1§(dh:,y and shape of the. bacterh’l ceﬂ wall;




x 4

(C)the outer membrane, containing a lipoprotein, phospholipid and the

Hpupalysaccharide |ayer (Fig. 1). . T M

The :arbn!\ydrate chalns of the Tps extend outwurd the outer

- menbrane 1ayer (17)" and are respnnsnﬂe for the ant!genic specmcity nf

the organlsm (13). “In addtcion many bncteria such as; Pneumococcus,
K'Iebs{eﬂa and:

coli‘are surrounded hy a capsule.

‘ e 2 f The cell envelope wmr.h campr(ses the outer membrane and capsule;
i iR
i

conta'ns carbnhydrate antigens wh(ch 1nduce tﬁe formnt'lon of annbodles, :

A : % “and whichi react sero'lngica'lly with tnese anuhod!es in hozh ‘manand .
i animal- (16) ‘The,

11 “envelope also conta1ns receptvrs fornbacterio-' 5
'3‘ W phages"hence the bacterial surface contains components which p\ay an

important role in the -{imune’ recogn!t(nn process. The best studied of

‘these ¢ are théy which' form the. capsules ‘and are p

* A known as capsular untigens or K-antigens and- the Hpopﬂysacchar‘ides

e R b known as-0-, or R—antigens. It is mainly tnrnugn K= 0- nnd R-unt!gens

5 'that bacteria express; “their:. imuno!ugical |nd1v1dua|1t.y (12 16). ‘

‘1.2. Ge,n‘era\\‘Arthe’cture .o'f Bacterm L1popa]ysa:‘charlde

The c1ass!ca1 madeL fnr- a bacteria‘l 'Hpapo'lysaccharide 1s thav, .

origina'l ly proposed b,v Luderh:z and uestpna1 for :a product (solaqd fmm

.’ % smooth "i1d- type stralns of. Sa’lmaneﬂa. As shawn (Fig. 2), v.he model

for the- structura'l unit of .d cumplete Hpopnlysaccharlde (s-form) is

cnmpnsed of three cova‘lently aned segments (D-side chain, the

; core and Hp'd A) ‘gach nnh ns distinctive composition, biosynthes{s
b and b|o1og1ca1 f(mctiom




é Lmnpnlysac:hande

6

Llpnnruteln Phnsnhnlmm
Pep‘lﬂoglycan layer

2 \%\\\\QA"?& }cmplasmlc Mumbrane

Cytnplasm -

Fig.1..

Structure of the bacterial cell rienbrane
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The 0-side chain is the serologically dominant. part of the
“molecule responsible for antigenic specificity. It is composed of
repeating u'l,igosacci!aride units léften‘containing rare sugarsi ir) which
the seroIogica] detennmant resides. It fs absent from the h-fum

£ Hpopulysacchandes isolated from rough strains, but is usnuny produced

: \ “as a napten : mutants in uhich genetlc ;efects 'lead to the Mos,vnthesis A

of an incmnp]ete core (12).

4 # ‘The .0-antigen pornon of the 1ps, mﬂecule is yotentia‘l!y uniqle S

b

for ‘each bacteriav species and as siich imparts sem1og1ca| specifmty

- “. a‘nd identity to'a vurﬂcular orgarnsm. £ + e & ' 8 * <+
X The O—an\tigen is linked to the. core o’lignsaccharideaﬂ‘lch is-often: - l 3 ]
R A sﬁecies specmc but can vary both within and between bacterial species,

-~ p&frticular\y when non-| Entvnbacteriacea are considered.- The coﬂrplzte

' ﬁo],jgosaccnande. composed of different’ sugar units,. may he

ivided into an "outer region" to which " the O-antigen. is attached, -

and an "fnner region” linked to 1ipid A. This o1igosacchar1de is.
Yy generaHy aned to the 1ipid comporient of 'Ips Qiptd A) through a
% N trisaccharide of. Z-keto-3 deoxy—D- anng—cctu!osnnlc acid (Kbo, dOcIA) B P

“ though tnis ] nkage may not be uiiversal: Lipid A is apparently .. . ¢ =

g responsible for the éndotoxic activities of the Hpopn!ysacchariﬂe and

" appears to be very-similar if nvt identical in’’ many bacterial species

(19).
Theﬁipnpolysaccharide Df"ﬁu'lmoneﬂa has been wide]’y used: as a* ¢

basic model in the 1nterurecatiun of: camposniona'l and structural data

for the Hpopﬂysaccharides of other gram-negat!ve bacteria. ‘With the * o




( whh:h yietds a water so'lub!e extract \‘.hat is subsequently pur!ﬁed by J

B 7
elucidation of the structurées of Jps from an incre‘as!ﬁg number. of

species however, gross differences from this "basic modé]" have been .
reported. gy o .

.3. Isn1at10n Structure and

extract depend on’ the organism. the starting muterlal (uhnle cens or
g |solnteu envekzkbesl nnd the

The: method uf choi

; Mm\ speed centr{fugacinn. Fur R-fonn Hpnpolysacchur(des wnich Imve

Ny mﬂd and se1e:t|ve PCP' method (23) WV g &

Because af the resence of carboxy] phusvhury\ and ethanolamine

res!dues in the m1ecu1es l(yopa]ysacchaﬂdes\are unphnteric- t
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Fig. 3. Structure of the Hpopo‘lysac:hamde from Salmoneﬂa
typh(mur\\ln (12).
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The aligosacc{xar(del which is formed and polymerized during the
qusynthesis represents "the biological repeating unit'. Due to the
acid Tability of the rhamnosyl-and abequosyl linkages, mild acid
hydrolysis of the 1ipopolysaccharide yields the "chemi‘cal“ repeating
unit 2 with a different seque}\ce (11, 12). ‘The concept of two types of
repeatinq unit is quite 1Iportlnt'as chgm(ca'! analysis will only reveal

the chemical repeating units and only by Juck will th‘ey’be identical to

the biological ones.(12)..

s / ) Abe BT elc " (abe)
. + +
L Man  + Rha »  Gal Gl + Mam + Rha -
1 2z

1.3.2.2. The Heterogeneity of 0-Chains

The constituents of the true biological repeating unit Abe, Man,
Rha and Gal of Figure 3 are constant. In contrast both the acetyl group
of the abequose residue and the side chain glucose unit, which are. added
in the Tatter stages of the biosynthesis, vary and are often not.present
in equimolar ratio (31).. Furthermore, their presence or absence may be
subject to variation for other reasons (e.g.’ antigenic conversion by
phages). This incomplete substitution of the basic 0-chain causes the -

well known microheterogeneity fm:nd in lipopolysaccharides (12).,




1.3.2.3. Structure of the Core

The core structure of S. typhimurium (Fig. 3) is common to all
Sa!ménella species‘ and also occurs in other enterobacterial 1ipopoly-
saccharides (11, 12, 20). The Salmonella core contains a 1ipid; a
hexose oligosaccharide (outer core) consisting of gvglu;osamine, g—-
giugose and g—ga’lactose; and an inner cure_reginn consisting of an
oligosaccharide’ of the core specific. Sugar. L-glycero-D-manno-heptose

(LD-Hep) and Z;dedxy-p_-mannu-ﬂoctu!osop!c acid (KDO -or x}inclA),’ each

,.fomlng a branched trisaccharide’ (10,32), this region is 1inked directly

to the 1ipid which, by common agreement, is always referred to as
Lipid A. The exact linkages in the KDO trisaccharide have not yet been
definitively established (33). )

The reducing end of the KDO trisaccharide Tinks the polysaccharide
to the Tipid A in a relatively ar.ici labile  (ketosidic) Tinkage. The 0-
chains are attached to the terminal _g]ucnsg unit of the core oligosac-
charide. 7

A-characteristic feature of the core is its substitution by
polar groups such as phasuhaﬁé and ethanolamine. The carboxyl g}‘oup of
KDO contributes to the acidic character of the lipopolysaccharide and»
this negative charge'appears to be physiofo‘g'caﬂy important (12).‘ The
1ipopolysaccharides may be interlinked by ionic linkKages to -other
components of the cell wal] th‘rough divalent cations and polyamines.  If

this is the case such an arrangement would provide integrity and

stability to the cell wall.
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The core region of lipopolysaccharides exhibits a higher degree of
heterogeneity. Substituents of the core, including P, EtN, and GlcNAc,
are not necessarily present in molar amounts. Furthermore, alkali
1ahi‘le_ substituents such as glycine have occasionally been detected on
the core (32, 34). .
In recent years numerdus core types ha've been identified in
Entercbacterfacea (11, 12, 20, 35). Figure 4 illustrates a selection .
. of these core oligosiccharides (Ra-R4 a;\'d KAXZ]_. ’ * g \»

’They a1l show major differences in thé' hexose .region (‘outer core)

but are quite similar in the Hep-kﬂo region (35). Table Il Tists
Vd|f'ferent strains having different core oligdsaccharides structures,
some of them are R. mutants with incomplete biosynthesis.

f:omposinnnaI analyses of the core of lipopolysaccharides fsolated
from various bacterial species, have revealed the presence of many

unusual constituents such as D-glycero-D-manno-heptose, (44), uronic

acid (45), or &mino acid (42), and in the ¢ase of Vibrio cholerae

strains, fructose (16, 46) or sedoheptulose may be present. These

possibly replacé KDO in linking the core m the lipid A.
Lipopolysaccharides containing a core devoid of heptose or Koo

have also been dentified (20, 21, 47:49)."" ’

[ +

1.3.2.4 Lipopolysaccharides of R-Mutants

Remitants are défective in 1ipopolysaccharide biosynthesis.

Depending on the defect, these mutants synthesise complete or incomplete
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* core structures still Tinked to 1ipid A, but all devoid of the O-chain.

Figure 5 shows a series of R-form 1ipopolysaccharides derived from
Salmonella mitants defective in different steps of the biosynthetic

¥ o.r l
pathway.' Similar series of R mutants have also been ‘{solated from E.

cdi (39), Shigella (50) and “Proteus (51):

Ra mutants dre: defective in 0~ chain synthesis aid prodice

'Hyopo'lysaccharides w{th complete core_ AH of the ‘mutants. fromJlb

“to Re ‘; e .are core, dé e and’ {26 g'IyCOHpMs uith
R

1ncomp1ete core.

o conta(n ‘only KDO and Lip(d A. “The' di fferem: R-mutants and t‘neir respec-
tive R l1popo1ysaccnarides cani_be Tlfferentiated and identmed by mns )

of: 1ect|ns (52) and nnt(hod(es (53) as the ‘terinal sugar- sequznces

(which are dlf_ferent) are recognized by such,cunnoungis. The mitants may
alsobe idént!}lqd by chemical unaiysi; jtf‘tngir‘lﬁ:‘opn!ys‘accha'r'lgiesv and.
'by' thefr. phage -pattern (54). Occurrence of - the R=Forns 1s ‘rare in’

. nnture a1thnunh they can be- cultivated under |aboratary cnndmuns and

are genera’ny non v1ru1ent, phagncytized by mamphages and ure sensi-

tive to: ‘toxic agents (12),

1125. Structureof LipidA ¢ LIS SRS B

The Hp|d A Io1ety 1s. usuany Tiberated from Hpopnlysacchar{des by
mild, acid treatment: .The “free Tpid A tnus cbtalned is -a ua\‘.er-insb\—-
uhle precipitate, so\ulﬂe An' organic solvents such as chlorofnnn (12
16; 200, Figure 6 shnys the: structure of Sa’lmone’l]a llpid A “hich

_/c'antains a centra} disacchaﬂde of tylo g'lm:asaujne res1due§~11nke¢

lpnpalysacchaﬁdes qre th most defective and 4
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o 81+6. Botl: glucosamine units are substituted by a pho}phate group; one
beiﬂng bound in ester 1inkage to C-4 of the mon reducing glucosamine
(glucosamine II), and the 0§her to C-1 ‘nf the reducing glucosamine
(glucosamine 1), thus occupying: the glycosidic hydroxy! group and
rendering the molecule: nnn—requcln;. In ihe lipopo1,'ysidcharide, the .
L ) terminal{kpo unit of the-core s attached to C-3 of gw':nsamne 11 (12,
; ) 163195 20). The P-GlcN-G’IcN-P moiety of: t.he 1lp1d Ads. temed "'l(pid
.

& -

A backbone" (Fig. 6.

The Hp'id A backhone contn(ns buth ester und amida ane fat\y s

:aclds and-is both hydrophah(c and 1on|c due to the presence ‘of the,long

_ o chatn’ fatty acids’ and negativekv charged vyrowhosphate groups.
’ 4 Salmonella Hp(d A cantains the anamng seven moles of 1nng chain g
4 . fatty’ acids: 4 moles' of I_)-3 hydroxytetradecanoic (3-0H-14:0 or ;a-

'hydroxv nwrlSt(c_ncid), and abproximamy 1 mole of each of ‘dodecanoic

ac1‘d _(12:0 Tauric acid), tetradecanofc acid (14:0, myristic ‘acid) “and X
hexadecanote ‘acid (16:0, palmitic actd) (12): To moles of 3041410 *
acylate the amino. groups of the. dtsacchar(de. The remaining f(ve m1es
of fat\‘,y aci.ds are ester linked but .nnt necessarﬂy direaﬂy to. the
hydroxy] groups “of “the g1ucnsnm1ne (55).

In similar’ manner w 0-chains and core, Tipid A also exhihits
structura\ heterogenelty, In ayprox{nately 50% of the Lipid A mo]ec\ﬂes* ‘
nf Salmonella, the phosphate group aned to t_ﬂucasamne I is substi-

tutgd by-a.phosphory1 - ethanolamine residue with a-free-anino group,
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In about 30-60% of the 1{pid Amolecules the phosphate bound to °
glucosamine II.is substituted by O‘amnn—l-deoxy—-g-arahinose‘ (4-AraN);
the linkage being through C-1. Both the amino group and the hydroxyl
groups of 4-AraN appear to ‘be unsubstituted (56).

1.3.3. Biosynthesis of Lipoplﬂysaccmrides
.3J 1 Princnﬂes of the. Biusyntheﬂs of . the O-Chains' .

The biosynthes‘ls of O-Chains is cacalysed by a multi-enzyme: system

.that utnlzes @ membrane-huund m1y1snpren0|d compcund as’ carrier for
"r.ne g1ycnsy1 res1dues. ]

“In Salmonélla groups’ A, b, and E (57), the synthessi s begins with
the reversible’ transfer of galactose 1~)_)ho§pnate from UDP-galactose to
the phosphorylated carrier Hyid.

Sequential transfer of -the adqunal sugars to the 'Hpid Tinked
intermediate 1eads to the fumat(on of the 0-cna1n repeating unit linked
through a pyrophosphate bridge to the carrier molecule. . 'The repeating
units -are then polymerised prior to the addition of other. substituents
(e.g. écetaté) (1‘2)."‘Pulymerfsatjun ggeurs by constantly transferring

_the growing chain to a newly activated repeating unii (grénth at the
reducing end).. This results in a 1ong chain polymeric 1m:erned1ate that
is still aned at the reducing end of the carrier lipid. ls a ﬂna'l
step, ‘the o-chains are transferred from the 'Hvid—carrier to th! inde-

pendenitly synthesised core ’Hpid A to form the complete molecule. (56).

‘




< the respective sugar transferases (12 16 20). 0. chnin synthesis ;‘
‘kprnceeds Mdependenny uf the’ synthesis of the cor
’bacw‘h »dth defects h\ core synthesls also synthes(n O-Chains,

2

1.3.3.2. Biosynthesis of the Core

In a manner similar to O-chain biosynthesis a 1ipid-carrier is

1\nv(ﬂved, in this case, 1ipid A, whicli remains 'Hl\keni to the core as

part of the 11popoly ride ‘molecule. The biosy pathway of . — —

:core-hpid A synthesls proceeds from the Re toRa mutants. the sugar

constituents be1ng sequent(n 1y transferred by reacﬂnns ed:by

mf consequenﬂy

* hovever,’ 1uwmp\er,e core s ‘not capabh nf acnng as a receptnr for % o

thes;/%/chn(ns. 8 e ;’ dy o = 4

1.3.3.3. Eiosynthesis of the - Lipld A : -

From pulse/chase experiments the hiosynthes‘ls of Hp‘ld A appears to

occur vla a precursnr moleru'le iMch contains the diphusphoryuted [

.1,6- aned dig'l ucosami ne: hackbone, suhstituted by Four 3 DH-N 0

residues, two 1n amide anage and wn |n ester anage (58] The'

precursor dues not cuntain KDO' and 1acks the saturated fatty acids ! o

12:0, 14 0 and 16:0 present in the comp\ete 11p|d Al The precursor (s
also the acceptor for. the polar groups of the 1ipid A regi un, inc]uding

4- amnoarmnu'se, phosphoryl ethanolanine and.the Ko resdues: (59).

The 1m:orpnratwn of ‘the nonhydroxy!ated 0-acyl residues of - lipid A 1s : 4 4 s
not necessary for the extensTon of the care and 0-chains, but is an ;

essential function for: the survival Jof the. ce]\s (12).
B :




éran-wtin bacteremiz and septic sh'ock- o man are-a direct-

result of the re'actl,u to bacterial endotoxins (60). - Early syq:tans of %

gra-uga'ﬂve sepsis lnciuh fever, dyspv;el; oi |gur|l ‘and hypﬂté_ﬁ s fon.

: aharatory Hndings Mclude decreased veh of “the, mird :nmpn-

nent of co-rplment deficiencies- |n several c‘lomng ﬁctnrs, Ieuko—

cytasls and. dncr‘easzd p’(ateht counts. i “a

The syndrome by which. Tocal !lssne damage occurs as:a resu!t of
|ncreased vascular per‘eabm:y tngether vith “the fnr-athn of ﬂhrin
thrombi in.the cnpﬂhr(es is termed dissesfnated intravascular :oagula«

- tion (DIC)-.(61). Lud? . =

Several aspects of this patmlogy can be minfcked -in animal models

- by the h\,jecﬁun of 1ps isolated fm gra negnivz bacterla. E

"qeneraﬂzed Schnartzunn reaction in the nbMt. mch is, elicmd by

two properly spm:ed 1ntravems irdectlons nf Tps, resuns in hﬂaterﬂ

rena‘l cortical necrosis due % f'lbrln depmtion asa resu1t of diffuse

2 uus drop 1n both 1eukocyt=s and p‘late‘lets (63) lmunn patho]ogic

Hndlngs 1nc1ude g'lawular depasmnn of Ig6, IgN, Cg. fibrin and

travascular c1 ntnng (62). These effects are nccwpanhd b,y a prec1p— :




capabﬂiﬁes. Ga'l anas £t a1 have 'surveyed the 'lps efFects on ))‘Iasma

- anlsms wherehy %paciﬂc portiuns of these mnlecuﬂes can effact the many

activ‘lties dasmbed In the section 1 4. The ﬂﬂ'lawing approaches have

endotoxic cowplex. Yhese achities. ch are eHcited by preyarations




“

T15.2,

) avaﬂabﬂﬂy of ptﬂysaccharide deﬁcient mutants, invesﬂgaﬂnns using

2%
polyclonal dctivation of bone marrow derived lymphocytes (68),
activation of the classical complement pathwa‘y‘(éQ], and induction of
macrophage cytolytic capacity (70). :
In addition to polysaccharide deficient preparaﬁons, naturdl vari-

atiuns in the 0-chain

of smooth 1 ,’ provide a

mde spectrum of molécules which can be used to mveshgate the : » 3

contribution. of ‘the particilar carbohydrate:groups-to (a) biclogical :

* activity dnitfated by the polysaccharide itself and (b} the modulation

of 14pid A activity.: The fractionation of E. coli serotypes 0111:B4 and .
K235 (71, 72) jnto molecular species cantain\m greater or lesser

amounts of repeating O-pu1ysacchar|de may prove particularly valuable.

Morrison .and Leive (71) demgnstrated that Tps fractlnn I fromE. coli

sepotypes O111:8¢ (Tong ‘D-chain) {s €onsiderably Tess toxic’ than

fraction II (shur; 0-chdin). On the‘ntﬁer hand, fraction 1 was found to

be a more patent activator: of serum compl emerit due to acﬁvation of the

* altérnative p thu}y by the po’lysacchar{de component.

Chemical Modification of the LpS Molec.u'lé

1521 hctd Hydralysts -y . P

Mﬂd acid nydru\ysis (11 gce\:ic acid 100 E) c\'eaves the KDO-11pid -
Ailinkage, Hhera’c!ng "free 'Hpitl A“ (10 12 16, 26)‘« Prior to the

such-isolated Hpid.A preparntions ‘provided the best e‘lidgm:e that many
biotogic ‘and endotoxic’ properties ‘were associated with the Tipid
s Rt . S bacesy
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component. It should be noted however that “free lipid A":fs not

necessarily identical to the "bound 11pid A" of the original molecule.

1.5.2.2,  Alkaline Hydrolysis
i

Short perfods of relatively mild alkaline hydrolysis (0.03N,NaOH,
37°C) cause a substantial reduction 1nith\é ester bound fatty acid
component of Tps (73). However, the biological act’;"ivit;‘.es which are
associated with 1ipid.A and which might be expectéd to_depend ‘upon the
fatty acid integrity of this nolécule may actually be enhancedunder
these cur}diﬁons. In genera],'hwevqr,_]onger perioqd.s of alkaline
hydrolysis result >|n the loss of h1u1ngf‘c prn;fe'rtles associated with_the
Tipid A component of li;s, incliding mitogenesis (73). i

1.5.2.3. Polymyxin B

Another approach which has proven extremely usefﬂ Lo the examina-

tion of structure—fun!ti‘on relationships involves the use of r;hemyc‘]ic

-pevﬂde antibiotic Po'lymyx1n B. Po!y;lryxin B has been reported to '

wmm various 1n‘v|vn effects of. Tps | (78, %) It has now heen' estab-
Tished that this antibiotic binds with Tipid-A interfering with several
of the biological® properties of the 1ps molecule (76).

i

2. ANALYSES OF; POLYSA pes’ .

"The miunlogical, serological, and phage receptor properties of

hacterla] pa]ysaccharides are usua“y expressed through regions of the
¢

u1ysacchanide§ Jknown as the., antigen(c detemlnants (12, 15 20). . The

bnsis of the antiggn-antibodx 1mnunolog1ca1 phenmenon is the
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recognition of partial structures of the polysaccharide antigens by
antibody molecules or immune cell receptors. For a quant\'(tatwe
consideration of the different specificities of the antigenic deter-
minants, the elucidation of the structure of the polysaccharide antigen
is necessary (12, 16, 20).
o i In order to fully characurize‘ a, polysaccharide consisting of . .

“repeating units or an oligosaccharide, a structural study. should

4 determine: i
a) the nature and number of sugars residues and their relative
proportions;

the position of the linkages of the sugars residues;

=

i c) the sequence of thevcomyonent ‘sugars;

d) the anomeric configurations of the sugars present; o
' . e) the conformation of. the polysaccharide. '
The literature describing the techniques used to achieve these
requirements cann‘ot be reviewed adequately in a discussion ‘of this
: . nature. Therefore,. only the w;‘hniques used in the course of this work . 2

will be discussed, with an attempt to refer to the latest critical
. . reviews, and to update the applications of thnse\\techniques for‘wh'lch
significant improvements ﬁave’ recently been madg/.‘

While some of the following discussion will deal with repeating

units of polysaccharides, most of the methodology described can be
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equally well applied to the investigation of oligosaccharide

structures.
2.1. Total Hydrolysis

The hydrolysis of a pol:vsa:éharide and the subsequent analysis of
the hydrolysis products {s* often performed q)a\inﬂ\iely. However, the
total hydrolysis of pulysncchar{des, -partlculurly those with resista‘nt
glycosidic Tinkages, is a more d@fﬂcu}g operation (77). Kydrochlbrlc.
sulfuric and trifluoroacetic acids ar; cbr;‘lnnnly used‘h‘\ hydrolysis and
are sufficient to completely hjdrn\);se a neutral polysaccharide into its
_monomeric sugar units. ' <

) Most of the constituent lon;xsaccharidns' released during the acidic
hydrolysis have traditionally been identified by paper chmtoqrapm'
and t.1.c. (78), but the qn-'Hntive and quantitative amalysis is “now

more usually performed by g.1.c. and g.1.c.-m.s. of suitable derivatives

(79, 80). The sugars are.usya!ly transformed into acetylated-alditols
or aldonitriles. S.tereoisnle;'s give similar mass sve‘ctra and when this
Infogauon is coupled with the é!ativé re_tantion times on g.1.c.
lde}lt|f|catjnn of the |m11v;ldual sugar is possible, with the exception
of the absolute configuration (79-83).

‘2.2. Methylation Analysis

Meth,v'laﬁon analysis, developed by Haworth ln‘d co-m;rker's, is still
the most important single method in structural carbohydrate chemistry.
It involves llé_thy'lution of all free hydroxyl groups in the polysaccha‘-
ride and hydrolysis. of. the methylated polysaccharide to a mixture of




28
paréia1ly methylated monosaccharides. The free hydroxyl-groups in these
mark the positions at which .the corresponding sugar res1ﬂ\u’e\:\uere
substituted in the polysaccharide. Qualitative and quantitative
analysis of this mixture therefore gives information on: how the
different sugars are linked.- It does not; however, g{ve"nfovmmc‘n on
the sequence or on the ariomeric configurations (81-83). Due to the
insol ui:thy n( high mn!ecu]ar: we;ght o-chain'ipw'(ympr in organic.
salvents, the method of Haworth (84], Purdfe (85) and Kin (86) required
several’ steps to. achievﬁ complete methylatiun whereas now the Hakamor4
. meth_v]atlon (37) achieves cump'lete methylation 1n Just one step. The
latter method consists of treating the polysaccharlde in °
dimethylsul foxide with the anion of sodium me';hy'ls'ul finyl methanide
and subsequently w(tb! methyl fodide (87). The Hakomori methylation,
unlike the Kihn and Purdie procedures, cannot be used ona '
polysaccharide containing alkali 1abﬂe substituents which should be
preserved. In the latter case, methy'latiun with methyl-* '
trmuoramethanesu!fanne in crfmethyl phosphate, using 2 6- di (t—
buty1)-pyridine as a proton scavenger is an elegant a1temat1‘ve (88).
The methylation analysis is based on the ability to fractionate and
characterize the partfally methylated monosaccharides generated by
hydrolysis of the fully methylated po1ysaqch§ride. This is most
conveniently accomplished by combined gas-Tiquid chromatography/mass
spectrometry of the methyl ether aldftdl acetates derivatives (81-83,
89).

The interpretation of the mass sqéctrp is usually a simple task.

Primary fragments 2A and 28 are -formed b} fission of ‘the carbon:chain-of
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component 1 containing vicinal methoxy]ated carhons the f|ss1nn between
these carbon atoms is preferred; either fragment may carry the positive
charge. When a methoxylated carbon has an acetoxylated ne1ghbour such
as structure 3, tendency to fission ‘between the methoxylated and

acetoxylated carbon although not as, great as between vicinical: methoxy-

Tated carbon, givés'significant pfimary {ons and the fraginent with the =

methoxyldted carbun 4 aluays carries the pos'tive charge (Scheme 1). ;
“In general if a residue contains . a methoxy group,; fragvlentatinn
between acetoxylated carbons hewmes 1nsigmf1cant. 5
The primary fragments give secondary fragments by single or’

consécutive ehm!nations of methanol ‘(m/z 32, acetic acid (m/z 60) and

Keténe.-(m/z 42), Eliminations of methanol, ketene and” acetic acid from

two primary fragments of m/z 161 (common in mass spectra of methyhted

sugars) are- illustrated in-Scheme 2.

'Avna'lys1s and structural-characterization of partially methylated alditol

acetates of amino s,ugar‘s~has been.thie subject of several investigations
(80, 90-53] For aldito] acetates derived from 2-acetamido-2-deoxy-
sugars 5 the pr1mary fragl\ent m/z 158 and the two secondary Fragnents
m/z 116°and m/z 98 predominate. Other fragments are, however, strong

- enough to identify the methylation pattérn (Scheme 3).

: Other modifications. of the methylation procedure such as the
intraductim; of deutérium at: C=1"in order to-obtain unsymgetrica"l‘

derivatives, dideuteration of C-6, trideuteriomethylation,
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. i
trideuter1oucety}at|nn, or ethylation give derivatives, the fragmen-
tation patterns of which are quite analogous to those discussed earlier
(82, %, 102). ;

" The reductive cleavage of the permethylated polysaccharide by boron

LA tr|f1uor11e. triethy'lsﬂane and trif‘luarnacetic acld to 2 mixture of
. anhydma‘ldito'ls, can be used to distinguish between 4-linked aldohiexo-
pyranose and 5 Tinked -aldohexofurandse re’sidues in po'ly‘sacchar{des. :

o Perlleﬁ\y]ated po'lysaccharides contalning these res|dues w111 give' only

nne partm\y methylated sugar. +2,3,6-tri-0-methyl hexose after normal

- acid hydrolysis. This mthqq can'also be applied to 4- and 5-1inked
aldopentose residues and to 5- and 6-1inked ketohexose residues (95).
"_ As .‘the methylation analysis has become so sﬁnple. *it 1s also used

o in connection'with different specific degradations of‘.po’lysaccnaride:s

performed ‘in order to. determine the.sequences of the sugar residues (96-98).

2.3.. Sequence Analysis

Many different deéradat{nn techniques are used for sequence

. énaiyﬂs‘_oﬁ polysaccharides.” There is no standard-method, and each

polysaccharide presents.its own problems. Among theoldest methods are
the pa,rt‘ia'l acid hydrolysis and-analysis of mé resulting oligosac-

= charides, the Smith degradation. and .the denﬁﬂnét'on of- the amino sugar
‘ resldueg. vThesa‘d!ffe‘reqt methods have been s;maﬂzed in-the litera-

4 ) tare (97).

2.3.1,. Partial Hydrolysis with Acid ! e

. Capon (100) has ‘comprehensively reviewed the-first order rate-
e cbnstargt for ‘the -acid cata‘!ysen hydrolysis of  the -glycosides -of. o
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monosaccharides; and several genera]izatlan‘s may be made:
a) - furanosides are more labile than pyranosides
b) - deoxy sugars. are more easily hydrolysed than hexoses

¢). - uronic acids are very resistant to hydrolysis

+d) - amino sugar’s are more resistant to fydrolysis than comon hexoses,

“diie to the inductive effect of the pmtonated amino group

. e) = pentupyranasides are- more labﬂe than nexnpyranosides

f) - o= g1ycns1d|c bonds are usua"y ‘more 1abi1e than 8- g!ycosidic
©“bonds” . 2

.ig) - residiles, present-as “Side chains" are oftén more easily hydrolysed

than when present as| "1n—chain resid&es. i
1t s therefore Togical that given a heteropa]ysaccmrlde, there
will be some glycosidic bn,ndsl,tl\a‘t are rehtive'ly resistant to acid

hydrolysi's and others that are comparatively susceptible. Therefore,

”»o'lysac:har(des containing 1inkages of either type will.tend to vroduce'

defined oligomeric subunits which can be iso'lvat'ed‘and identified. Con-

. siderably more structural information can be obtained. ifthe methylated

oligosaccharides derived fram addic‘ ﬁydm\ys(s of v‘permethyhmd poly-

saccharine are reduced and rea1ky1ated using tr1deuteriomethyl or, ethy1

"{odide. Thus the isolation. of the dlkylated disaccharide alditol 6

demonstrates: a) that the pcl)fsact:haride contains .the disaccharme unit

1) that _ the 'no'n-reduc(ng;gavlactosy‘l .group was 1inked “to the 3-

position in the polysaccharide; ¢) that the reducing residue was Furdno-

sidic; d) andthat both sugars wéré chain residues and not branching
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=y structurﬂ ana’lys\s of ; funga

residues (101) (Scheme 4). This latter technique has héen further
developed by Albersheim and his co-workers (102). .
AT alternative to partial acid hydrolysis is acetolysis (97, 103)
and the relative rates by which the different g{y:osldic 'H‘nkages are
cleaved differ for this and the previous method. Py‘ranasidic'(l»ﬁ)-

Tinkages are c]éqv'ed more readﬂy'than other types of pyranoéidic

. anages on aceto?ys1s. Acetcﬂysis has heen a valuable tool" in. i

-D <mannans and for the isolation of

u‘Hgosaccharides frnm egcoproteins derived from ovomycoid (104),-and

'has/a\so been 'suggested for use when N -acetylated amino sugars are

compunents of the pn'lynccharide (90)

The reJative rates of cleavage of different g1ycosidic Tinkages

se;\ to differ according w the.type of acidic 'hydrolysis and the

reaction conditions used. The se]ective cleavage of hexosam(nog'lycans

. from Pséudomonas aerwinosa 1|popc1ysacchar1de {105) by hydrogen

fluoride; yields efther ‘dlsacc‘ham‘de Bora trisaccharide 9, Vdepending

on the reactfon temperature used (Scheme 5).

s | .
2.3.2  Periodate Oxfdatfon and Smith Degradation

-Since the d(sﬁcﬁve{y by Malaprade (106) in 1928 that s;d!m meta-
periodate could c!‘eavg the cérhon-ca:rbnn bond between v(ciy\a] derdxy
groups in aqueaus sn'l'ution, pérlodate oxidation h;s remained a powerful
tool” for structural 1nvest1gatlpns in carhohydrate chemistry. .

g ups {e.g. 10) are oxid‘lzed

Substances containing vicinal hydro
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by perindate with the formation of carbonyl compounds as illustrated in -
-Scheme. 6; the simplest fragments being formaldehyde (R .and R = H). 1In
.the. special Casé of three contigudus hydroxy-groups,. formic acfd is also
formed, . 1 . ) 5 -
The product of perllndate,oxidatiun of' a pa'lyn‘ér is térmed a, -

"polyaldehyde" which, ‘when reduced with sodium borwdride;' y|eidsi a

")')o1yo1" This derived polyol. ‘can provMe considerabld hmmlatiun on. i

the or(qina] structu

& ‘Hydro'lysis of the PO o1 wHI c‘eav

11 q!y:us!dic anages except : i
: those of unoxidixed uronic ac1ds and am1no sugars. The! hydroiysis &
products can he éxamlned quaHtative'ly by paper chromatography or by '
3. l.c. (107). Thé .relative proportions of the surviv{ng sugar residues. -
and the fragments. obtalned from degraded sugars wm give 1nfurmatlon
reqarqu sore of :the glycosidic 1fnkages present i thg ‘polysaccha-
ride. . 2 : oy b .
Much mare lnfonnatlon on the structure of the pn'lysacchaﬁde is :

' ohta'ned by the Svn'lth degradation.. (108). ln this degradaﬂu the:

periodates oxidlzed pulysaccharida (polyaldehyde) Is‘ reduced with Imru

dnde to a po1yalcohol ‘followed by mild hydro1ys1s unh acid (usually
at room temperature) The - mod{fied sugars contain acych acetal’
Tinkages uhich are hydrnlysed (103 Jto 104 timus) faster than’ the

v hemiuceta! g1ycosidic hnkages of the intact sugar residues. cham

'terization of the: products, ul\ich mqy be elther ;:olymertc or 1w
mo]ecu]ar ue'ght glycosides nften giues cnns‘lderab]e structura]

1n€omatlun, The SmH:n degradat{nn of a galacto—g]ucan contain'ng
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~galactopyranosyl- D- zrythr' t.ol

13 .via the polyalcohol 12 (109) (Scheme 7)
The Mentiﬂcntion of substance 11 denonstrltes thlt m

structural element: 11, glw}es the Z-O-ﬁ

vpolysacch:rma connlns ga\ar.topyranusy! residues res|stant to",

peﬁudau oxidaunn (because. they are suhstituted in the c3 pusitioﬂ)
and that. thcu are aned tn 0-4- of the D-g1ucopyranosyl nsmues 3

'hydroxidu nyﬂrui»e or sndhm Ivyﬂrnxhie 1n-aqueous " diue_ I\y’lsu foxidn
E contaiMng thiophenol mo-ul) the polysnccmr!des niow cantaln{ng
1 starﬂng poim, for the nltrmls actd

“free -!m‘snglr ‘residues offer.a

A'dzainatlun. The most. cb—m 2-. alino-z-denxyalloses found in po’lysac-
char‘ldes and glycocoMugates are z-.iqo-z deaxy-l)—g'lucase and 2-amino-

;.. The deamina ofthese" or

their hexopynnosldes, Jn nMcI\ the ainn grnup |s equnnrhl]y oriented

113). The

5 'renrrang_euyen rasults from an utlck on the intemed!a diaxon!dn fon |

(which s

'd'{qusulnn). Thus. deamhuuon vf a Z-am(na-z-ﬂeaxy- -

i the’ lest stahh fnm, yie'lds 2 S-Innydrn-residues This reaction” hns '




38

_.5““'-- | o : :{*/\/7

cH.o‘ﬂ
l Z n* HO
CHOH
= 3 HO CH:0H ;
—CH
§ |
H on CH:OH
; a. 13
v L
e J Scheme. 7
&
i -
¥ -




39
with release of the aglycon (Scheme 8).
Similarly, Z-amina-Z-deoxv-g—galactoside yields Z,S—anhydrn—g-
talose. Studies have revealed that part of the deanination reaction of
2-amino-2-deoxy-D-glucoside 14 may also-take another course with

'

foﬁat1‘un of a 2-deoxy-2-C-formyl-D-ribo-hexosidgedL... This unexpected

"rearrangement, results. from the attack of - carbon ich is also trans
and antiparallel "to the dlazon(um‘ don (97, 98, 112,'113).

Aminosugar incorporated in a polysaccharide chain also reacts in
the same manner. The,0- speoiﬂc po'(ysaccharide from Shigella f'lexneri
po1ysaccharide variant Y, is composed of the tetrasiccharide repeaung
unit 18 (114). The N-deacetylatéd pc]ysaccn.ande was deaminh}ed by
treatment with nitrous acid yielding tetrasaccharide 19 as the main
product (Scheme 9).. Methylation analysis of rhe' reducéd utrasaccharide
showed that one of the 2-substituted asL-rhamngpyranosyl residues in the
original po]ysaccha{-ide had become the terminal non-reducihg u—L»
rhamnopyranosyl group in the tetrasacchar{de, proving. that the 2- -+

acetami do-; 2 denxy

g1ucose vas Tinked to 0-2 of this L—rhanmose. On -
treatment of tetrasaccharlde 19 with base the tfisaccharide Tinked to
0-3 of the 2, 5-annydrc mannose (produced from the deam'nation of the
anfno sugar residue) was reléased. Methylation analysis of trisaccha
ride alditol 20 provided the sequence of the three rhamnosyl résidue
in 18. . . ’
Deamination reactions have also béen applied to pnly;accnari'ﬂe
«containing other aminosugars, such as the polysaccharide from Vibrio

cholerae containing a polymer composed of (1+2) linked 4-amino-4,6-
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dideoxy-a-D-mannopynanosyl residues 21 (115): and polysaccharides

cantaining 2-ace 4-anino-2,4,6, trideoxy-D-galactopy v\
. restdues 22 (116, 117) (Scheme 10}. : 3 {
. The deamination ‘of 2-amino-2-deoxy aldopyranosides, having an

2

axially attachied amino grolp, affords compiicated mixtures. Thus the -t

5 ion.of 6-0-(2-~aming-2-deoxy ,—‘Q;mnnoi;yranosy])-Q—glucase 23

gave' tblg‘cnrres_punding B-glycoside 24, together with rearrangement
products, ‘possibly 2-deoxy-s -g—erythro«‘hexu—pynnasld-i—lﬂ oses (118,
' 119) (Scheme 11).

2.4, "Determination of Anomeric Configuration

In the past, deternination of the anomeric configuration of the
oligosaccharides obtained by graded hydrolysis was usually achieved by
efther enzymatic qethods (120) or by measuring tneir_opth:al rotations.

i More recently howe;er; nuclear magnetic resonance spectroscdpy spectra

of the bo’lysaccharide and fts degradation producté, as well as chromium

trioxide oxidation of the fully acetylated polysaccharide have been
added to- these techniques and are being used as powerful tools tg "

> - . i determine anomeric linkages.

2,41, Use of Proton and Carbon-13 Nuclear Magnetic Resonance

Spectroscopy

IH and 13C-h.m.r. spectroscopy has been exten';ively used and has
proven to be an extremely vaTuable non-destructive technique. Using the -
Fourfer transform method, it allows spectra of.the pol_vslcchaﬁides to'be

obtained from r'e'lative"ly small anounts of materfal. In ' mm.r. it is
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often sufficient to only determine the chemical shifts ¢ and the
coupling coy-stants 3.!"""1 of the anomeric protons. In general, the
anomeric slgna1ls having chemical shifts greater than 5 ppm correspond to
a-glycnsidi’c 'Hﬁkages (Hy, equatorial), and the anomeric:signals having
chén‘ncﬂ shifts -below 5 ppm to a:glycosidivc linkages (H,, axfal) (121).

Karplus (iz‘z) demonstrated that the values of the coupting
constant :“]HX My depgn& on the dihedral. angle ¢ formed by t;;e Tinkages
involved a; depicted in Scheme 12. *’ ’

In the 13C n.m.r, spectra similar but\vpposite effects are
observed. In the anomeric regfon between 85 and 110 ppm, the anomeric
cé‘r‘*bons involved in an a-glycosidic linkage resonate at chemical shifts
& smaller (higher field)-than those involved in g-glycosidic 1inkages
(Tower field). In effect, in proton toupled 13C-n.m.r. spectra,
coqpl!ng of -the type !3C-1H can be observed, the major factor governing

values of the coupling constant ‘.113 "being the hybridization
'Cl_LN 1

character -of the anomeric carbon atom. - In the D-glucose series for

example _(“g conformation), the a-anomer C -0 bond exhibits a more

pronounced double bond hybridization character (sp?) than that of the

g-anomer (anomeric effect). This effect results in the €,-05 bond

length being shorter for. the a-anomer and hence the coupling constant,

u is greater than that of .the g_anomer (123).

13€, -1H) : £

The coupling constant 1J has -considerable diagnostic value.

-H ;

In effect the 10 ~ T values obtained-for o~ and g-anomers are
3C, -1H,
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~ 170 Hz when H-1 is equatorial and ~ 160 Hz when H-1 is axial (124,
125). This general distinguishing feature {is attributable to the ‘fact
that the equatorial C, - H, bond of. the a-anomér has one trans and one
gauche {nteraction’(126).

The proton spin- 1attice r:laxat(on time (Tx) can have dlagnostic
value when: determining the natum of the a- and 8- glycosidic Tinkages.

In efféct, it has been shown' that’ in the' same magnetic envirnnment the 8-
K1 protons relax faster than.a ‘protons (127). :

Viiegenthart et al. have demonstrated that glycopeptide primary.
structure ‘can be completely evaluated from the chemical. shifts Snd the
coupling constants of the ‘anomeric. and H-2 protons, by recording the
IHen.m.r, at 500 MHZ in deuterium oxide’(128).

Two dimensional J-fesolved LH=r.m.r. spectroscopy has been shown
to be an efficient technique for resolving and assigning individual
mu1t1ple£s typically encountered in. the one-dimens!an spectra of cmlp‘ex
carbohydrates. " In effect, the anomeric multiplets that ‘are unresolved !
in the |;ng d{mensinna1 250 MHZ spectra of oligomannosidic glyc‘opevtides
can be separated and characéerised by tuo-d\inensional Jv-r'eso]ved -
n.n.r. spectroscopy (129).

Recent reviews dealing with the well defined }3C-n.m.r. spectro-
scopy of the carbohydrates and coverhxg the current Hterature provide a
wealth of information on the chemical and physicochell(ca'l pmpert'es of
the polysaccharide (assignments of signals, sequencing and confonmion) .
(130-136). : ®

Flnaﬂy. the 1H and Hc n.m.r. spectia give: aluabTe (nformatlon

on the presence or absence of pymvate acetals, of N- acem and O-acetyl




45

groups, 6-deoxy sugars and the deoxy functions carrying the amino group.

2.4,2. Chromium Trioxide Oxidation

o

Angyal and James have demonstrated that the fully a_cety'(ated 8-D-
isomer of " the aldopyranoside. 25 with an equatordally oriented/glycon is
oxidized by-chromium trioxide in acetic acid to’i-a\dmosnnate 26 (137).
The a-D- 1isomer 27 with ax1a11y or1entad aglycon:is mﬂy ux1dixed sluw]y

under the same -conditions {137) (Schéme 13)."

Lindberg and .co-workers have pointed out, hnwever. that successful
iﬁteruretation of: the result$ of the chromium trioxide oxidation
requires that the cpn_fomaﬁona! staMH‘ty of the chair form, having the

axially oriented aglycon, be large enoggh to ensure that the proportion

of the alternate fom is negligible (138, 139). For a-D-11nked pyrano-

sides and some of the' dideoxy-sugars (e.g.. 3,6 did arabino

hexoside, tyvelose), the energy difference: between the two chair forms
is.50 small that-the a-D-linked ngcos&de will also be oxidized (138-
139).- ‘It has recently. been confirmed that the a-linked glycosides of 3-
amhm-:!,S-dideox}-&-hexos’(des (}g,' conformation), having axially '
»or{ented aglycons, are resistant to. chiromium t;lorlde oxidation, whereas .
' tiwe B-é—'linlged ‘glycosides having the gluco configuration (1C, confarma-
tion-and the a-L-Tined glycogide having the talo Configuration (4C,
cﬁnfnm_at(on), where the aglycons are equatorially oriented, are readily
oxidized to the-corresponding. 5-aldulosonates (140).
Sugar analysis of the oxidation product of the fully acetylated

olige- or polysaccharides, using myo-fnositol hexa-acetate as an
v
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internal standard, reveals which sugar residues have been destroyed and

thus the anomeric configurations of the differént sugar residues, Ester

linkages formed during the oxidation can be cleaved during a subsequent
methylation and by comparing the metny‘iaﬂcn analysis of the Drigihﬂ
vo'lysacclia‘r‘de w_i tr, that of t‘he Qxiqlzed sample, the sequence of Ehe
residues may be defernined. For exmple, oxidation of. the acetylated
Hpnﬁn]ysaccharide from- Salmonel1a ken tucky i'.‘ev_/eaied thﬁt the vl-rhamnose
" and D-qall_ac!psevressdueg were §-|1nks An contrast to a-links for the D-
.mannose residues. On methylation ana'lys’v's of the oxidizeﬂ product,
comparable amounts of 2,‘3,‘,5-tetra-g~mthy1—g—mammse afl 3,4,6-tri-0-
methﬂ-g—mannose were obtafned: As the two g—mannose residues are the-
only a-1inked sugars in the chain, {t. was concluded that they are
adja:eng, as shown in the structure of the oiigcsaccharide repeating

unit 28 (141), *

a-Abep ’ 2Ac0-D-Glep™
1 ’ S
+ +
3 4

+4)-p-L-Rhap= (1 + 2)-a=D-Hanp= (1 + '2)-o-D-Manp-(1 + 3)-8-D-Galp(1 +

28

2.5. Confornation Analysis

In studies aimed at'a better understanding of the'biological

physical properties of a polysaccharide, determination of its structure
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is only t"e, first step; the next step should be the determination of its
conformation fn solution.
N Re‘cenﬂy. Lemieux et .al. have used simple hard-sphere
ca1tu1ations, with correction for the exo-anomeric effect, for ‘the
determination of ol igosacchar{de” conformations, ('142). They have aiso

* demonstrated, using high Field MH-n.m.r. studies’ that there is good' :

" correlition -between the calculated structures ‘and those actualiy present

in solutfon. ' The conformational .preferences of the diastereoisomeric g-
g—Ga'l-(l»’«l)-s.-g-Ga'lNAc-{l#S]-G-g-CN,-_D__—Gﬂ trisaccharide ' that binds
specifically to. the so-called anti I Ma ‘monocional ﬂnt|l;ody, were
established by YH-n.m.r. spectroscopy and rationalized by.computer
assisted molecular-modeling (143). Similarly, the conformation of the
bacterial palysaccharide from Haemophilus influenzae type e, composed.of
the disaccharide repeating unit 29 (144) has the conformation depicted
in Scheme 14. ) )
High resolution nuc'legr magnetic &sonan;e data ‘combined with hard-

sphere molecylar modeling (HSEA-calculations) b;as also permitted the

" study of the conformation of gentiobiose octaace‘tute in an organic

_ solvent (145).

Finally, knowledge of the resnnancé_s associated with specific
residues of a branched polysaccharide or oligosaccharide combined with
measurements of carbon-13 spin latﬂce_ relaxation times (T;) may also .
allow asstgnments of. !3C-n.m.r. resonances, as well as providing
considerable infoma;ion ‘on the position of residues in‘ braniched poly-

saccharides or the order of saccharides in olldamers (146, 147), apd
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hence pernits measurement of the molecular motion of that -polysac-
Charide. » 5

2.6. Immunochemical Methods

When an .antigen 4s 1Mé§m into an anlnl (e.q, a rabbi

{mmune syswn of mt organ!sm is stiluuted into produch\g mtihod(es

. to cuuntarlct the, "1nvad1ng anﬂgen. The bncuﬂal pnlysaccharides
E pruvlde A m:n saurce of mtigenic mitmal »-and since the,y ara nften : oo

r gaM _sms, che

. corresponding antisera -are al'so frequently. avaflabTe. Hénqe the cross

reaction of a pofysaccharlde of unknown or .uncertain chemical ‘s’trl_xcture X

with antibodies to a polysaccharide of known structure may yleld. fnfor-
mation “on both position arld"li"lhge of one or"ure of the sugars .
resldu‘es. Conversely, cross reactivity of a polysacchirMe of . known -
structure with antibodies to a po‘lysacchar(de of unknvm cmposlt(m and

T1inkage -y be mﬂly |nfamative.

Heidelberger (148) as' develuped nethods uti1izing ‘the precipita-

tion reactions of anﬂbody‘( precipitin) and: antigen.. Heidelberger

etal. :(m-lsx) have ‘exanined m cross reactions between approximately. ...

60 of the sero1og1cilly distinct capsuh, prysaccharidas“frm .
Klebsleﬁi types 180 and-antisera to some; selected. Pneumococcus

polysacchirldes. Tne degree of cross rnct!on, as mensured by the »

amount of. pracipmtinn, is an indicmnn ‘of tha degr:e of siuﬂarm of i
* the structure of ‘the plﬂyslcchuride used m elfcit - the 1mune serun for




Cruss reacuuns, when c!ear cut” 1nterpretat7un is possible,. :an

' y!e\ strucmral |nfomae|on tha cou1d

ke mnths-w obtain by: purely

X Escnmcnn spe ves have ‘been’

pu]ysacchar(nes of Sa\moﬂel‘ln an

eltensively studied \dth regard to their sero’(og ca1 cross reacuons. :

These react!ons have been used to create an elegant <l usslfication

schgwe for tncse uacterh] spec1es l152). =

2.7, Cnncl usion

The structural methads hr!efly discussed hereln represent‘

some of the principﬂ means used to eTucidate the. strucmre of a

s sacchande or. o'l 1gosaccharlde.

M thwgh these lnetl\nds are comp'(enentary, nune are, by themse]vas

e suﬂ‘tﬂent for thz comp’letc« e1 ucidaﬂon of the unknown mol ecme §

it s the conh1nathm of the resu'lts obta'lned hy these different methwds

wmch pennit entative postmaﬂon of the stru ture.




PART 'II

STRUbTURAL STUDIES ON THE LIPOPOLYSACCHARIDES
ISOLATED FROM BACTERIOPHAGE. SELECTED STRAINS OF
AEROMONAS HYDROPHILA
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INTROBUCTION

Aeramonas’ hydrophila is a graa‘n negative bacterium belonging to the
family Vibrionaceae, and is a.common {nhabitant of freshwater lakes and
streans (153-156) i
The microorganisms of the genus Aeromonas are of particular v
interest to the fisheries scientist, as ‘they are uide1y d(stributed .
partly -as saprophytes, and parﬂy as agents caus1ng disease ln fresh-
water fishes: 3 . " .
According to Shubert (157) and Bergez’ 's Manual -of Determinative
Bacteriology (158), three species are presently d{stinglnshe& in the
genus Aeromonas: A. hydrophila, A. punctata-and A. salmonicida.
These microorganisms were discovered almost simultaneously toward
the end of tj1e last ceniury under different circumstances. Sanarelli
< (159) fdentified A. hydrophila (ssp. hydrophila) as the agent causing an
aquatic bacterial infection of frogs. In numerous experiments involving
the artificial infection of fishes, amph{biang, reptiles, birds and
mavmla1s'; Sanarelli demonstrated its pathogenicity for both p'uikﬂul
thermic and homeothermic animals. '

The genis Aeromonas hydrophita was proposed by Kluyver and Van
Neil (160) to accommodate rod shaped motile (by means of polar flagella).
bacteria pussessing the general properties of the. enteric. group.

In the 7th edition of Berdey's Manua] of Determinative Bacteriol-
ogy Sniezko described three spec‘fes of Motﬂ! Aeromonas,

A. liquefaciens, Euncta taand A Mdrnghﬂa. ‘;he descrlvticn of these
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speéies was based on their pathogenicity and a few biochemical tests.
It is obvious that since the initial proposal of the genus Aeromonas,
the taxonomic cussmcatinn of the motile Ae‘romonas species has
presented a confusing picture, mainly due to the relatively minor bio-
chemical differences which have been found between strains.

The present position accepted by the Judicial Commission (B ergex‘
Manual of Determinative Bacteriology 1974) is that the motile aerumnnads'
consst of ‘two species, -viz. A, hydrophila and A. punctata, - the: former
With-three ‘subspecies, ‘and the Tatter. with twd. The major. change
reyresented by ‘this latest dlspositim of the svecies is that
A. liguefaciens has been ama’lgamated with A hxdroghﬂa and no longer
exists as either a separate species or subspecies.

On the basis of computer analysis of 203 biochemical characters

for 68 motile Aeromonas, Popoff and Véron (161) have proposed the

retention of the species A. hydrophila-(biovars hydrophila and anaero-

genes) and the intr‘u‘ductwn of a new species of A. sobria.
BIOLOGICAL ACTIVITIES OF AEROMONAS HYDROPHILA

Motile members of the_ genué Ae’vjomonas are ubiquitous in fresh
water and are- known to caiase haemorrhagic septicemia in both warm- and
cold-water fishes (152). They are genera“y regarded as opportun1st{c
pathogens causing dwsease in stressed fish or as secundary invaders in
injured ones.

Little attention has been given 'to the involvement of Aeromonas

hydrophila, as a cause of human infegtions.  This may stem from the
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frequency with which the organism has been incorrectly identified as
another species and from the organism's reputation for low virulence;
this has led clinicians to suspect that it is not contpibuting to
disease even when ft has been correctly identified. 3“‘

Reports from around the world nf this organism' s involvement in

‘ 1nfectlons in humans are becoming Mcreasingly more frequent however,

and it appears that this organism may “have vmch greater cllnica!
1mportance than was previously suspected.

It has been Ysolated in pure culture from both focal and systemic
infections of varying severity, and cén act in cnnc_e_rt with other

organisms. It has also been isolated from stéo'l, urine and sputum

samples without ascertainable pathogenicity, which suggésts tha’t it can -

be a constituent of normal human flora (163).

A. hydrophila has for some time been recognized as an
opportunistic pathogen in hosts with impaired local or general .defence
mechanisns. However, reports of acute diarrheal disease caused by this
urganisﬁ in apparenn;v healthy individuals are increasing in frequency.
Compromised hosts are especially 1ikely to incur progressive or even
fatal infections (163- 166) ¥

Studies canducted “on the serological {dentigy of members of the
Aeromonas zdrnghﬂ group of bacterlu have indicated an extraordinary
amount oF heterogeneity (167). Recent investigations by traditional

biochemical reactions (‘I’SX), and by analysis oé"t[‘COmposition of the
core uﬁigosaccharide of the cell-surface 1ipopolysaccharide (47) have
f

indicated three major sub-groups.
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Interest in the structures and fmmunological properties of the
cell surface po\ysaccharldes of the dlfferent chemotypes of this gram-
negmve bacter1um has increased, and little is present’ly known of the
biochemical basis of pathogenicity of these spec'es.

The detailed core structure of Aeromonas hydrophila Chemotype IfI
has recently been reported (48), This thesis presents the results of
“structural studies cur;‘iéd out on two distinct regioné of the lipopoly=

saccharide (sen'\i rough p », ide, and ‘core ol ide)
1solated from Aermnonas I\[drnghﬂ a strain A6, as well as on the core
oligosaccharide from two phage ‘selected mutants (A hy zdroghﬂ& strain
A6a and ‘A6b) of the original ‘strain A6. These two mutants were {sol atgd
(from the same plate culture) as two mrphuloglcaﬂy\d”feren‘t clones.
The first one (Strain A6a) when cu1t$vgted in presence of phage, was
unable to reproduce and was referred ‘to as phage sens‘itive. conversely
strain A6b grew when‘infected by the same phage and was rgfei-red to as
phage resistant.

From these  ohservations, it was of interest to look at the precise
molecular structure of ‘the outermost H‘popolysaccharide layer, whichis
usually the receptor site for bacteriophages:(12, 16, Zol.anu may
contain ‘the ‘fnmuncdeterminant sugar residue of these three gemetically
related species. -Effort has been particularly concentrated on the core - %

oligosaccharides from two of them'(Stréin A6 “and Strain A6b), and the "

exact differences in these two molecules.
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~ EXPERIMENTAL

1. BACTERIAL CULTURE e

K. hydrophila strains were supplied by Dr. H. M. Atkinson, the
_South Australia_Schonl of vTecmmlogy‘ A hzdrogh'ﬂa strain A6
(1solated from_human feces) is the original strain from which two
morphotogically different clones were se1ecied from plate culture; one
aF.these (straiﬁ A6a) is ;en:sit1ve to phage (not.able to grow when
infected by the phage), the other (stfa‘in A6b) 1s resistant (ab]e‘ to
grn‘w) when infected by the same phag‘e.:_ These stra:n; were added‘ to the
collection of the Northwest Atlantic Fisheries Centre, St. John's as SJ-
55 (original), SJ-47 (phage sensitive), and $J-48 (phage resistant).
Yhe‘urg;nisms were initially plated on Trypticase Soy Agar (Baltimore
Biological Laboratory) to check purity and colanm morphology. Sgg::k .
cultures were grown in Trypticase Soy Broth without dextrose, d1v'f‘t?éd'
into 1 ml aliquots, made 15% with respect tcngycero\, and frozen.and
;tuv;ed at 80°C, The protocol’ for medium scale culture of the bacteria
was generally fdentical for each strain. Trypticase Soy-Broth (100 m1)
was inoculatéd with the contents of a frozen vial, grown for 2% h at
room temperature with reciprocating shaking, and used as the {noculum
for 1 litre of the same medium. The 11 cult-ure grown for 18 h at 25°C
(with aeration) was subsequently used as the inoculum for a 24 1 batch
grown in a commercial ‘fermentor 25 1 New Brupswick Scientific Co.): for :

26 h at 25°C with an air flow of 4 1/min and no control of pH.
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The culture was killed by adding formaldehyde to a final concentration

“of 0.3% and stirring for 18 h. The cells were collected by continuous

centrifugation (Sorvall RC-28 high-speed centrifuge) and freeze-dried;

cells were not washed.
2. GENERAL METHODS
2.1 Chrnmatograph'lc Methods

Analytical paper-chromatography was performed on Whatman No. 1

paper, and Whatman No. 3 MM was dsed for preparative purposes, using the

following solvent systems§ (A) Freshly: preparéd 8:2:2: (v/v) ethyl
‘acetate/pyridine/ water, (B) 4:1:5 (v/v) 1-hutano1/eihanol/water (top

layer), and (C) 10:4:3 (v/v) ethy] acetate/pyridine/water. Chromato-

grams were developed with alkaline silver pitrate (168) or aniline

phthalate spray readents (169). )

High voltage paper-electrophoresis was conduc‘ted for 90 min in a
Shandon flat bed, high v;ﬂbage €électrophoresis apparatus; using a buffer
of 5:2:43 (v/v) pyridine/acetic acid/water, at pH 5’.4. 2 kv and 170 mA.
The aminosugars or uminosl!gar édntajgjr‘bg'd!saccharides were detected by
spraying with n|nhydrln or by using the alkaline sﬂ‘ver nitrate
reagent. Mobilities (MGIcN) Fre expressed relative to glucosamine. ' The
amfnosugars or disaccharides were e1uted fru- the paper eléctropherogram
with 0.05% HC1.

Thin layer chromatography was carried out on precoated 'ceHu'Iuse

(100 ym) plates (E. Merck, Darmstadt) with a solvent system (D) of
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5:5:1:3 (v/v), ethy) acetate/pyridine/acetic acid/ water in an atmos-
phere saturated with 40:11:6 (v/v) ethy] acetate/pyridine/water (170)
Gas liquid chromatography of the acetylated alditols and partially
methylated alditol ace"tates, was performed on packed columns (183 mm x

“-2mt i.d.) of 1.5% Silar 7CP on Gas Chrom Q (100-120 mesh) in a Perkin

Elmer model 3920 gas chromatograph or a Hewlett Packard Model l02 gas

,chrmaiogrﬂph fitted wnh’an hydrogen flame detector and a model 3380A

electronic 1ntegr;tdr; Température profiles varied as follows according

.to. the type of derivative being analysed; profile A ﬁ)l“ p_artia'n'y i

methylated alditol acetates, isothermal at 180°C; pref{!e B fur

alditols acetates, ‘fsothermal at 210°C and profile C for derivatized

oligosaccharide, with a temperature program starting ut'léﬂ'c for 32

- min then increasing to 270°C at 8°/min (held for 45 min). Gas chroma-

tography was also performed on 2 25 m W.C.0.T. CP-Si15 (0.25;.‘ film
thickness) capillary colugn (Chrompack, The Netherlands) at 190° for
methylated acetylated alditols (171). 7 .
Qndvined gas chromatography-mass spectrometry was performed on a
Hewlett Packiird model 5981A GC/MS controlled by a 5934A data system,
with a membrane separawr,»-‘a "sclirce wlperaiure of 160° and jonizing
voltage of 70 e.v. The gas chromatographic conditions (profiles A,~8,

and C) described above were used.

Ge!‘l'perm‘aﬂon» chromatography was carried out using columns (1.5 x -

9% cm) of Sephadex G-15 or G-50 using 47 mM pyridinfum acetate buffer,
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v,
pH 4.26 as eluant. Elution of the components was monitored with a 4
differential refractive index monitor (Waters Associates Model R403).
The fractfons were collected and freeze dried. Optical rotations were

measured at 23°C in water in a 10-cm microtube using a Perkin-Elmer

node 141 polarimeter.
2.2.° Nuc'lg‘ar Magnetic Resnngﬁce
2.2,1, H-n.m.r. Spectroscopy

B Oligosaccharides were repeatedly treated with D,0 (99.5!), “with.
: Tyophilization between jtreatments and finally ‘dissolved in D,0 (99.99%). .

The 80, 100 and 250 MHz spectra were recorded-at 85°C in the pulse
Fourier Transform mode on a Bruker 80 Miz, Bruker 100 Miz and Cameca ;50
S MHz spectrometers respectively. In .the 100 MMzIand 250 MHz spectra the
HOD signal was suppressed. by selective saturation using an inversion
recovery pulse sequence of T, measurement (T-180°--90°-FID; i which &
180° pulse was applied followed by a 90° pulse after a ¢ time ='0.7 T,
. solvent) (172) which allowed zero maghetization for the solvent.péak.
; ' Hence it became poss?bje to eliminate the HOD solvent peak by tak‘lng»
udvantucje of the tﬂffgrence of relaxation speed between the pr‘otons of
the studied sample and the protons of the’solvent. Chemical shifts: (s,
ppm) are measured with respect’ to internal acetone (§ = 2.225 ppm) and

u expressed relatiy® to sodfum 2,2-dimethy]-2-s11apentane-5-sul fonate
i {ad

- (DSS) as external standard.

C AN
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2.2.2. 13C-n

Spectroscopy

The spectra were recorded at ambient temperature in 80% D,0 at
20.12 and 62.86 MHz in the pulse Fourier Transform mode on a BRUKER 80
MHz ‘spectroneter and CAMECK 250 Mz respectively. The chemical shifts
quoted (8) in ppm are expressed relative to internal acetone (5 = 31.07
ppm ‘from DSS) on spectra recorded with complete de:oupli,ng. Cuupﬂng
cnnsnnts ‘:&' are expressed in Hertz and were me:sured by the gated-.
decnup1!nd"&chnique. This: technique consists, of proton irradiation
duing a given timé (1.6 sec was used) (taking advantag‘e‘af the. nuclear
Overhauser effect) followed by switching off the irradiation during the
acquisition time which permits observation of the Nc 4 coupling

The selective, 0 , double irradiation spectra
were obtained by application of a.continuous wave of fixed frequency and
with a weak field of ~ 0.1.Gauss (173).

3. PURIFICATION OF THE LIPOPOLYSACCHARIDE

The freeze dried cells were extracted by the phenol-water
method of Westphal and Jann (22) with two wash cyclés of the phenol
l‘ayer. The combined aqueous layers were dialysed against tap water

for 48 h and the dialysate was centrifuged at 5000 xg for 20 min to

“remove cellular and precipitated debris, prior to ultracentrifugation

of the clear supernatant ét 105,000 xg for 3 h. .The resulting gel
was redissolved in water, recentrifuged at 105,000 xé (twice), and

freeze dried to give (usually) a purified 1ipopolysaccharide free
a




62
from ribonuclefc acid.” In the event that ribonucleic acid was still
present, further centrifugation was carried out until a hydrolysate of

the freeze-dried gel produced essentially no ribose.
4. lsOLATlON OF THE CORE OLIGOSACCHARIDE

The pure Hp_npo!ysqcch_aride (100 mg) .was hydrulyiéd with dilute

acetic-acid (1%). for 90 minutes af 100%. . The released carbohydiate
porﬂyn'remaing‘d in" solution, while the pre;ipitafc'ed"lipid A was -removed
by centr fugatfon (5000, rpn, 30 win). The obtained superndtint vas
freeze dried, redlssoWed in1m of pyridiniumrac;state buffer 147 nﬂ,v

PH 4.26) and recentrifuged to remove remaining traces of ‘the lipid‘A.

The resulting supernatant was fractionated on a column of Sephadex G6-50
and afforded several components. The core ol igosaccharide was defined
as the peak immediately preceedi‘ng.the salt peak eluting t;etwaen Kav
values at-b_.& and 0.7 with Kav = (Ve—Vo)ﬁrvn), where Ve is the
elution volume of the specif_ic material, Vo is the void volume of the *
system and Vt is the tptal volume of the system.. In tlgls study the

fraction assoclated with such peaks were pooled.and freeze dried.
5. METHODS OF QUANTITATIVE ANALYSIS

Protein was assayed according to the Lowry method (174),
phosphorus by the method of Chen et al. (175), neutral glycoses by the
phenot-sulfuric acid method (176), uronic acids by the carbazole method

(177) and aminosugars by the Rondle-Morgan and Strominger assays (lfﬂ,

179) ‘(after hydrolysis with. 3.9 M HC1 for 12 b at 100°): “‘[hey were also
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quantifled by anfno actd analysis using a Durun D-500 model analyzer,
stepwise elution was done with a citrate bu}fer ranging in molarity fram‘
0.2 to 0.38 M and in pH from 3.8 to 4.25. 3-Deoxy-D-manno-2-octulosonic
acid (kDo) was determined by the thlcharbnurate (180) and d{phenylamine

(181) assays.
6. “YDROI.VS[S OF 'mE CORE ﬂ.lGOSICCHIMDE AND' SUGAR: ANALYSIS

Faf*neutm glycase analysﬂs, the core oligosaccharide (1.mg). 'was.

hydro'lysed
10 hat 100' vfallowed by neiitral zatfon ‘and .concenration. The'
1iberated monosuccnarides were converted into “aldi tol acetates (182) by
reduction and acetylation .and were identified by g.].c.‘ and g.1.C.-m.s.
using fnositol as an internal standard for the quantitative analysis.
For the anmalysis of Z—amina-Z-deoxy—g—‘glucnse, the samplev (1 mg) was
“hydrolysed for 10 h at 100° with 4 hydrochloric acid followed by g.1.c.
analysis (profile B).as alditol acetate derivative ‘(183).‘ The amino-
glycoge from the core oligosaccharide was isolated l;y préparath}e paper
chrumatog;*aphy (solvent B), giving a.single ninhydrin positive spot with
Rgycy 1-00 and [u]éi +63° (¢, 0.3, in wm‘ar).v Aftgr reducﬂ_onv (Na\I;E;\i
and acetylation 1t gave on g.1.c. (profile B a single peik with
TG]c 6.01, corresponding in retention time with authentic 1,3,4.5,5-

penta-0-acetyl-2 c 2-de 'N ; glucitol. It wis further
characterized by ninhydrfn deg_radation J184) car'rfed out- as foTlows_:
the isolated. anineglycose hydrochloride was oxidized by a 2% ‘aqueous g,
ninhydrin solution for 30 min at 100°C and gave after paper B

theed ther, 24 triﬂuuroncetlc acid or 0.5 su1 fur1c acid: for' .
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chromatagraphy (solvent C) a positive Trevelyan spot 1,00. The

. Yra 190
ox{dized ‘product, after reduction (NaBH,) and acetylation afforded
Arabinitol pentaa:etate which, on g.1.c. (profile B), corresponded in
retention time. ”Glc 0.31) to an-authentic derivative. _The neutra1 -~

sugars obtained after achﬂc nydro‘lysis (TFA 2M .8h,. 100°) ‘were also

isolated and rized by paper romatogra p.\, (so!vent A) and thelr

optical mtations uere recorded: D-glucose [n]S:‘ +43% (5 0.01 in

'water), D-ga'lactose [ulsa +-80° (c;:0.5, in wa‘ter). }

The Ident!ty nf L—glytero
werd estab]ished by experimenm comparlson of “their g.1.c.

time and mass spectrum with thnt “of authenﬂc samp'les.

manno-heptose was’ isolated (rm SJ-#@ core olignsaccharide) by paper:
v chromatography (solvent B) It had [5]23 +! 13 9°* (n: 0.5, 1n water)
(185).

" 7. METHYLATION ANALYSIS®

‘ A émvounds were 'nsgthylatgd by ‘the method of Hakoinor( (87) as

fnllo;rs' s The uH'gos‘accharMé (-'vlmg) ;Tas'biaced in.a.small serum’ vial .
contalning a sﬂrrer bar and fitted w(tn mbber serum. cap, amt was.
. d{sstﬂved in.0. 5 ml nf dry: and distﬂled dimeth_yl sulfoxide. The: ﬂask
and. contents were flushed with dry n'trogen, and methyl-sulfinyl anian

(0.5 ml of a2 M solution) was added- the rencﬁon proceeded wlth B

stlrring for’ apprnximately 3 hour's.” ‘Methyl 1odide 1 nﬂ) was then added

whﬂe the reacﬁon was keﬁt at “4°C: 1n an’ 1ce hath for’ 4 h. -The methy-
'Iated ol (gosaccharide was then puriﬁed by passage of the reuctnnts s
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through a small column of 'Sepnndex' LH-20 suspended’ in’ 'cmornfqrm

" The pur(ﬂed permethylated

foﬂof«ed by e1ut?on with the same solvent,
o'l{gusaccharide was, then mdmlysed wH:h ZM tr1fluoroaceﬂc acid (loh,

100°)

This degraded o'ligosac:harlde was, sub:]ectew to sugar ind ethv]ation

analysis. The permethy'lated product as hydrn]ysed uitn M tr'}ﬂuo



The polyol was purified by ‘column chromatography on Sephadex: G-15 and
A~r|.a1ysed for the component sugars.

10, SMITH DEGRADATION ilF THE CORE OLIGOSACCHARIDE
i .t

e . R The polyol (20 mg), obtained from the periodate ox(décinn of the -

" core n14§osacch$r!de. was hydrolysed-with 1% acetic acid for 3 h at
. 100°C (108). After evaporatjgm’-of the 9£id, the res‘]due'was borohydride

i : reduced and purified by column’ chromatography on Sephadex G-15..: The
.pure Smim degraded product was methyhted followed by hydrolys's,

‘reductlnn, acetylatfon and g.1.c. -m.s. ana1ysis.

11. NITROUS ACII) DEAMINATION OF THE CORE OLIGOSACCHARIDE o

- The core oligosaccharide (10 mg) in water (1 ml) was treated with

i - ' 30% acetic. ac1d {1 m9 and fresn 5% sodfum nitrite solution (1 m\)

(187), it wns kept ac Foom temperature for-60 min, prior t& pas§uge

@ ¥ t‘hrough a co'lumn of Rexyq 101 {H¥). _ The deaminated oifgosaccharide ¥

was reduced ‘with. sodium ppiohydrlde, neutralized with acetic acid and

then purified by chromatmjrSph,y on Sephadex G-15. : The purified
deamlnated o'l'gosacchar'de was. methylated, hydrolysed and ana'lysed by

X ‘g.licoomis. as parﬂaﬂy wetny\abed alditol acetates. B i

12. HYDRULYSIS OF THK}CORE BL]GDSACCNARKDE WITH 2M IIVDRUCHLORIC ACID .

The core nngnsaccharlde (30 mg) was hydro]ysed w(tn

hydroch'loric acid for 1 h at 100°, foﬂnwed by: evapnratiou
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acetate buffet (pH 5.3). It afforded a fraction that had M, . = 0.6, '

TeN
which was regovered (by elution with 0.05% HC1) from the E]throphero—
gram. The disac’charide was subjected to acetylation, fnl]owed by
methylation, hydrolysis, reduction, acetylation and g.1. oS
analysis. The isa'lated disaccharide was alse subfected to .2 nitrous
acid deamingtinn, f,u]'lnwed tg hornhydr!)du reduction; acety]ation and L&
’ k

. ) B % . \

13. " OXIDATION ITH CHROMIUM TK'IDXIDE
The core 0ligosaccharide (20ng) wag dissolved in dihethyl-

fnmnma:(l ‘m\) and acetic anhydride (1 ml) and pyridine (1 ml) were

added (139). Thé solution was sthsed for 16 h at room temperature and

* extracted with chloroform. The residue was reucétyl‘ated in a mixture of

(1:1) acetic.annydr'de/pyrigine (1h, 100*)). to afford a peracetylated
product. " The ‘res'ldue was dfssolved in chloroform, myo-fnositol @
hexaacetate (2 mg) was added’as intérnal standard, and the solution was
div'ldeq into two; parts vand e!aporated. ‘A wrt uas dissolved in-glacial
acetic acid"(2 m1) and powdered chromium trioxide (40 mg) was added' the
mixture was then agitated ultrasonical 'Iy for 3 hat 53 C, poured into
water, extracted with chlurorom (10 m1) the . extract washed twice with.
water gnd evapora_ted to dryness. The', oxidized core and the remaining,
nrigin’ﬂ qnqxidized mate:r‘lﬂ,’uvere subljected to analysis for the' 7
i;d{viduaI‘sugars\ The oxidized prndu:t‘ was a1su hyefhy1ated h,ydro\ysed .
with. 2 tri fluoroacetic ac(d for 10 h at 100°, ireduced, ace(ylated and C

anﬂysed by 91 c. and” g. \oMis.
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RESULTS AND DISCUSSION
\

1. STRUCTURAL INVESTIGATIONS.ON THE' CDRE ('I.IGOSACCNAIIBE OF AEROMONAS =
HYBRUI’HXLI smxu SJ—“

N

1.1. Isolation and cnemical 'Ana]js_is'fn‘ﬁme Core Ongusauhande

‘The Hpopn1ysacchar1de (1ps) wus 1so1ated hy the aqueuus phenol

method of Westphal and Jann (22). Anulyt!cﬂ studies on the lps g

‘and

. . i il
protein in the amnunts indicated In TaMe L.« The core oligosaccharide
was_obtained by mild nydro1ys1s of the 1|papo1ysacchar1de wfthwcenc
ucld and pqrmed by chromatography on'a column of Sephadéx G~50." As

with the 11popolysaccharide of Aéromonas-hydrophila Chemotype -1 (48),

" the core. oligosaccharide of this strain (S1:48) is the ﬁih'toﬁstﬁugnt .

of ‘the pnlysaccharld& partion of the 'Ips. The "purified core ’, g % ¢

ol{gnsacchar[de was -a'white, water-soluble powder that. had [u]“ + 85'

fc 0.85, uuter) and was essentfally free- from nuc1e~Ic acid.:

conventianal analys!s of ﬂmﬁre quusaccharlde Indicated that

es .of D-g'lucose, L g1ycero— manno-

the hydm]ysate estamsned ‘that the g\uccse and, 2- mlno—z deoxy—g]ucose

residues hm the D cnnfigu' FI‘ i Tﬁ: z-ammn-z-nem-gmcose was al 50

Thg 3

'1denclty af L-g!ycer

cnmpar(son




Table I: Analytical assays-on $J-48 1ps, core and Lipid A

©dociA®  Tphosphorusd HexosamineS  Pproteind g
; ) L e E P

2 pr

Foaind ond 10,7 20 4

()«
S48 Lipid A {nd) i

72, 128 62 L7

1006 1127 nd . it A

+' . higbarbituric acid and diphenylamine assays.(181). “PChen’et al.

ns‘sny (175).  “Rondle Morgan (A). (178); Sfmmi‘ngevt assay (B) (179). -~

and Amino Acid Analyser (C).- dLowr‘_y assay (174). nd: not

" determined. O .

o sy A 2
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n
of its g.l.cn. reteéntion tine and mass spectrum with. that of an authentic
;avlg. together with fts optical rotation .(155). Analytical studies on
the core oligosaccharide findicated that it did not contain fatty acid,
2-aminoethanol, protein, or 3-deoxy-£__l-mnnn—2—octulosomc ac@' (do;:u)

as indicated in Table I. .Although small amounts of phosphorus were
present, ‘they were not present’ in vwantitles which would suggest even a'

close s;:nichtmgric rel ationship. % n
B ), S B o . \
3 , ¢ s \ z
1.2, ' Nuclear Magnetic Resongnce

1.2.1. 1I+-|;.m.r. . \\_"‘

The 'lu-n.n.r. spectrum)of u;e core ngosacq;nrMe showed, inter
alla, five signals n the mderic redfon ndicating:in o-configuration
(3., < 23 H) at 5.68 (1), .53 (1H), 5.83 (14) and 5.34 (24) ppm, -
and one signal at 4.61 usz (.l‘_2 ~ BHz) -indicating a B8 configura-

tion (188). There were no signals for pyruvate,’acetate or methyl

protons of deoxy sugars (Fig. 1).. These results suggested a core oligo-

sacchnr‘lde made\up of) glycnse units; aresult; uMch would indicate

that one residue was not lccuunted for by the :naﬂcal anﬂysls.

L2zt :
" “The 43¢,

a'Ha, five anomeric s1gnnls resenmng at, §:

or spectnln of 3he core alZgoslccharlde showed, inter
03 10, 102,50, 100.47, i




% ‘

. ]
¥ R E— R e T
i Fig.l. H-n.m.r. spedtrum of the original core from strain
SJ-48. L =




73

8y analogy with oligosaccharide models and by selective, hetero-

nuclear double irradiation the signal at 103.10 ppm was assigred to the
D-glucosy) unit; fts 13, , value (~ 160 Hz) cbtained by the gated
decoupling technique Suggested that it had a g configuration. Due.to

v the Jack of repurled c}uuica'l shifts for L-g'lycero—'ll nnn-heptuse, no

~ attempt ms b?n made. to assign the ancmeric signa‘ls between 102.5- and

106.5 ppm, bit their g i coupﬂng valies e between 170.0 and 170.4
s
Hz, suggesting a unmeric conﬁgurations (123). . 3 .

<. The chemical shifts at 61,60 and 61.95 ppm l:orr!spand to the non- )

B 2 “'Ilnked C-6 atom of the ‘primary hydroxyméthyl’ group of D-glucose and 2-

‘ ; 4 am|n072-ﬁeok'y—= glicose. The chemical shift at 54.95 corresponds to ‘the
. €-2 carbon of the 2-amino-2-deoxy-D-glucose (Fig. 2).

The 13C-n.m.r. spectrum further confirms the !H-n.m.r. postuh(fe
that the core oligusac:haride contains 6 g'lycnse units,
‘-' Al 13, Methylatipn mnalysis f

: ; s : N
) Methylation of ‘the coré oligosaccharide by. the Hakomor! method . . . ...
(87), followed: V‘&dnﬂys{; with ﬂ-trifluorna:etic_acj‘d,'-r‘edul‘:tion,: e
. and derivati ' 2,34

fon, as u1d|fo\ acetates, affo‘r‘ded 2,3,4,6, -tetra-0-:

mgth&!g]utos 3,A 6, V—penta—ﬂ-lethylheptos! 3,4, 6 7. tetra—o-

vﬁeththéptose, ‘and 2,7-d -methy\heptose in apprnximate1y equimrﬂar

vmportians (see Table Il! A) 1dentmed ‘by g.1.c.-ms. 181-83, 171).

The presence nhaz 7=di-{ gmethy\hepm&g is attrlbuuble Y.o 2
ot

“doublé brinch paint‘ and: mat ‘of 2,3, ti tetra—O»methﬂ g1ucose and

"
ptose,: t8.. two nonr u .ng, terllinﬂ gruups. BT 0

,2345“*_
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5
The 3,4,6,7-tetra-0-me thylheptose is assigned to a residue Tinked
throu?n 0-2. It should be noted that the relationship of branch points
being equal to end groups minus one does not hold in the above methyl-
ation analysis, indicating that one end group is unaccounted for.

It s c'lear from the stoichiometric composition of the hydrolysis .

products of the methyl ated core oligosaccharide that, in fact, two.

g'lycose res!dues (nne of which mst be a Z-anino-bdeoxy
unn) are:.unaccounted for. one of them presuuahly beh\g the niss1ng non- . '
redicing um‘lnn group. This abserv@ appears tn suggest that these
two residues were glycosidically Tinked by a linkage resistant to the
hydrolysis condi;lons used. - When gas-liquid chromatography of t!_u
partially. methylated aldftol acetates ws conducted urder: progranned

“temperature conditions (profile C), a slow moving component 1 was

observed whose identity wis estabiished by mass spectrometry as 1,5-di-
0-scety1:6-0- or 1,5-d1-0-acetyl-T-0-[2-deoxy-3;4,6-tri-0-methyl 2-(k~"
methyl dcetanido)-D-glucopyranosyl - tetra-O-methyl-L-glycer

* heptitol 1. The:structure of 1 was confirmed by {nterpretation of the

fragmention pattern which gave pr(nr_y 1ons at m/z 260 (for me
mnreduclng 2-amino-2- deoxy glucosyl ‘group) and m/z 335 (fm- the 9

__heptitol ‘residuef, together with lla_j‘qr slcondlry ions at mlz»ZZa (260-

32), 205, 196 (228-32), 161, 154 (196-32), 142, 129, 117, 101,88, 87,

45 and 43 (sée, Fig. 3)." The presence of the fons dt Wz 205; 161 and _
117, fndicates that the lirkage of the ‘anfnosugar.to the heptose must be

< “through position 6- or 7- of ‘the heptose residie as indicated in the
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b_mn‘let‘y, subsequen

: Ecid deanination, i;erio'date and” Smith d_g‘gra‘dgt‘i‘on. prtial hydrolysis, " 2

77 @
P

following structure 1: -

0-G1cpN(1 » 6 or 7)-Li-Hepp-o] 3
) 1

ln order to estalﬂ!sh the sequence and Anomeric configuratioﬂ of

| the glycnsidic ana*ges of “the “strgar: unﬁ:s of .the core oliqosac:nari |, SR

and to r'ruburahg the exi stence of thr.- 2 nmlna z-denxy- glucosyl

3\ jork nas d(rectea bowards the cnaracteriation of tM‘V .
o\1§osaccharides‘ obtained after specific degraqa,ﬁnnsv such as- nitrous

and chronfum’ trioxide oxidation.. e b

L4, Mitrous Acid Deumh@tinn of the Core migosaccharide o T ¢

m core quosacchav‘ide was treated with nitrnus actd fn'llowed by i he

reduction with sodiun borohydride (187) <. The" 2, S-anl\ydr finftol

residue released was acetylated ‘and’ the . est!r 1dent(ﬂed by- g-1.e. and - ¢

g.1.c by comparlgan:mth an’ .xut[lenﬂc sample.’ Thq resulting <=

deamnated” core. ol 1gosaccharids” was puri Fied by chrona tography’on

seph’aﬁex G-15. Suéarranu1ys(s of - this prnduét'g D-glucose " and

avlno-heptnse in the mol ar r*at{ns ~1:4, Sugar analysis

glycern-l]-




78 - S A

residues of the core o’l(gosacchiride and -also confirm the previous

nas.r.-data (f.e. a total of § sugars residues).
s The “c-n mits-(Fig. 4) of the ba-imud core. ollgosaccharld: %
N shwed Anter am, four: anomer{c siguls at ¢ 103.4, 102.8, 10026 apd .

1005 (douhle s!gnﬂ) ppm. lnugraﬂng far five lno-ertt carbon- atus

—Bycmpnrlng tMs ‘3(:- .n.r. spectnl with ‘that uf the nriginﬂ r.ore, ﬂ

is evldu\t that zmz resuue has been 1ost. ln fact, ne mtfce r.ho

pearance of - the signﬂs at 6 ppm (c-6 hwh\g the, prinayy hydvnxy’l

(gmup) ann 54. 95 ppm (C- Z heaﬂng an mino group) »Mch must have

“ 'oﬂglnaw frm the 2- ulno-z-deoxy g]ucosg reshm. These results :

g : " snwed that  the deam Nun miction ‘was mlntitatbe d indlcaud tha{

X L I un deinmced ol!gosacchnr-lde was. ude up. of 5 gl_ycose unﬂs, a result
F % cmtme wi'th the. chenical ana! y51 i 5
_ The H-n.m.r. spectnm nf the de-imnd n'ligosucmride (Fig. 5)

{aR \‘ shmd four siguls in;‘the “anoseric region. 1nte9ntlng for's prowns>
.ss. 5.53 and 5.3 (2H) Fpm with 3, 2

signals at

| to-an-a-conf

nd a signal at- 4 61 ppm

: Mz) tumsvoml!ng to a ﬁ cnnﬂgurmon. 1he couparisnn ef the-

specm qf ‘the nriginﬂ core w!th !hlt of ehe ‘deaninated ane







5. Mn.n.r.spectra of ‘the original () and the déanfnated

(b)-core oligosaccharide of strain

g




2 l]yfa‘tw_r,[ analysis’ of ‘th
2,3,4,5-tétra—_q-mgthylglucosg,’ 2,3,

4 tet‘ra-_n'-retnylheptose',‘Z:J,A,E-tri

l\epfose 1n: the fonwin'g nin‘lar‘ raéios: 0. 2-1‘ 75!

Talﬂe lII, B, P 7&)‘ The Tow mlaryrupnrtlon f

methy\heptose aris1ng from the Z-D-snbsﬁtuted
. cons!dered mgether‘mth the net ‘lncrgase af 2 3 4, 6
he Zﬁnlno-z-\ieux

‘methy]hevtuse on (rmed

aned 10707 ‘of! the L
are’’ in good nqreeluent with those ohtained by Erbing et al.
t1on of a Z-Un\lno—z euxy‘ =D=.

3 have shown that dur1ng dea

inated ol7gosaccharide : gaie-,

methylheptose and 2;7-di-
0.30:
23,4 s-te’tv“a-o ,

g1ycero-D—manno—heptuse res!due.' These nsul ts

7-penta:Q-methy hieptose, 3,4,6,7-"
methyl+"

064 (see -

-heptosy] un'lt, il

glucosy1 grnup was e

(189) uhov ¢

<




. rmos of

.The 'Iyxm'l resmue ‘may arise From the (nconp'lete nxidat{on ofgtms 7-0--

'ansd e tosA' |n f;ct oxidan:(an ot thE vic,nan 3- and

lycero-n-manno-heptose, 'lyxitul thre!tn! and g'lycero'l Sn the mu'lar 4

184 (Tatﬂe Re S E,"p=-70). For t(nn of threitnl : ? R

can ovﬂy he frw the 7-0-suhst1tuted L g1yceru-D-manno~heptose res{du ]

-hydrox_w *

ta 1 llale.

Thes results a]so shoueq

o

The. core- quusacchande was suhjected to:Smith degradu, onn(lbs),

that is, periodate ox1dat|on hnrohydride reductlnn and mi'ld hydrolysis §
B el

witﬂ acid.’:

The- smth degraded prodict was. pur1 f1ed by chrmnatography on’ .

§ Sephadex G- 15 and sugar analysis of the p“rfﬂed product 2 indicated the "

%) 06 (Table Il {78 iPs: 70) Methy]ation analysis of the: Smith degraded
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K neth,vlglycem in me mo'lar ratlo of 1:0.4 (the non. sto(chiometric )

umount nf methyhted g‘lycera) detected by. g 1.t 15 due ta i

s ' vo!at(\ity during ﬂne successlve concentrations necessary fo

derivatizatinn) .

3 ilencg’@he structire of ‘the SmFth 'Ijlgo\s_accﬁ'aﬁde 271525 "shown.’

LD-Kepp= (1 »..2)~glycerol,

The permathy'lated &nlth anosaccharide 2 vas ana‘lysed by

(profﬂa ) and its structum was conﬂnned frm the fragme .!a on |

pattern (19 190). Primary jons (of: me A series) characbev‘ist‘lc of a

o terminal nonreduc(ng heptnsyl residue at n/z 263 (a'n; ), 231 (a A ),-,

199 (a Aa) those of & gl_vcero’( ma!ety m/z 103 (b A .)

o

Partial hydro‘lysls of, the co o'ligosaccharide uith 0.5M su1fur1

acid for 1h at 100'. fonwed by, pur‘lﬂcatlnn on Sephadex G 5 y1e]ded
g degruded nliqosaccharide. Sugar analys!s 1nd1cated that ‘1t uas

o compesed of. D-g'l e L-glycero—n-manno-heptnse “and, 2-am1no—2 eoxy-D- ¥

mol ar ratios of

. S ,g1ucose in




Ed L R S L.

This: result. ndfca!es that 1 mo'le of

" lost dur(ng the ucM degradaﬁon ’

p ' Mnth_yhticn of the degraded anosac:haride foHawed hy hydrn‘ly-‘

s(s, reﬂuction and g.1.c.=ms.: of the alditol acetates yie'ldedz 3,46~

tetra- g—methﬂglucnse. 2,34 6.7 penta-g-mtny eptuse. 3 4 5 7-tetra—0-
7 < AL

flethylheptose and 2,6,7-tri-0-methylheptose/in

the following mu\ar
Tl vatios'1.08:0.1341,00:0:86 (see Table: TIT C, p. 7)ks . This resiit

- " vl 'indicated that the Z,_7-d' _mnyinepu?se found on’met‘hyhﬂon and

hydrd1ysi‘s-of the 6r|g|na1 material had been Eepmed by.Z 6,7-tr-0-

methylheptose and that the terminul LD hepwsy'l mniety was almost

quantltan vely removed and mist -have been Tinked to the branched

ot g'lycero-g_

anno- heptose residue~tnrnugh.ﬂ-§ as- in the following par’t!ﬂ ;

. e . structures.
. il <
Lp-Hepp. e i
] ) it -

G The ¥3C-nim.r. spectrum of ‘the degraded o}igosgcchaiide Showed.” K
103.2, 102:5, 100.45, 100.2 and ., .

Five  anomerric:signals resonating at |

B g, £t 06CS );viu. By comparison -of the, 13C-n.m.r, spectmm of t’hisﬂegr’adsﬂ B

1y Hhen 9.1

m.s, uas condur.ted under program. (prnfﬂe t) d'lsac-

- :haride aldito] 1w present.




ofigns_a‘c;haride with tﬁ;i of the or{éinal” co%e,_(see Fig. 7) h’. is

© evident thit the double signal at.100.45 has been reduced to a single

¢arbons of: the D-g1 ucosamine residue,. which 15 obvinusly still present._' 3

. signal; thus confirming the Toss of a sugar- -residue. This makes it "

pnss!b]e 1o, ass!gn this.signal r.o the mnmeric carhcm of the L-g\ycem— :

'manno-he):tuse end “group.. It is also 1nt‘erest1ng to note the presence

of the signa]s at 54.95 ppm and 62 0 ppn l:crresponding o C-2 and -C-6

% 1.7.2; Deaminatfon of the, Pprtfal]y nydrolysed Core

Nitrous’ acid deamination of the partially I\yd;'o1ys‘ed ‘o11gosac-

- charide, fmoj;ed» by borohydride reduction. and sugar analysis yielded

i

; 5
D-g\ucose, L= g]ycero-D-manhn hept and '2,5-anhydro-D: (1:

(Tab'le ; b, P 70). " This result: indicates that destruction of the 2-

amim‘z-deoxy D glucose has occurred.

: Puriﬁcat(an of the above deaminmon reaction mxture hy chrema-; ¥

,tngraphy on Sephadex §-15- afforded a deaminated praductx Methy1 aﬁon

ann]ysis of this deaminated product gave: Z 3s 4 6-tetra-0-methyl-
glucose, 2,3,4,6 7-penu—ﬂ-methy’lheptose, 3,4,6,7- tetra-o—methy'lhepmse
and 2,6,7-tr

methy]h]eptuse in the mlar ratio of~'1:1:1:1 (Table
111; D, p. 74), By comparison of this methylation analysis with that of
the partfally hydrolysed oifgosaccharide’ (Table I1f; C, pu.74) fe°ts

.clears that the 7-0-suhstituted L g'l_vcenrn mnno—heptosyl residue”

ari sing from .the already: n\ent!oned D-ch 147 LD~Hep ngosacchar(de has &

become a tecmina! nonreducing residue. “Hence the partial struct_ure is

as follomsi=' v

6)‘,‘,

-




orinul (a) and m y-nuuy
of strain SJ-48.




"> 2)-LD-Hepp
i

; 'Atﬁempts e made to 1$olate an‘d](gcshécharide éont.ﬂni’ng the 2-..

. amino-2-depxy-D- ! ntose unit. . Thus, parmﬂ nydmesls of me cure

o]igosaccharme.wnh Z‘I }\ydroch]nﬁc acld for: 1h at Jﬂﬁ', fo]lo ed with

. purification by high vnmge paper e1actnphores|s, yielded a disadgha-"

ride 3, ‘that had Amc" 0.6, Wen this disaccharide s sumltted SR ._\ :

" nitrous’ acid deaminatinn fo]nuwed by Tzdu\:tinn and acetyl atinn of the

277 profucts, it.af forded :1,3,4,6-tetra-0: anhygro-D-nani g1 and
e the ﬂrﬁtﬂ acetate of 1D-| heptnse in stnichipmetﬁc mnunt (Table n.
70, :

A etyhﬂon of. the disaccharide 3, 'fgnoued by methylation,

3 hydrolysis,, reducnnn. wcétylation and

c.-ms. of the alditol
acmtes cunﬁnned ‘the pnsitiau of: the Tinkage through 0-7 -of .the [

w heptosy’l residue by, the. formation. of

" Hence ‘structure of the“fsolated disact




. Yy \ ” ; '

1.8 - Chromfun- Triokide Oxidation - ; S

¢ 1.8.1, Chronfun -Triox1de Oxidation' of e ortginn core

o ‘., The anomeric configurations of the Vérinus giycasﬁ gmu’p’s of the -
! 5 coreanosnccharide were also-ascertained. The core n'ligosa:cnanide
, was yeracewuted and the product subjected to of?étinn w|thlenrmium

tr1ox1de (138,139). Sugar analysis of the- resumng anized core

) { (Table I1; 1, p. 0y demwrated that. during the oant{on rth
$af = !
) | glucose moiety was the on(y ,sugar destroyed “and was g- aned.

Methyhnon analysis of the oxidized.core o'ligosacchar de :

K (Tulﬂe 1 E, pe ) gave 2 3, 4 6 7-penta~0-r»ethy1heptose Z 4 6, 7-

¥, .‘ g tecra-u-methylheptose. 3,4,6, 7 tetra-o-nmmyl heptose 253, 4 6-tetra 0-
1
%.0.4‘1.0.3 0.5, together with the methylated acetylated dlsaccnaride

H K methy]hepwse and 2,4,7-

-methy]heptose in the mohr ratio. of ~

alditol 1 Even muugh the hlterpretation of“the chromium_ trioxide:

% uxidnﬂon seems. qulte comp“cned ;i o can nevertne’less be rat!ona\ly
exp]ained. The 2, 1-d1-0-methy1heptose found “in the methy\ ated nr|gina1
materiﬂ has been replaced by either 2,3, 7-tr1-ﬂ-mthﬂheptose (45%),
indicating tha’t‘ the g~ glucosy‘l residue ‘was 14nked thruuqh 0-4 of this

brarched heptose”unit or by 2,4,6,7-tetra-0-meihylneptose. (43%) artstng.

s from the' parallel (but unexpected) Toss of the termina] donreducing

heptosy'l resldue aned through 0-6 of the. branched heptuse unlt.n- & S
Partial acid hydrn'lysis has: al ready confirmed the Tability of this

- teminal ms!due, and; it would” be reasonab'!e tn postu]ate simﬂar W




o

used durl ng the chrmlhq. -trioxi de oxidatd

Peracety\ati on of the core a‘ligosaccmride ]:HOY' to nxfdmon anﬂ

” methylaﬂon would have afforded an, u—acefy ami na sugar with a glyco=.
s|d1c Tinkage much’ “Tess res(stnnt to hydrnlysis than _that of the free .
aminu sugar (83). ¢ Tn!s)lould explain the presence ‘of 2 1,4 6-tetra=0-

methylheptose urlsing frum the -previously acid resistant aminu sugar oy

coma(n(ng oligosacchari de kS

The ctironfum trioxide oxidation has therrefore show thn the

glucose residue had 2 8- conﬂguramn and that -t was' Tiiked through 0—4‘ P
of the dnub'le-hram:ned heptv.se unit, as -in tne fol)ovingparua'l

structure :

1.8.2, . Chraiilim Trioxide’

" Deaminated Core.

(see section 1.7.2) vas pericetylated and orfdized ity chromiua’,
‘trioxide. .. During the: oxidmon only the n-gmcosa was nxidized,

subslant{aqng the g-1ink:. By cwpar(ng th: methyution anal ysts




5. 741 yith" that of Fts parent precursor (Table 111;0, p. 1) dtwas -
avident thut. the Z,§,7-tr{—gmthy1hepmse has been rebi aced by a i
" 2,4,6 7-tetra~0-nethy1heptose, thus J{ndfcating that ‘the 8-D-g1 ucosy! 3
grnup was 1inked through 0-4 of the branched w-henmse residue. Though
the glucose residue has not heen tocmy oxidized (0.12 mole ha's :
-.survived the oxldation), we . can assiqn a stvucture to the Mjor

praduct, as fnnws.

arlDHepp(l + 2-a-LD-Hepp - L AR
; : 3 T . g
. . +
: v
a-LD=Hepp -

i g 19." Determination "of the Reducing-End of the Core Nigusac:};aride
wH L0 o

In nost of the 1ipopolysaccharide Structires studied to date,

three molecuTes of. 3-deoxy-D-manno-2-octuT osonic <acid (doglA) were found:

"t doin the core ol 7 gosaccharide to-the 11pfdA. - In our study, deter-
=, mination of dOclA by the published ussuy‘mtl@ods se!;ed to indicate that
ﬂ was ahsent. Mowever, recent: iﬁ;lesthations conducted in‘our
i ’hbm-atory (191) suggest that at. Teast one mole of d0cTA my be present;
in the lps oF A zdroghﬂa though cer‘tamy not lifked fn a conven-

.Honalmnrkg I 2
3 a8 e " s fvee ¥ g

plvg

N




% % - e . - g ] V = ,‘
i - Conclusion  — ', W . Ot . A7
S - % . ; ]
3 From the combined chemical ad spectroscopic evidence, the core” . o
oligosaccmﬂde of Aelomonas hydrophila strain $J-48 s made up of six ; '
\ glycose units and has the folloving structure:
a-10-Hepp
P 2B S 1
2 5 3 . i
¢ : . 6 3
8-D-Glep-(1 » &)~ e —~Hepp- (14 )
e ,*F v
5 s ; g 4.4
_a-D-GTeph-(1 +.7)~ ¥




2.”STRUCTURAL INVESTIGATIONS .ON THE.CORE OLIGOSACCHARIDE' OF y
-, AEROMONAS HYDROPHILA STRATN SJ-55 : Bl gy

1. Introduction

A hydrophila Stfain SI-55

on the hasis of u|e neutral g]ycose amﬂys
chunde (971 wM

cansists of

structura\ |nvest1gatlnns on tl\{s core ongnsaccharﬁde wﬂ\ be e

bx discu ed:

2.2, Isolg of che Core Q“u

3 method of Hestvha\ and .Jann (22) Analytlcal studies shnwed rh

'lps prevaratm\ contained very 'Httl: promn as cenf.amlnant

(TabTe V). 'Tha carbo}\ydrate pnrt{on obtained after mild nydre'lysis of
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% - * 3

"‘Ann’yt}cai data on the:

R form: (=)
TLipidA (~) 06,3 711.7

“*Thiobarbiturate (180) and diphenylamine assays (181). CChen-gtal. . . i
- assay"(175). :“Rondle:Horgan (A)-(178) ;. Strominger .(B). (179) and Afno’. -
(177

acid analysis. (C). dery adsay. (174). Ecarbazole ass
‘nd: not determinedy ‘- :




“group, as 1nd1cated by-its complete destructlnn and forntion of 2,5~

g'lycero-

°

96
oligosaccharide fra_cﬁen. The core oligosaccharide had [n]" +77.5°
{c 2. 58, in water). The fraction P-III vas essentially free of

:arbnhydrace and ‘consisted of various ﬂnor co-wnents assochted with -

the ur{g(nl] 'Ips TMs fracthm was not studled any- further.

The analytical data of. the 1ns R (:ore) lnd SR form are g

; sumarized: in Table IV,

2, 3 Sugar Ana'l,ys!s of the Core mlgﬂa’t‘chaﬂda

Ac!d nvdru’lys!s af tne orig(nu’l and ’deaulw

ccha- )

e Tablents A and 8 5., 9). w.. '

. The opti al rvtations of me sugars (sa'lned fra- tbe dero’(ysate

estahlisbed that the ga'lactose, “glucose and Z—alino-z-deuxy-g!ucose had

the D—conflgunﬂon The Z-ulno-z deaxy-n-glucose had”a. free aino ‘

anh_vdmannnse aner daaminauon of the core ol igosucchlrlde.

The hepwses uere 1dentifhd as

glyctro-n-unnmheptose and




6150 poz
WE) 3MH 43, po4u
»




R,

Spectiun of the.’

cqre nngusaccharlde recorded in D 0 at 90!

0 (IH) 5 45 (lH) 520 (4")

.constant. of BHz correspond to 8- aned sugar residuzs. There were no i .

5 signa1s of: o-acetyl N-acetyl, ‘or methy’l protuns of deoxy sngars

: (double s(gl\al) 103. 'vpm..»

The 1 H caupHngs were measured by the _ated ecﬂupHng technlque and

(123) The anmnerl: slgms' resonatmg at. mgNer fie'ld had.,&




Fig.10.
'from strain’ §J




¥ conespond to’ bm mn«llnked C-G camns (bﬂring a pri-ary free
hydroxyl group) nf two hexose. res!dues (D-glllcwse and -D- lucosa-me)
_F!nally.‘ﬁ\e signal. at 54,95 is attrlbu;ab'le to the C-Z deoxy carbon
bearing an aim*dmlm o‘f the ?;-m1n6—2-'de;7)31#D-gluéose residue and the
weaker - signal at 38,25 ‘ppm. w mrrespond to the C-3 deoxy. fum:tion of a

g snspected but not established dodk Pedllc'ng Io'lecule (191). g

\ r{de cans!sts of 9 glycose residues. Furﬂmmwe, _tlw rgsu]ts B

é—dmxy-g 'l‘ueo'se .

: unilb‘lguousl_y cnnfinl U\e presence of Z-mi

Z.S. mthyhﬂnn Mnlysis nf the 8J S Core mignsuccmﬂde

,Methyhtum of the core n‘llgﬁslc:har(de by me nethod of Hakomori,.
“fol Towed by nydrﬂys with 24 !ﬂﬂnornncmc acid, reduction, ‘and
deﬂvatuatim as’ the ﬂdital acetates, affomd 2,3,4 G—n:ra-n--eti\ﬂ-

> galn:tuu. 2 3,4, 6 7-penu-u--uw1-w-hepwse. 2 3,4, G 7 penta-o-

ep'.osq, 2,3 l-triao-lgthy'lg'lucuse, 3,4, 6, 7 tetra. O-I:ethy’l-
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g'lycero

‘i the hydro'lysls conditions use

‘1011

"‘ L The presence of a2,7- dl‘o-methy'la

1 lnked

rough 0-2. By cmpar!son of the\stnlchiumetﬂc compas1t'|on nf'

me;hylated core o'llgosacchnride, it is c'le‘ar that the alditol acetates :
derived from 2-: amino-2- deo)q D-glucnse and ‘1 mle of L-g'lycero or D—

o
nnu—heptvse are misslng. This‘ result suggested thnb these

Tast " bno residues were glycoshﬂca“y aned by a. linkage resistant ,m
|
In fnct when gas-]iquid chromatography

‘ uf the’ Partially methylated:alditol’ acemé: ias “Conducted us1ng ‘the

prugram temperature (profﬂe [HI a s!ow uovlnq component 4 was observed. F it

; . whose idenﬂty was estabHshed by mass, spectrometry. rne fragmentation

pattern of th's cnmpound uas |dent|ca1 to that uf cwpuund 1 a'(ready

: described in paragraph i 3 (Fig. 3. P 76).




SENEEE R SR

Therefore, the tentative structure of co-pnnent 4 s as shwn

{ ~

P2 n—mc;_u 1*7 10 o3

-Hepp-ol

{ I ¢ Y

component 5 was . nbserved on'g. 'l Co when temperatnre prnfl’l! C was us'éd i

The' {dentity of this ya§ dshed by mass spectrometry’as..
& 1,5:01-0-acety1-6-0-L4i-D: acetyl- tri-0-methyIheptopyranosy11-2,3;4-
tri-0-methyThexitol.. The structure of this disaccharide alditél 5 was -

‘confirmed by -{ts. fragnentationpattern (Fig: 11) which gave primary fons .

at W/z 3197 (for the mnreducing heptosyl group), and llz 291, 205, 117, :
151 (for the hexitol’ -ﬂety) tngether with secondary Ians, |mr a'lh.
3 lt w/z 259, 227;-199," 167 lFI {formed through eth\lt‘lon of ﬁla :

LCHy COOH iml csz-c-o from the prilary fons_of m/z 319 md 291) 129 m: \

ae A, dg
The: f,raguentaﬂon pattern therefore |nd|clted that d|sacchlr1de

o alditel 3 tonslsud of a: nanreduc‘lng heptosyT group, g\ycosm:a‘lly 2
H Bigtog

'I(nked to 0—6 uf a nexmn residue 'smce the uthylat(an analysls o 7

the nrlgiria'l cnm hns shom the presence of a, brnnched n-g1y:era—
mnno—heptuse residue (l'lnked thr uqh ns 0—8 al d O-l p!smons). anda




T314: 3
|§»mum|oum?u

€z T4s
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2. 5 4-tri-g-methyl glicose, ve can assign the same 0-6 (6-0Ac)’ and 0-4

KM-OA:) substltutions for the heptnsyl graup containing disacchande

alditﬂ (see Fig. 11), and furthermore, e nk\v a1so ‘assign the

. ., D= glycero—g—munno— and’D-gluco configuration; »respectivgly o’ these two

residues. ' Hence Ehe structure of “disacchardde aldito} 545"‘5_5 shown

“belows.

RS néami}'a:ton .'of 'sa-lf»s que‘_ﬂﬂgdsacchar'de

The core ollgnsacchﬂride was denm'nated with nHrous ac(d,

fcﬂaued by reducuon of ‘the product with bwohydride (187) The 2, 5

anhydrovn-mann!to'l released dur'lng the ‘treatment was acetylated and -

‘_identlﬁed by g Am.s. .'Sugar ana!ys1s ‘of “the deaminated. ngu_sac-'

charlde purlfled on Senhadex G =15, gave D galactose, D 'mﬁose,

g1ycern-D munnn-heptose m chem-D-manno-neptose in- the' molar.

 ratios, of 4 (Tale 3 By PO It s clear by cmpar1son of

this sugar analys!s with that. of the orlg(nK\ cnre that one extra mole’
% of L-gl ycero-B-mannoheptase has now, been detected. ; e

The relense of 2,5-anh dro- ~manmse together with-the assay of 8

‘one extra neptuse residue huﬂcated that the 2-aming=-2~} denxy -g1ucnse

: was yresent as a; nunreduclng emi group, and that it was g1ycosid|ca1ly

i 'aned to an




This; disaccharide awm distissed 1n Section 2.5 fs identica .

'r,o compound 1 obta(ned From tha core olignsacchaﬂde SJ-AB (Section

1.3. ) and is ‘as shoun beTow.

~The methylation analysis of the purified deamiated core dTigosac-
charide afforded the partlaﬂy methy'lated alditol -acetates as: 1nd1cated
-in Table VI; B pe 101. The presence af 2,3,4, 6 tetra-o—metlwl -
D:

i heptose again’ confirms tha: the Z-amlno-z deoxy«

Z 7. 1. Partm Hydnﬂys‘ls uh\.h 0. 5 M Sulﬂmc Ac1d for 30 Mln at 100‘

Partia’l hydrnlyﬂi;of the core annsacchande nith 0.5M sulfuric
acid for 30 min at 100°, folloyed, by purificaﬂon on Seyhadex G-IS,

y"le\‘d'ed a-degraded ngosaccharide. Sugar ‘analysis (Table V; C,

Dpnge

revealed that 0.7 mole of D—gahc{ose. 0.3 mole “of D-glycero-

hepmse an appraxinately one ‘mole of L-glycer manno-heptose had been

removed by the acid hydrolysis. -
" Methylation of the. degraded a‘Hgosaccharide. fanwwed 'by hydroly-

“sis, feduét{on. and ‘g. m.s.:of, the. a\dlto’l acetates, yie]ded me!hy-

lated sugars indicated in Table VI; C; p. 101, Al e ‘-




3 > 107 .
. When gas Tiquid chruatograpﬁy was carried >n>uc with temperature
proﬂ’lv'e c the‘pres‘ence of th;z meiny1atéd' dlsaccharide alditol acetate 4

wus uhserved, 1n61cnt1ng thnt 1': had survived the partial )\ydru]ys!s
)-néthy1=
LD-heptos! (double branch p;ﬂm:) found in methylaﬂon and - hydr ysisiof

he nbove methy'lat‘hm amﬂysis (»dicuf.es that thﬁ 7-di

the origina'l materia'l had- been rephced by ,6,7 tﬁ-g—methy

; hepmse, and that the uznnina] nnnreduc(ng

tieptasyl unit was. .

or1gina“y 'nked to this h

06, as"in the

i lowing par' a1 structure

ooy
]

g L

T gk PR

I 58)-LD=Hepp-(1.+ 8
A Ya QR

4

\ . 5 < .
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= .
2.7.2. Nitrous Deamination of the Partially Hydrolysed

01igosaccharide )

Tﬁ; degraded o'l|gnsacc’h’ar1de ‘was treated with nitrous acid,

. fol\wed by reductinn of the producc by borohydride. .The:2, 5 nnhydro-D-

5 mnnita'l n]eised ns acety'lated and the ester Mentiﬁed hy g 1.:

Sugar anﬂysls gave D—glucose D—glycero—n-mnm—hepmr and

£ha H E. p._!” 3 S
'TM degrldzd oligo haride was puriﬂed by gel m- -
trntlon on saphadex G- 15 aad the resulting yrnduct was newuted : i

‘Subsequent h,vdro‘lysls, mductlon und g.1.c.-n.s. of the u'ldmﬂ acauus

mm the methyldted suyars shoun An Tnble VI; E, v. 101, Agaln (as

T Section 2.6.) the Tlimited pruporﬂon uf 2,3, 4 s-cem-u let.hyI-LD— 2

s OF & 3 hept.ose lrls'ng frw ‘the .7- ﬂ-snbsﬂtnted -heptnsﬂ nnlt, cons{dered

tngﬂ.her with“the.new appearance of 2,3,4,6 1-penta-u--t!\y1-l.n heptnse.

5 reconﬁns that the

1 no-2-deoxy- gtucnse was a nanreducing end
group 1inked to 07 of'm‘e i-gly:ero-g-nnno-heptase unit, wmlch in

" turn, 'was aned to the bru}cheﬂ L-glycem—l)—'nnno—heptbse unit of ‘the

degnded product e!t.her mrough 0-4 or 0-3, as in_ the fnllmﬂng pmm

A g structure




+

6
- +4/3 LD-Hepp(1 +
T
+
1
E—Gl:p_u— (1s7 )-Q—Hepg

2:1 (see 1lb1e V; D, p.97).

res!dnes n the molar. ratios “of ~ 1z

Hemyhtron analysis of uﬂs n)igoslcchnr'de gave 2, 3 4,6, 7—pent!-.

g—iedvyI—ﬂ pepuse, 2,.‘{ ,t-;ri-o—ngthﬂgl ucose, A3.4,6,7-t=tra—(_1—-ew1-

LD-heptose and 2,6, T-tri-a-lethyf—w—hepwse in the .approximate iv.ﬂnj
-’ ratios Of 1:1:1:1 (see Table VI3 0, P 101. . When gas 'qulfd : %

it chruntognphy ‘was. performed using U|e progral temperature profﬂe c,

~ .the presen:e of . the disacchlride ﬂdltnl 4 indicated -that 1t was' still-a
uethyhﬁon ¢ g
. A ' ‘anal ys{s of this® degraded vroduct (Tab!: V!, D, P 101) v:".h that, of

: par: of 'Lh! ﬂegraded oligosaccharide.. By conparing

,’ the degraded pruduct after 30 min hydmysls (Tulne VI. c, p. 101) we.

(um:n_uan ur(ginated from _the

_griginal core).  This slvle res1due |s Lhu nne frm uhlch the Z.l.
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penta-0-nethyl-D0-heptose unit,”now present In the degraded: ol fgosac-

charide, 1s formed. It ‘ls also ‘clear that allof the 2,3.4,6- tetra—o—

5% The part!a! (0 SH sulfuric acid) hydm'(ysis has hus in: ;8 Hrst

m o( tne neuml end groups have been removed Ieav(ng an oﬁgaslccha-
ride |n chh the r1gina‘l hranched u-g1ycem—

Hence the terminal nnnreducing

was- aned to_O of the original . branched DD-heptose as

‘7 Coriginal coy

B 45 In the following part!al structure.

i . Q-Hepl

D-mannn-heptnse has become -

-hep’tase residue. bresent in"the
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o'lys(s of the Core Dligosiccharide wh:h 2M

l Parﬂal Hy,

Hydrocmnric Ac!d g

A’tr:e‘npts‘were v'n;de to fsolate. an ol i§osacghqr1dg containing- the, -

Thus,‘, pla‘r't"iai hy:d olys‘{ s 9( the core
ﬂﬂ‘w!d by

AT S * 2 amino-2-deoxy.
S ol gost e with zn riciacid for 1 hat mo,

L Acew\atim uf disaccharide 6 fn'llwed by meth,vlat(un, hydr(ﬂy- -

_sis, reduétion' aéeﬁjiatloh 'ai\d‘g 3 Soj conf{med the pnsltlon of.

vthe anﬁ;tmaugh 0-7..0f the LD—heptasy1 residue by the fomatiun of, 5

a»O-meth,ﬂaheptose, results which are in ngreement with the

G prev(ous denminat{un ana'lys1s daca.‘ Mence;ghe stvjucture.of disaccharide @ © .+

615 as fo_ﬂows..

DHGTEp: (L £ 7)-Locepp e

e sholuTd be ‘noted_that dsdccharide’g fs fdentica to the. disactharfde

X 3 afforded on’ I\ydrnlysis of " the 5.1-48 core oligosaccharlde SJ 48 »ml
B Hc'l descrihed “in. Secﬂon 17 3 ; Tl




S s Cuﬂectivﬂy these results demonstrate
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z.a‘.‘ Perloﬂate oxwmon of Sic55 Core UHgosaccnarMe

The core’ ngosacchar{de was oxidized \dth periqdate and the.
L pruduct was reduced and p\mﬁed by gel fl’ltratlon on- Sephadex G-15.
Sug r anu1ys{s uf the pur{fied po]yo! 1nd{cated the wt‘esence of L-v :

nnu-heptose ribité\ thr'e!tt'l[l g!ycero‘l and 1yx1tn'|.

(NB. 1yx1to1 wmﬂd bethe reAucthm product from emwr araMnose, nr
0.85:0.7036.2
p. 97 = It is evldent that the 7—0-subst1tuted L

’Iyxnse) in the m'lar ratlos of

3 (see. Table V, F

ycero-D-manino-

= g'lycero conf!gurat1on for this’ residue. The mﬂy way. in’ uhich the
nx{dation vradnct r|b1tol can he produced from an ngosacchar'de uhich

gives the demonstrated methy\atlon pattern is f

3 - tr'l-

T po1nt, been assumed. “ses-footnote p- IOU)._

The 'Iyxito1 residue must arise. from mcnmp! ete‘

D-subst{ tuted

-g]ycer -

annn-heptcse resi 3 as ahready d(sc—usse 1n

-+ the sase ef S\I-&B‘in Secﬂon ol

1 mule of n g uco! B 1 ‘mole “of Z-amino-z'denxy-D-glucose, 2 mo1es of. n- f

glycero- -manno—heptose and 3 mo!es of

heen oxid!zed. Frm ‘the or{ginﬂ corg resmues orly one mqle of

glycero-

nno—heptose survives the uxidaﬂon, “thus confirming the ¥

S N : reslﬂts of the memyhtfon ana]ysis.

heptose is the parent residue of the threlto 3 thus conﬂming the L- S

at, 1 fole: of D-galactose, .

g1ycero—n-manno-hepmse have . .




2.9, - Smith ueg'raa_ac"ori of - the Core bugosa'c'cnari e

The core olignsaccharide was subjected m a Smlch degradatlon i
that is. peﬂodate oxidation, foHnwed ny borwnydride reduction. and
;mﬂd hydro]ys!s w!th acid.

: Thq Smith degraded product was wriﬁed by gel thratlon on

' Sepnadex G 154 Sugar analysis of’ the reslnthng product G 1ndicated the s

Do tons of ilil (see Table V' 6, p. 97)

Methy]ati(m analysis of the Smith-degraded product 7 yielded
,3_,‘4',6,7-penta-

methy] LD-heptnse andl 3-di-f methy’lglycem‘l 1n the .
molar. ratio of 1:0.6. - This resultﬁ ndicateq that the nrig'(pal double g

brariched'heptosy'l "r‘ésldue‘wa‘s 'Ijnked U\r;?ugh‘l)-z oé t‘h‘e‘

g]y:ev:'o—

manno-hevtose unit: that yielded the g'lycero'l residue,

structure lare idenﬂcn to that n!ready reponed far compound 3 from SJ-
48 core ngosaccharlde (discussed in Sec '_ on'l, 1,




Mssin;fra the -bnue P st.uhted slructure, are t‘re nﬁmﬂc" ;

nflguntinus and the T nkage. posmon of the o sulisutuents 1)-




“ ox'dized product reveuled that the D-glucose and D-gahctnse resldues
- had b%en oxidl zed whereas an nf the heptose residues as waﬂ a8 the (i ]
aminu—2~deaxy-btg'lncosamine survlved the uxidat{on (see Tnh!e Vi J,

b 970 Thls 1nd|cates \‘.hat‘ the former two: residues were s aned and

 data whi ch imﬂ:ated ma anumeri cgnf}gufﬁ:}bns,’ and-with theigh -

’ performed us! ng vrofﬂe
" The result of -

e methyhtion ana]ysis of the axhﬂzed cav‘e aHgo-

s sa:charid‘e appears to be. confusing, but mqy be, rutiomlized if we .

:consider. that the: nonreducing‘ anno and, parﬂcuhr\y

- g]ycgro-
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'_be Tinked Lhraugh 0-3f the sime ‘double” branched L-glycero-D- nanno-

v'nevtose 3 - N s L
" Hence “the nﬂdmonﬂ suuctura'r features. promed by ule cl\rmium osg A\

tri xide _oxidation are shm behn

P
6.

Since tM prev{ws resum _wiere not. absol uuly cnnﬂusive, due to
r(-o-mewl

-heptose ncovemd

*.the 'Iw mhr proporﬁon of 2,4, 7_-

after the chroafim trioxide trestment, the partially hydrolyse
.2:)’ -s peracetylar.ed and

.aewnaud ol1igosaccharide - (Se Secth'm Z
subjected- to nxidatiul with chrel‘h- trloxm. Sugar analysis ofthe

resulung qxhﬂzed product nvoaled that the D—glutns: unit had been *

inkeds

-’uxldixed indicmng that it ns s,«
: 3 Hetnyl ation nnﬂysis nf tMs uudlzgd prvduct afford:d the methy-
hted.gmducts shovm in Yable Vl‘ G, Pe 101 By cuplrism nf the ‘
’_'ne y'lmon anﬂy;'ls of me degraded \ﬂfgnslcchar!de (Tulﬂe VE;“E,

o1 vﬂh l:hn' of the ahove uxidhed product it 15 nbv!ous that the”




aned tnrnugh 0-4, of the hranched L-glycern—n-mannn-heptose. Hem:e the

partm ‘structure provided by the oxidized conpound is as shoun. £ :

’duc\A i's A"Isn present n e lps of cMs A. l_\xdrughﬂ strain. i

‘g1yc054e unfts. Tnis cure oligosaccharme possesses three Branch.: pofnts







3. " STRUCTURAL STUDIES ON THE- ™SENI ROBGH' OL-IGOSACCHARIDE . PORTION -~ AND

o 1'HE LINKAGE BETWEEN THE - SPECIFIC IDLVSACCHARIBE Alll) THE CORE

: REGXUH OF A munopmu STRAIN $J-55 - » ¥

31 lntraduntiun . . . < P, Y — 

. The Hpepnlysacchande (1ps) Isnlated from A, hxdragh”a Strain SJ- .

55, " when submﬂted to mnd acid nydmysis and ".frattionation on Senhadex

& 50 afforded two - carbohydrate fracttons [sR- o’liqnsacchar{de (PI) and’;

core-oﬂgosaccharfde (Pll §1é (See Fig. -8, p. 94].

. The” structural studfes of the core n](gosaccnaride of. the Tps' were*

. dlscnssed in the, prevlnus chepter. In tMs sectiun the partia'l

3 3.2._$uqar &;mpos'l,tiqn of lnevSRAoﬂgosacch‘._:r!dg b

structur\e of the "Seni” Rough' oﬂgasaccharlde (PI fraction) “fron. Tps. SJ-°
55 will'be br1ef|y discussed, BT e &

Tiie ."Sef-Rough" ol lgosgccharide portion was Isolated as indfcated

in"Sectfon 2.2, Ttihad [alft+ 1005 (c 057, {nwate

:P}-el m!nad £

v ana]yt(:a‘l reslﬂts are r'eported in Taiﬂe IV. P 95). In cann{nn with the’

core iraction,.the "Sk" o'ligosax:charlde does not contain phosphorus (at -

'Ieast Mt inasi gmﬂcant munt} mcu o prnu e Acid hydmiysjs

of .the nr'l ginal SR-ngosaccharidg ulth 21{ tri f1unmacet1c acid

Tndicated that it” consisted of L-rmmuose, D—mamwse, D-galactose. D-
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By'cnmaarison of the sugar ana'lysis"of the SR- ngosacchuri’de with
that of the. core n]igosacchav{de (see Tab]e v; A p. 97), we. ‘notice the

; add‘ltjiun of Lerhaitiosé’ (2 nn]es), -mannose - (1:mole) - and Z—amino-z- e

mannose *(1-moTe) resldues, tngether uith the cov-rect - *

' stoicMometric amounts’ of the. ur(gina'l g1,ycoses nf u:e core

nﬂgn ccharide. 5

3.3 ethy'lation Ahauysw of the sn:ongo‘sacchaHaé =




,methy'lacetamido) 2=deoxy:
: v‘esidue substituted at E-3. f

-residue of the core:-

w o T

The ‘presence of 2,4 di-O-methylrhamnose s attributable to a rhamnose

residue substituted ét C-3 and that of Z,A,G—tri—g;meﬁhﬂi 'n'vﬁ;se a

glucose residue su_lgs_timea at-C:3." Finally, the 4,6-di-0-methyl-2-(N-

mannose is. attr!butah'le toa mannosanine

Tﬁe methylation analysis of the SR o11gosacchar(de seens to
1nd|cate that the udded ‘sugar units are Hnearly attached to the core”

qn to gac‘ _o;her. These results al’so delwnstrate that the reduclng

sugar component of the 0-speci Fic chath s bound ;to- the D-gahctasﬂ

55 ie. the ga'lattose residue 1s the one respnnsnﬂe fnr the, 'Iinkage,

uf r,he 0-chain’ to ‘the ‘core ahgosaccharlde.

3.4 Conclusion -

' The foliowing 1nkage postions ‘have been- determined for. the" ioh-

V"core sugars., nf the' SR- o]igosaccharide, but the Sequence, (other than the

tenn{na1 nnnreducing rhamnose residue) 1s nu! known, '_ s

3 rfv\azvl Y3 mangN 1

igosaccharide of .the 1ps A. hydrophila’ strain S

.
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4. STRUCTURAL INVESTIGATIONS:ON WE CORE OLIGOSACCHARIDE-OF
‘A, HYDROPHILA' STRAIN SJ=47 :

‘4.1 Dntroduction Sifiand s  _ R Skt

isnhted frm the p1ate cu1ture of me orig{nal stm!n SI- 55. This e :

culture:” Tn e fol'lwing;ection,

The Hpepnﬂysacchande was.: jsn'lated ny the aquecus’ phenol- method

--of uestphal and Javm (22) ! Analytica'l

dies on’ the: 1ps |ndlcated that ™. .- b7

it contained yhns grus and v&ry litﬂe prdtein cuntaminant (see Table

%), The core ngosaccharide was bbtained by lli'l hydro'lys!s of: the:

Hpopolysaccharlde with acetic acid and pur!fied by; gel ﬂ"ltrat(bn on

3 Sepn _ex 6-50..The: puri Ffed: core ngosaccharMe had" [u]“ 0 BS‘

(c 2.5 in water) and as freeiof nuc!eic acid




“Anaytical assays on.SJ-47i1p5, &

i LG A o docIA phosphorusd
i3 VD oy e B

1 Prot

ein.

) o 'SJ_-;§7'lps s

S3-47 core ..

¥.

“T'Moburg! ric acid ‘and diphenyi amine assays

Morgan (A);'and S‘tmliﬂhggr (8), assays




"Table X" Sugar Analysis of $J-47 cors oligosaccharide

"‘a1d

Sugars (o " o7

4 : “given In Molar atfosC
acetates el o :

0-gal.

-0,36

" D-61c L 1.00°

il B M e % ;
SR gten £l Lt 9T

Wefieps R pies T a0 L

gt T L0.75

e R e N

; A'Id(tol acetaces derivat(ves of neu:ral sugurs T:ere anulysed on a




‘Ana1yuca'| stud%es o the cnre dligosaccharide 1nd1cated that it -

. did not contaln phusphorus, fatty aci

2-am1no-ethanu'l, proteln or.3-

1nd1tated

Table IX.

‘»D-manno-z nctulnson'c acid (dOc'IA)

Simﬂar denmlnatlnn partia'l nyurolyses amt nlhe exper"\lam:s

core a‘llgosacch Hde fol'lwed by

Ilakomnri methyu ion nf t

m:s. of the a!dltul acetates

it e hydrn'lysis réduction and g

‘in’ the riormal: way afforded the methy!ated sugar resfdues shown -in:

; “Table’ XI' A, p:. 128. By, cofpard son of the’ ruetnyhtlon ana1ys‘ls qf ‘the ; Jocks

core ngosucchnr“lde "Strain; - 47“ with that of ‘the origlna’l cnre o'Hgo = .7




: 2 3,4, 5~Ga
S 23,

2,3,4,6,7-LD-Hep’
23,8 7-nn-i¢ep :

: z,s,i-nv-ﬂep A

“Table XL+ *Methy)ation: analysis' of‘sJ-47 Core:0lgosacchartde

“Linkages

Z 3,246
HA

Y3, 4,6 7-Ln—Hep

2,3 4 G-LD-Hlp 2

X

2;7-Lli_-Hep

-0D fep

{1,408
- 1,61

176
2,23

2.38

i 2.7_9.

2:25:

1.61

2,00
S
“ao
ERr

i .15,9°%

L7123

10.75)

(0:32)

S Ralae

_ DDHep 1+

6.61c 10

Lb-iep 1>

- 6-DD-Hep 15"




'l'ln foregMng vesu'lts cnnfhi that. the mrﬂu! mmudnc!ng s &
gah:tasy) unft is present 1n ‘the - con ollgnsaccmrih An.non
- .suich(uetrlc amount, - md \mnd be aneq (m pres;nt.) to ﬂ\:

heptau thrwgu ns 1 n: follwlm partm stru:tnu

*core oligoslcclur!de had-a st

iy oligosacchlride isohted from the- 'Ips of Strain sa-ss nﬁﬂe u:e

“rématning 65%-of the SI-47 Core molecules vouTd

P
defectfve um of the nr{g‘lnﬂ strain 5.!-55 core.

It is alsa nf

nked res|due ee. n-gmmn). This Tast IR




'~ Therefore, from the faregu!ng evldence a untaﬂve strncture» ’

may -be. roposed forthe core nngnsa[charide Uf xdroghﬂ strain




i todts classif{cation as Cnemoqype B (47),‘addmnnal to the neutra]

 sugars 2-aning-2-deory

= ,Smith dggradatlon and chrnmium trioxlde oxidation gave 1nfumatie’n on

y j cou\d be detemined (see Fig. 12-!) b, TR iy SE

vits pulysaccharwe mpon ‘is ‘made; up of D-g

W tbe sequence nf the’ different sugar res1dues 1n the m1ecu1e.~ FinaHy,
‘cnmhlned with spectroscoph techniques (mass spectmnetry and’ 1H; “C— :

/nuc1ear lagnetic. resa )y the, tructure of _SJ-SE,core u'l(gosacch@ri{i'e -
- outer core (hexose reg

Voung et a]. (194) in: the extracel)ular pn'lysaccharides “of zotobncter

. lmﬂcum and Serraﬁa marcescens respect(ve‘ly. In lps, D-glycéro-D:

i e Y

SURMARY: D CONCLUSIONS [T g W

TH!‘Hpnpolysaccharide of A. zdroghn strain AS (51-55) is

mairﬂy of ‘the: R- form (s1m:e it does mt cuntain an U«spemﬂc chaln) and

-heptose ‘as neutral siigars. 4 Tﬁls has 'qu i

glycero “and D-g1ycer

glucese 1s also an |ntegra1 par of ‘the cnre

vngnsaccharide.

. l{ydro]ysis methy\at!on periudate ox1datinn and n1truus ac!d -
deamtnation permitted detemination of the sugar campnsitinn and the o

.nature ef their anages. Selective degradations lncluding nydrolysis,

Some unusua\ ¢ positional and structura} features ‘are of

1nterest. parti:uhﬂy he presence of glycero-l!~mannn— eptose h| the: - q -

of the Hpnpolysacchar(de. The ﬁr-st

tentative, idennficathm fof s uncmmlon sugar was reported by navies

(192) in:a uo\ysaccharide isﬂated from chrmnobacterium vtohceum ‘and’ - - ‘,

'ater unequivacn] |dent1f1cat(on wag nade by’ Jones et al. (193) and




. 4 agg
‘ manfio-heptose was’ first identiﬂed-ﬁf ‘the. core stricture: of sevéra'l

* Proteus mirabilis strains (195 l96) with the.conconitant presence of

jts 6-epiner, namely L-glycero-|

nno-heptose’, Mare recenﬂy DI

heptose has also been found together. with Lﬂ—heptose “{n, the R-forn-1ps

of Versima gesti (197) However,” Heckesser et al. (198) interestingly‘ 5

reported DD‘heptDse as the sn1e neutral sugar in R hodogseudumnnn s

gelaﬂnosa Tps -and Adams et a‘l. (185) reported it in “the L-glycern-n-

& mam\u—heptose free 1ps of Xanthnmonas camgéstrls.

Lehmann et

zghimurium R-form was replaced to a large extent by:. D ‘heptase 1n some

rfa mutants and transdu:tants. These isu\ated R-form Hpopolysaccha-
‘

3 rldes contain DD-heptose aned to dOclA-Hpid A, supporﬂng the

hiosyntheﬁc pathway proposed by Eidels etal. (200) “and Ginsburg et a1.
(20!.) in vmich sednheptu'lose 7-phnsphate (acting as an intermediate cf

heptuse synthesis) is 1somerized 1n the bacter 1 cell to DD<neptos

'phosphate. The 1atter is subsequent!y cunverted to its cnrresponding

s acﬁvated d(nucl_eotlde NDI?

~hieptose vmlch is, after enqlga;(g:

“docl A. . L4

2 he 1ncornoratinn of DD heptose m the core oligosaccharide uf

'pathway as ﬂ: occurs nle]y 1n ‘the outer ‘cores 1t 1s presumably an_

1ntr1nsic part of the outer core rather than a mamfestatio af

mhalance 1|| the - synthesis of “the 1m|er care.

(199) have shown that the LD~ heytose of Salmone}la::

Z‘I_uxdrogmla strain 83! 55 does nnt seem to fo'l’lw ‘the same biosynthecicv ;
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Another nertinent structnrﬂ feature 1s the presence of a free

S am1na sugar (2-am1no-z—deoxy—b—g'lucose) in tne

3 fner core (heptnse ) 5
regiun) of - the core’ ngnsaccharide. The presence of this free amino

sugar residue in the inner pan: of* a nm ngosacchaHde is rare but
. " has. heen observed in- the '. coli. (0111) cbre (39), and (1(nked in a

ccnf urnt!on the. sane as that found in, A."'

Serotype 6 core (ZOZ e

ing this study, it wa abserved th

! the glucusamine residue was extremely reslstant to narmu\ ac1d1c

15 R cond{tions. This, nbvious'ly has cons!derubly hampere. the sugar

. acid deaminatiun reactinn. lnterpretanon of the: methy'lauun ana‘lysis
K nf the oy

of _the free mlno sugar g]ucusamne, since even aft N-acetyhﬁnn nf

the amino- gruup pr(or to metny]at{on and hydro]ysis, as suggested for,
4 the wethy]atlon unalysis of glycosaminoglycans (83) no nonreduc‘lng end
group ‘glucosaiine could be detected.

However, lts neutral sugar ag1,vcon
i 2, 3 & 6-tetra-0~methy'l naptuse) was observed

2 45) Mdlcaces chat when a frée am1no sugar (hexosam'ne). ina: g‘uco or :

ga’laptn—configuration. s g]ycosldically 'aned 1 ¥ 7 or 1 +6:t0 a

gz rophila) in the Smgell .

the g'lycoshﬂc 1|nkage of K

_anﬂysis, biit the d|fﬁcu'|ty was. ovev‘ccne by appl 1cat|on of ‘the nitruns

anosaccharide has -ﬂ s0.been made difﬁclﬂt by the presence i




ga1actose, is “phage - sensi;lve. 3 & % e

he L

138 e

-8J-55 strain (see F(g. 12b), hut exhibits’ a nﬂcrnheterogeneity such. that

on'ly 35% -of the core oligosaocharldes have had al11. of the galactosy1 end
groups transferred to the m]ecule. TMs reconfirmed the Tinkage

pns!tinn of. the gal actnse end gruups on the branched DD heptnse (1.5. D-
Ga'( 1541

Hep) It is mfﬁcult m ratiunaHze the microheteru‘

' geneity 1n the core structure of' this mutant however, .a decrease ‘in the . -
',amount of the d\phosphonuclentide galactosyl-transferase :(or. in that of

NDP- ga'lactose) would lead to incomplete substitution-of .the core by the, " "

gahctose end _groups. This series of experiments involved bacteria 3

-grown well beyond the log phase (to ohtain maximum yfeld of 1ps) and the

re‘lative nutrient defic(em:y of the medium dur‘ng the, late growth phase
may hg' a tontrihut'ng factor to- the mcrohe:erngeneﬂy.

The “core anosaccharide Isolated: From the pha(

SJ-QB] conha1ns ‘o ga'lactose of* D= lycero—D unno-heptose and has the

stmcture shnvm -on Fig. 12¢. A it correspunds also to-the (nner core

of SJ-55 and SJ-47. it-is reasonab‘le tu assume tnat such a mutant

v.represents an earlier stage in-the biosypthesis of the cure. The fact

‘v’that it is phage resistant mqy indicate a 1oss of the phage receptors,

in’ tMs case probably.the DD -heptose end group, 1ess er’ly s ‘the.!

galactose énd group since the SJ-47 mutant, which_has Iost most of the: -

Isolation of .the SR- fonn from 1vs of strsln SJ 55 a'l'loned the

“the ‘core; It was shown that the galactose end grnup is 'Iinked through

its. 0-3 position tq thé terminal reducing 'sugar residue of the o-chaﬁ‘n

resistant variant X

" detenn‘lna(lon of ‘the anage pnsﬂon of.. the u-specﬁh; pn'lysacchari& on-




(umse Menttty has ot been deter-jned). -Preliminary stydy i mdicates

4 that the 5 -oles nf sugar residues adfhd 0 §0-55 ‘core ougnsnccluﬂde
(mu 27 -ﬂe. Man:1 mle; umu 1 m\e) are 1inearly 'llnked to each other,
2 ma-.m resMne being the cerli 'I mmredyclng end groq: of m SR=
~ol igusacahar(de
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