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: Xy Ruckeri repreaent a group of Gran-negative'

A bacter[a which are pathogenic to fish causing enteuc red-- N
nouth disease. Interest in the structuze and t
»hiimunologlcal properties of the cell surface poly-
Tl saccha:idel of . this~ bacterium has increased as little- is

presently known of the bionhemical basls of pathogeniclty

,of thia specin.

s 'l‘he Q—apeclﬂc untigen was Asclkted and purifi d And

i lt was ‘found’ to be composed of a trlsuccharide repeating

_unit oE 13 linked reuiduea of z—acetamido- ’ -dldeoxy-n-

n—glucose, 2-acetmido—2-deoxy-p—g—glucone.and a novel 4- .
B i

anino-l G—rlhleoxy-d (N-diacetyl) —hexose.

S - Sugdr and nethylation analyses,' periodate oxidai.vlqn hd

« and &Rh degradauon. chromlnn trioxlde otTaaHon and

X iy pqrthl -acid hydrolynis allowe the detenination of the.
: .’ : a\lgar conposluon and the positiona of linkage ‘as wel] as

the anometic conﬂgurations,

:l'he chenical structure was detexnlned with the use of

1!1 and 13C-n mer. npectroscopy in addition to: electmn*

impact (e.i.), &nd \&hamlcal 1onizatlon (c.i.) mass

y .speetrolcopy_.,_. d'he structure: was dete:mined to. be- the

1 tollwing. ) i & " R
‘1"3)-"6“92-lm)-«—n:eumw-(1~3) ;:-n-achnu-(n—»

t
# -m«e(:f\)




PR N gLy e .

2
Within the coutse of ‘this 1nvestigation, a novel mud

\A Amethod for the prep—a—ration of the artlf;cinl

neoglycoprn(:etn of

mgkng. O-antigen has Been devised
using I,G hexanediamine as the bridging arm,” which nnked
Zthe Q-specific polysaccharide to theé. ~ -aminolysyl .groups

of the bovine serum alBumin protein carrie:. This
& a:tificial neoglycoprbtein elicited untibody production in
rabbits. S . \ .=
-

P ) . _'v

A

"where sugg stands t’or 4-amino-4 s-dideoxy-4 ( -digcetyl)-
‘hexose . i
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.. Carbohydrate-containing:macromolecules, Ly e
. -Btructural analysis of complex carbohydrates @ .
. R and serological cross reactions of . G
o = " ‘carbohydrate antigens..




1‘. INTRODUCTION

The abundance of ‘carbohydrate-containing macro=
molecules in nature is manifest in almost all the life

forms. Thus, plants are known to consist of wood

polysaccharides, gums, and mucilages, while algae, fungi ~

and yeast contain their own pol&aaccharide matiices.‘ Most .

bacteria ,p,rhducg_ carbohydrate polymers.- Gly’coccnquatea'

consisting of p:otains linked t:o carbohydrutes’ e‘.g.

glycoproteins, proteoglycuns and peptidoglycans are

widespread in animals and man, -as are nucleic acida which .

‘ard also carbohyﬂrate conlaining biopulymezs.vv

’ Polysaccharide chains covalently attached to.lipids

(lipopolysacchandes, Lps). are a purt of cell wilis of

many bacteria. .. . .

H x o - (‘\
The BJ)ls of Gram-negative cells ‘are much mor

. - ; . e :
complex than are those‘ of G:’qyn-po.sltive cells (Figure,

1.1.). .Their accessury compcnents co’sist of poly- "

-.peptides; ‘lipoproteins,  and pa:ticularly, a -very complex
lipopolysac héride whose structure has be‘n the subject of
-:ematknble &chievements 1n a variety o scipunes wlthin

the las: thuty—five years(l 2,3).~
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The functions of. m_icrobiéi extracellular poly-
saccharides as storage and energy reseryes ﬁnd in -

virulence (pi-otecclon against phagocytosis) have been

known for a long time. However, their role in these areas. .

“was not cleazly undezstoud. It is now well established

that polysaccharides are- importint in biological
:ecegnition Eunctians where they (a) act aa recépto:a for

phage and bacterincins (b) act as speclﬂc xecept:ors in

eukaryates\tot viruses, bacteria, homones, and_toxina (c)’ . N\
"hdve antigenic specificity '('éai:ubl_e of ‘éon}bin‘lng with

apec;fic antibodies) ur‘x:ti‘L(d) are 1mmunogel’ilc (1ndﬁc£ng
the formation of nntlbdd!es)(A). In plante they function
as xegulutozs oE gxowth, development, repzoductxon and"

qisease. - 0 . ) e

* The -outermost->cell- ccmpoh‘ehb of bnctetia,%}ch%s—‘;i

~the ‘antigen being recoqnized, is the crucial particlpam:
in an immune :espcnse. The lpcation of mic:oblal E
polyaaccharide on the outez ce11 wall 15 thezefore the

“reason for its. antigenlcity_(s). ' These polysaccharides are

either. an 1ntegrui pa‘rt of the cell wall as in somatic

1 ipopolysaccha:!des of Gram- tive nuen

(e.q. Sa.lmnglh) or form exttacellulut cnpsules aa t:hose
of Bnegmococcus ;. flsbaiella, énd many mnm:nu_mu

The. polysaccnn:ide an:lgens are of two cluus (cha K
and Q-antigens) with the' ~third antigenic decemsnant (the;
H antiqen) being (composed of Pro,telns., The ' K unugen J.s




5
in the form of a discrete capsuleyaux:ounding the ceil.
It may exist, ulso as a loosé slime unattac.hed to the cell
au:face (enve.\ope)- The somatic K antig_en is capablé of
inhibiting \_ugglu;lnaf;ions with Q—ar}tisev:a if present in
sufficient q&antity(s). 'I‘he heat stable, amnntic. smooth
Q-antigen is covnlent],y 11nked ‘to the phospholipid
componenta in the auter membxane and is hence termed a-
lipnpulysacchulde ;' b j

-The genetal term 11popolysacchazide- (Lps) wh!ch
describes a unique category of maczo;nolecules, 15

blalagically patt Jof the most s;gniﬂcant components of

tha oute: membrane of Gram—negative bacte:ial cells and Ss ;

orten ‘used as a synonym for endutoxin.‘ The Lps plays an
“-important role “An” baeteriophage \f’y_lgng and .serological

““classifications.of the Gram-negative bacteria.

Additionall’y, the ;Lps exerts endotoxic’ activities for’

which the llpld moiety is :esponsible(S).
‘Injections of ‘slgnificant amounts.of bacterial Lps r
purlfled Lps into expe:imental an!mals may result 1nr
- luge nnge of lendotoxic reactlons. s;l'.hese effects,
contraxy to the speciflc delayed immune response, - are 1n

genaral non-apecifin and’acute and can possibly cause auch

vlgielprend_ _phen_om_enu as fevez, changes in leukpcyte =P

counts, shock.‘a’nd in some‘inatances mny ﬁé "fa(:al(7-11-) X

Mild acid hyé:olysis of Lps afforda Erea poly- =

: uaeohaude or oligosaenhulde which, vhen coupleds to

a
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* Sufis e

v oW | B | d .
protein; may be utilized for the induction.of antibodies,
which in \t%can be essentia\; in the production of

vaccines.

y 7 Three aspects of Lps hnve become of pn:ticulnr .
interest in biomedical 1nvest1gaﬁiom the immunochemistry
1
of Q-antigenic chalns‘as a basis f‘or the -diagnosis of, and

. = Lo B
2 e vaccination against, bacterial -infections; the search fer .

inhibitors of ‘the b’ﬂaaynthesi of. _core, Nructnreu.

. espacially those containlng "3 deoxy-l-mﬂnnﬂ-Z-uctulosonic
- acid (KDO) aa potential anti> !nqeccive drugs; and the
study of lipid A or its dezlvatlvea as potentiul‘
pharmacological agents in the thexhpy of ‘immune diaorders

. ana cancer(12). ° o 4 iw

1.1. GENERAL ARCHITECTURE OF RIAL LIPOPOL ARIDES

The. bacterial cell wall consists of three layers .(1i)
|

the inner cytoplasmic membrane in which complex énzymtié,

systems foT redox processes, the!synthesis’ of. complex
3 oo | )
'macromolecules and the active transport mechanisms are

).c'catedy (1) The pepiidoglycan 4‘:‘r murein layer wh‘i(:f\-

8 naintains .shape and’ rigidity of' the bacterial ‘cell wallj

(un the outer membtane contalnin;; phospholipi’d and"thn
lipopolysaccharide(n 14) (see Figure r.1.). . & )

©.r" The classical mndel for a bacterial l\lpopoly-
: saccharide {s that originally p:oposed by Luderitz et



{ al.(15) for a product isolated f£rom smooth "wild type"

strains og Salmonella. As shown (Figures 1.2. and 1,3.)
' the model _for the structural unit of a complete 1ipor
po!yaaccharida (s-form) is composed of three covalently 7\

linked segments (Q-specific chain, cc:e ollgosaccharxde,

and 1ipid A) each with its ﬂistinctlve compos!tion:
biosynthesls nnd (presumably) binlogical function,
The Q—-speciﬂc chain 15 the serologicully dominant I

pnn: of the molecule :esponsxble for its Q—antigenic
speclﬂty. It consiets of repeating oligosacchaude units

in which the ae!ological deteminants reside. It is

' absent Erom ‘the R-form llpupolyaacphuxde! isolated f:om

roughgt stralns, but ls \!auplly produced. as a hapten by'

nutants ‘in which the geneuc defect lead. to _the
biosynthesis’ of an incomplete core(ls,ls) - Generally the

Q-specific chains are madu up of repeating units of di—

tri-, or higher ol 1gosacchag1des. The attuctnre of che o
apeciﬂc chain ‘is unique to each bacterial sezctypé. o

npeclﬂc cha.lns (and core stzuctutes) contaln many unique

*or unuaual suqar constituents and 4n- the pant, many sugaru

.of anvernl .categories have been identified in various '

1ipapolyaacpha:idea(12) (Table 1.1.9:
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Figure 1.2. General structure of Salmonella
- i lipopolysaccharide. Keys Glc, R-glucose;
Gal, alactose; GlcH, n-qlucnunnm
GIcNAC, F-acetyl-D-glucosamine; Hep, g—
quc-to-n-llnn- eptose; XDO, z-luto- -deoxy
tulasonic acid; AraN, 4~amino-[~
5 aubl.nou, P, phelphlt.. BtN, ethanolamine;
and y acids) Ry

to’x. indicated ‘are hu:o-phtc R forsm -
lipopolysaccharides; A-D, various sugar
residues. Luderitz ot al(15).

«
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Table 1.

1. Constituents

ied in Li

saccharides l'xol Varioul Gram—-negat ive

Blcte:ia.
|

ina-3, §-dldeoxyhexose (2)

-
eumal Sueary . Amino_Sigars =
Penmse (3)  * . F-Amino-8-deoxypentase- (l) .
B-Umxypmms: (635 2-Amino-2-deoxyhexcie (3)
Pentulase (1) 2 d 1- lna-?)s-dld:uxyhuuse “w
Hexsze (3) \

Acidic’ Sugars

$-Deoxyhexase (7.,
36-Pideaxyhexoze (3
il

* Hexurcnic acid (2) o
: . 2-Amino-2-deoxyhexironic acid () i

3-Deciyoctulosonic acid

)

}O-Ln:tyl-&deoxyhuase (2)
40-Lactyhexose (

*('): Number of inomers ldentlﬁhd.

reference

e .J-dld:uxyhuumm:l:d (Jl‘

O-Meett me Sugars (30 -

of Lude:itz et al(12). *

i ,f,J—Dhmln

ina-d, s-dldeoxyhaxue [¢}]
0-2,3-didroxynexase (1)

z,h-Dhmma-z,w.s—trwmxyhexm @

* 2-Amino-2-desxrheptose (1)

) Nun Sgau- Cnnmmmb

zo-omyd,-gxyuuunm: acid

‘Ahmna

Lysine’

’Pyruvlc acid i -

Ethanclamine

 Por .details 'see the .

—




)

« ¥

o ‘ . 4
’l‘he cdmizlete core~ may be subdivided .into an "outer™
reglon, to whlch the Q-specific chain is atxzached, and an
'1nner' ragion llnked to llpld A.. ‘Lipid A is appatenr.ly
zesponstble for the endotoxic activitiea of the lipo—
polysucchatlde, vwhue poth the 1lipid and proximal units of
the innes core seem to be essential .for viabie bacteria. )

Co:e fractions are a of an AH ide which |

muy frequently be species speclflc but may sometimes vary
* within'.bacterial apecies. 'A‘he core ollgosacchande Xs
attached to the lipid A portiqn via a tr&sacchatide of . 2-
keto 3~ aeoxy n-m_umg ocbulosonic acid- (KDO) at the
reducing end chwngh a- relatively mild acid lablle llnkage
whu:eae I:he Q—anecific chains -are atbached te !:he terminul z
':uldue ot the ccre ollgouccha:ide. Howevex, the exact
linKage ' -Ln the KDO trina\;ha.ride ha‘:e not yet been
definitely es:ablished (LN. One of the maln'

"_ cha:actetlstics of t:he core ullgosaccharlde is Its

aubstitutlon by phosphoryl, py:ophasphotyl and .
ethanolami‘ne residues, and this, as a vhole expresses a
net negatlve charge which agpeura to be physiologically
impartunt(lﬁ) & .

. All zough (R-fotm) lxpopolysacchnldes as well’ as,
free Upld A (obtained via mild asid hyarolysis of the RDO,
11nk59u) repzesént potent endotoxlns. comparable ln
nc!;i.vlt,y to complete 1lpopolysa‘cch,arldea. This

damonstrates that lipid A ‘represents the cpmpanent of

%00
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upopolysacéh;uides.which is r ible for {ts C ic
properties. . : 2 ’

The Lps of S.ﬂlmnnllﬂ has been widely utilized as a
basic model in the 1nterpretauon of compositional and
structural data for the lipopolysaccharides of other gram-
negative bacteria. structu:al an_alyses‘of Salmonella
lipid A. have shown the fn:mula given tn Pigure 1.4, ' It
contains a phosphorylated, pg-(1-+6)-linked n—glncosqmlne
dxsaccharide, the so-called 1{pid-A- backhone, which is
partly substituted by 4- amlno—ﬁ-nrabinose and
phosphorylethanolamine. B % 15 .

n _the Il;opoiyaaccha;iﬂe, ‘the I‘(DO _oi‘ @’he ;:oze \15'
linked to ‘a hyd;oxyl_gtuup ‘of the 'ngn—:e.duc}ng
glucosamine. 'The ilbophilic character of lipid A is
prcvlded by seven long-chain Eatty acld zes).dues. "

‘In summary the general features of the "classical"
lipopalyaacchazidea can be seen in the following table.
(Table 1.2.). '

1.2. LOCATIO“, ISOLATIQN AND PURIFICMION OF LIPO-
POLYSACCBARIDES
Although the biosynthesis of lnipopqusacchaz}dei
* takes. place at ‘the icylzoplasmlc me‘mhiane and coﬁﬁlexn_

.containlng Lpa can often be lsoln\:sd txom culture fluldn,

Lps 19 easentlnlly a onent " of the istic. cuter




e
Pigure 1.4. ?ropou«f structure for, Salmonella lipid A.,
v Key: ‘-Atl“' kmino—g—nablnose; » i
N, D-gl ®-. . @-cn, _
. . thanolanine; tw. long ¢
s rchlfn futty acid ralidneﬁ(ls)




‘Table 1.2. Properties. characteristic of lipopoly-
= saccharides from' Gram-negative bacteria. ~

Cytological =

Physico-chemical

‘Structural

. Biological®

i

Location in the outér,-memb:ane of
-the cell envelope as a complex
with protein and phospholipid -

Present in the aqueous phase after
extraction with aqueous phenol.

Polydisperse solutdons with

,aq%regatea of particle -weight over
10 daltons, dissociable by

.detergents and EDTA. ‘Polymorphous

in electron-micrographs, but’often
filamentous.
with a carbocyanine dye. P

Architectugal principle: aerot)’pe-
specific- side-chain. (polymerised
itgosaccharide), attached-
-oligosaccharide '(inrer "regiodn
contains heptose, . KDO. and
phdsphate), attached to lipid A

{contains glucosamine, hydroxy‘ »

fatty acids and phosphate) - ..
Polysdccharide side-chain contains
thermostable Q-specific -antigen
determinants. Extensive range of

endotoxic activities (dependent on;

. lipid A), including pyrogenicity,

lethality, ,anticomplementary
activity. e - 4

Hypac;hr’omic s‘hift‘-

d-to core”
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\ = "The method of choice is usually the aqueous. phenul

< exceptinnal \’Ild und selectlve ‘PCP" method(zu). There "

membrane of the gram-negau‘{e’ceil envelope. (Pigure 1.5.).
How‘avex;, the outer membrane also contalijxs Various com‘mon,i B
<lipids (moatly phosphqlipids), a distinct .range of '
proteins, a specific lipopro;ein and possibly ‘Z}yco-

' proteins as well as lipopolysaccharide.

A number of extraction pmcedures fo: the Laolancn
of Lps ‘or ﬂLps prkﬁ;)n complexes have been’ described and
are Lll'uat:ated in Table 1.3. =
Thg efi,lclency of the extraction and the compoaltlon .

of the extxact depend on the prganism, the gtattinq i

matetiél (whoIe ‘cells..or 'isolated envelopes) and the "

method uded.

v\proceduregwhich yie_lds_a water soluble extract ghat_ls 1
subsequently purified via high‘-sﬁeéd centufug;tlon(is)‘.‘ i
For the R-form Lps which have reduced- water squbility,
low yields may be obtained via the phenol/water method, N

whereas superior yialds may be obtained by. the boe !

is evi;lence of carboxyl, phasphoryl, and ethanolamine
:esiduas in the molecules and it is“due to 'these !esldues
that the.Lpa} chatnct,er ls amphoter.\c and the overall net
charge 1; negat!ve. In the original  Lps. prepuation, the
negatively chuxged g:oups a:e neutr‘alized by Na P K+ Ca“’

gnd Hg -_ It has been' found. that the nat_ure of " the

cations preéent in Lps greatly influence their. state of
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Table 1.3. Methods for the Extraction of r.igopaly- -

B saccharides . LN
Treatment Leading Reference
-45% Aqueous- phenol, | 65-68°C . Westphal and Jann(19)
‘=Aqueous phenol-chlo:oiom o
light petroleum ether, 5-20°C . . 9
. (PCP method) Galanos et al.(20) 3]

_ ' =0.25M trichloroacetic acld, 4 C Staubt2l) :
-Aqueous EDTA (pH 8.0 8 55 . 37; - Lieve.and Morrison(2®) t
=Aqueous butanol .(0-. -4%¢; ‘Lieve and Ho:rison(zz)

: “Dimethyl sulfoxide, 60 c © .. .Adams(23)
=-1M Sodium chloride - 0.1M . 45 et 9 -
sodium'.citrate’ (pH 7.0); 0- " o6 Raynaud et al.(24) ~ ° <

-Aqueous diethyl “ether,: ambient &
temperature’ - Ribi et al.(25)




18 =
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aggregation, and ‘as a consequence, their biological

activities(26) . v i




"""In the course of studies éonduccedvo‘n bacterial

polysaccha}iéea, the _egdstence‘ of complex and immensely

diverse patterns of polysaccharide chka,',lna has been
. E

revealed. »The 1mmhnological sérological and phage ~

réceptor properties of bacterial polysaccharide. chains_' are
usuul],y’ expressed through teqions known ‘as antigenic
determinants(27-29).  For the elucidation and the

'detlnition of any oné structure .of such complexity, the

..use of\a cambination of different ‘henﬂcal analyaes is.

_necessuy. These include the qualitatlve and tjuantitative' \

iestimation of the component sugars and analysis for the

"presence of non—-uugar subatltuents (Q 'or N-acetyl,
phosphut&, pyruvic ncetal etc.). 'The:eafte’x, the
determination of the - position’ of linkag('a, the glycosidic-,
conﬂgu:atlan and finally the seguencing of .the augars in
the polymer-have to be embarked upon.

The 1iteuture d.escribing the Eechniques uaed to
achieve these :equirements cannot- be reviewed. adequately
.in a‘ dlacuselon of thla nutuze. Therefore, nnly the

’ ,techniques used in the course of this work will be
ducudsed, with .an attempt to refer to the lntest critical
i revl&w »—and., to \lpdute the applications of those
btechniques fox whlch signlﬂqant 1mp:ovements have been

rouently mada. . 5 ® < "

~
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2.1. SEPARATION TECHNIQUES

Purity is an important factor in the unal}bis of any:
compound. “{The -ﬂ:st step is to ‘obtain the pﬁlyaaccha:ide
in pure f tm.,‘separ.ated-from contaminants.: Column
chromatogrdphy (gel-permeation, ion-exchange, affinity)
has been shown to‘Be a bseful tool for, the purification of
crude polysaccharides. To obtain _lnformatlnn on thﬂe
.constituent sugars of the..pglysaéchar‘ide and its

;‘dég:ada_tlon products, sepur;tion of the mix}:ure;a into

individual campodénts is esgentlal. Gas-1iquid chromnt’o-'

'>§}$phy, 'gél- meation and i ige chr

. all useful techniques in sepazating the mixturés of- sugars
.and threir de:ivatives. Some applicuticns of these
techniques are described briefly in the following ect;on.
2,1.1. Gas-liquid ch:omat_ograph} (g.1l.c.)

are

Structural studies are based initially on the . -

identiﬂcat!on of the component sugars. .Gas- liquid "

__chr aphy is instr 1 in the separatlon of a wide
zanée of sugars and its use in carbohydrate chemistry 1d'
extensive. This teéhnlque is based “on the distribution of
volatile components between a mobile gns phase and a
stationa:y adsorbent’ phase. The natu:e of. the atatlona:y

phase affords Belecuvity and a vnniation in polatlty can .




i % 21 ! .
lead to be-:te: separations of the sugar derivatives(30).
Since carbohydrates are nan-volaglle, ea}ly studigs were
ca‘r'ri‘ed out .>on the volatile methylated methyl

glycosides(31). Cuoaversion of sugars into .their VO}Btile

~txlmet_'hy1 silyl (TMS) derivatives(32) affard‘ed' new -

applications of .this technique for identification 'o_f
s;qats. Although the TMS derivations-are easily form;d! -
the. exlstentl:e of anomeric _foms. of sugak 'at‘equilibrium '
yields a cqmiilidnteﬂ chro;ﬁatnégaph of multiple peaks. :In
an A'ttempt lio ovéwome this problem, the ucyclic eugar
alditols were convezted into volatile ncetates, tti—
fluomacetntes or brimethyl ailyl ethers. Since the‘

trifluoroucetates show puxtial de-esterlfication on the

.colqmnq an_d the TMS derivatives tof. the aldito_ls showed

_poor separation(33), the- readily formed alditol

acetatea(34) “have proven to be the derivatives of choice

hav:ing good resolution 'and”short retention times. In .
recent times,’ g.l:c. ha:s ‘been ’coup’led‘ ;:_o mass

Bpechrometzy(is)n For this application, alditol acetates

nret pazticui‘arl‘y’ useful since they yl‘eld simpler ma‘ss

spectra -than the‘othu ;iérlv;tives useci for g.l.c.

{ Conventional pncked columns made of non-polar-

_ stationary phase (e.g. sincone gums- SE-J2/ ss—au, XE=60

" and carbowax) glve good separations of THS methyl

— _glycosides, but nots of alditol acetates(36). - 'Base lire :
!

!epnutinne of mixtu:es of many unal.kylated and alkylated
5 N




22
alditol acetates(37) are possible on ‘columns made up of

.ECNSS-M (ethylene succinatescyanoethyl silicone copo!ym‘er)

] " - 3 ’
and. SP-2330 (75§ lcyanopropyl silicone) which are polar

fused sifx::aqlcapillary columns and are thermally stable at
h}gh temperaéuzes (up to 350°), give gooc!rzeéolution, and,
most’ importantly, can detect samples in the microgram
range. Chemically bonded phases for fused silica cqumn’s
have l;égn obtained by covalent chemical bondiq{q both.in
the .form of -cross-links wit'hi'n the polymer as we,‘u»‘f;

bonds from the phase to the silica aurgacé. Such phases

have dramatically increased the capacity and dynamic range N
bﬁ_ capillaryfjcoluins’ without a sacr‘_[iice' in resolution: ;

studies."on uldit:él acetates of amino sugars have keveulsd.

that shorter retention times are obtained.with non-polar
‘or pedium- polar columna, angd that chemically bonded
capillaoy columns give better teaoluuon than conventlonal

."columns. DligosaCChatlde alditol acetategi34) and

peralkylated ollqosaccharide alditols(38) cal also be'

sepaxated by this technique. Therefore, the uag‘ af’

g.l.c., alone qr in conjunction with mass—apaci:.ometry

(gsl.ce-m.8.), is8 a powerful tool in tk}é analysys and - !

sequencing of -ﬁolysaccharldes. s

2.1.2, Gel. ion and 1 hange ¢h

Gel P ion i . is also known as gel
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£iltration, &r molecular-sieve ‘ch!omataé‘{uphy. As the
- "' names imply, the methqd' is 'based on fractionation:of
moléculeg of different sizes on a column consisting of a

gel of a @htee—dimenaional network. The smaller molecules

penécfate further infd the porés of the gel than do the

larger, and are retained.longer on the"columq. The larger -

s moieculea are thereby eluted first. " The applications of

- this teuhnique include sepuatiann of mixtures of

oligosacchatides, puriﬂcation of pclysaccharides "and the |
- detemination of molecular weig}}ts(:w)\ Amino. sugars and

amino acids un alao be separated from neutral eugars e:

polysaccharides using' ion-exchange resins. 5 H |

; o T >
\'2.2. SUGBR ANALYSIS ° : = s

2.2.1. Total hydrolysis’
L The hydtolyais of a polyncchazide 1nta individnal
monoaacoharides with minimum - ieg:adatxon 1s the most
1Aimportant step in-their analysis and is pezfoxmed
’quantltntlvely. However, the total hydrolysn of poly-

saccha:ldes,\bnrticulaxy those with resistant glycosldlc

. nnknqes, is. a more difficult operntibn. . Bydrochloric,
sulfprlc' and-trifluozbacétic_ acid\s are commonly used in

hydro}y'au.and are auffiéiapt to comz}).etely hydrolyse -a

neutral polyi Y mafxn;o its mo kic sugar units.  In"

I




£he piast, identification of the constituent mono-

sacchandes released during acldlc hydrolysis were _
characterized with the use of paper chrmatography and
- thin- layer chromatography (t.1.c.) (40). . However,

qua‘utative and qu&nntat'lve analysis is now more

frequently performed via g.l.c. and g.l.c.-m:s. of ..

. suitable dérivatives(ll). 'l'he sugars are uau'ally
transformed into ncetylated aldltols or aldonitriles.

stereoisomera give slmilnr mass spectrn and when this

informatign is coupled with relnﬂve retention times ‘on 2

g.l.c., identification of the individual sugar is pos-

sible, with the exception’ of absolute .configuration(40,

5 4a1). g &
2= . 3

232.2. Bydrolysis with acids’

As mentioned. earlier, dep;lynerlxatlong_of poly-
. saccharides have been succ}e’aaf’ully ecarried out* using'-

‘sulfuric and hydrocr119ric acids. . .The latter may be
4 . . A removed by‘ x'lolatllizati_o:n. However hydrochloric acid

.uaually céusea more degradation of gugars than- sulfuric .

acsd and, therefore, the more volatile and eaally_

removable truluoroabetlc actd(42) is being used more

. frequent!.y as cnnpared to the mineral acids. Prellmlmry

hydrolyshtthh acecic acid(n) has been helpful in

:avordi,ng u—deacetylatlpn of amino sug_ars, and forntc acid
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is .g6ometimes 'useﬂ, in golubilizing methylated poly-
.salzlzhaxldes(dé). Anhydrous hydrofluoric acid, beinq mild,
does not remove the N-acetyl qtoup from acetamldo groups,
and ‘is thus able to hydrolyze amino sugar c‘ontaining
polyaa‘cchaﬂdes quantitative ylelds(45).

The use of )on- exchangi resins ‘for hydrolysis is.
popular in the ifld of glycoproteins. Tl;e resin may be
used alone or  with mineral acid, the best results being
obtained in conjundtion with hyd:nchlorlc acid(37) . »Some
s\fgazs’ are more acid 1a_b_!1e than others, fq: example 2-
amlpo_—Z-éeoxy-spgars and uronic acids are more re‘sistunt
to hydrolysis th}m neutral sugaré. Devxy-sugars, ketos@:s,‘
&nd sialic acids .are exéxemgly,lab{le and are liberated by
mild acid on.sho:t,eximsmre. ' One of the problems in
hydrolyais is in choosing ideal f:cndit’ions.. In many
cases, no one méthod will cleave all the q’lygo”s’idic ~
unf(agea quantitatb}ely‘ The "ise of stzbng acids. (e.g. 4M:
HC1) (46) to cleave 2-amino-2-deoxy-sugars usually léads to
the dégradhgién of deoxy- and keto-sugars. Hence analysis

u‘suQHy différing acid _stré‘ngt‘hs and’ exposure times are

~

necessary in ordér to oBgEaln’!nfurmation on all the sugars .

present. i
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2.3. ESTABLISHMENT OF LINKAGE 'POSITION %

2.3.1. Methylation analysis

= -
ethylation analysis, developed by Haworth(47) is:

still the most .important single method in structural
carbohydrate chemiétry.- The technique is based on the

pzotecd“cn of free hydroxyl groups of a polysaccharide by

ethetif}cation, which aétp as a label' in determining- the"
‘»originavlly unmnkéd pas‘itlons of a sugar on its relen’s’e bj(
hydrolysis. Sepa:ution as their pun:ially meﬁhylm:ed:
aldh.‘ol acetate dexivatlves by gas-liquid chmmatagraphy

and identification by g. 1 c.-m.s. gives an insight Snto
the types of linkages- existing m the .pokymer, but not of
“the sequencing, br .the anomeric nature of the linkagess
bue to the {nsolubility of high® molecular weight "0~

séecific ¢hain polymer in orga'nlic' solvents, the method of

Haworth(47), Purdie and Irvine(48) and Kuhn(49) required

several steps “to achieve complete methylation, where;\s now
\;he Hakcmori |}§5‘hy1ation(50) aehleves completgjmethylution

‘in ust one etep. The. latter method eonaLsts of treaunq

olysaccharide in dimethylsdlfoxlde with the union of
sodium methylsulfinyl methanlde and- subsequently with
“methyl iodide(50). The- Hakomorl methylation, unlike the

Kuhn and Pnrdie procedures,.can‘not be used on a

A,polysacchatlde confaining alkali labile sl_xbutlt_l;cnts ,wh{ch




- % . “ 27

m\ethyl'tr1£1uoramephanesu1fcnate in trh.n;thyl phosphate,
_ussng 2,6-di- (t-butyl)-py:ldlne as a proton scavenger is
an excenent alternaclve(.’ul). The methylation analysis is
based on the ability to fractlonate aﬂd characterize the
par’;tiall_y methylated monosaccharides generated by the
hydrolysis of the fally pethylated polysaccharide'.
o & ﬂydrolysls‘ of the methylatedl polymer ias usually pe:for;ned
’ wft‘h 2M trifluoroacetic acid in an ‘ovgn at 100°¢
o;'e\niqht.- Uronic acid containing polysaccharides are

carboxyl reduced before (carbodiimide ‘reduction) ‘or af,l‘:e:

i

(lit:'hium al\imlnum hydxide) the pemethylation step. )xmino

‘auga! contnining polysacchuxldes show better ‘results with
‘2M hydrochloric acid’ at 95 %c . for 4- 5 hours or on
acetolyais(52,5_3) wh‘.l} 0.25 M sulfquc acid if 95% acetic
acid at, EO%‘- f?_r & hours *ollowed by dilution uit}} water

and further heatlnb for 3 hours. Prolonged hydrolysis for

liberation of glycosamines leads to degradation of néutxa_l

sugars, &nd demethylation, par!:i‘cularly Gf 3-linked

= perr;\ethyl‘_ated. g&lactose.

i

" #2.3.2. Characterization® of methylated sixga}s J

The technlques Eop—se-paratlng and identifylng

methylated sugura have évolved to. the poin: where annlysls'

by gas- 11quid chromatography ‘(see section 2.1.1.)

should be preserved. In the latter case, methylation with
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dominates all others:. -

* The alditol abetate derivatiwes of the methylated
sugars are used for .l;(;Ke than-any other” der.lvutive dué to
the simplicity of the chromagoguns obtained and ease of

§= qnant!tation.\ Reports on methylntion annlysls con?&i«nlng
gelatlve retention eimes_ on’ cnpulary g.l,c. columns are
numeroua(54) and many mass apectra‘of éhe methy‘hted
alditol acetates(55) hawve been publiahed. ’I‘he use of

& paruauy 'ethylnt:ed alditol acetates An ident!fication of

¥ ' sugars. is useful in aeparating miqara_, that ‘are unresolved

as thé 'pa:t'nlly mel:hyluted derivatives on 'the g Jl.c. as

well as -in distlnguishing from ulready exlstlng methyl‘

ethezs._ S LA . %% ) . L

.+ There has .h.een consiéeﬁhle efférts in the analyaia‘ ot
L3 of- the amino suga(s ‘and the xecention times an& mass ‘
spectral data fox vu!oua nethy;und dezivativea have been
tep?rted(SJ,ll,SS—GO). 'l'l_ne amino sugar* de:lvativles have
longer retention £imes than the correppoqding neutral

sugars. .. o |°

) 3
'me appearunce of 'spurious penkl hn heen attributed’

ta’ contamination by phthalates which can be differentiated’

by theit characteristic peak at m/z 149 on maés\spgctnl 4

analyaia. L ' /
Ide.ntlfication oE derivauves is poaaible by

= comparison of retention times ‘with known values on ‘various .

. col'uina, or by coelut;io;\'with authentic samples, folwyed
s - - o %



i 29

X by conflrma‘ti?n of the substitution pa‘ttern obtained on
Eall -

2.3.3. Applications of masé spectrometry

o

. E
Y T i A mass spectrum consigts of a plot of the relative
intensiéléi of gaseous ions fon‘ned by ionizatioh and
| subsequent fragmentation of the volahliud molecules,

against theh masa-to—charge ratio- (m/i), Different types

- ‘- of 1natrumentation can be used to record mass spect:a.
-'!l'he ‘inlet. can be elthex a hot :eaetvoir inlet, a direc;
pmbe inlet, of a g.l.c. inlet (g l.c.-m.8.). Ioniz‘at'xon

of the _moleculen can be affected by elfctron_impact =

|
. f techniques (e.i.),- chemical ionlz;tlon (c.i.)(61,62) field-
%

| desorption (f.d.)(63), field ionization [f.i.)(64), or
| fast atoi\r_:i'mbardment (f.a.b.) (65, 56). , )

| . The. non—volatne catbohydutes are analyzed uaually

) n t'heh volatﬂe derlvatlves. The. Engnentauon patterna

] depend on the stability of the fragnentn produced. -and are

chuacte:latlc of the de:ivatives. stereoisomexic‘

‘\derlvatives usually give near 1dent1ca1 mass apectra with

’vsty small differences in 1ntens!ty. Thus, thia techniqub

i doas not. pemlt uuignment of conthuutian. S
_ The electron-!mpact. techniﬂue is the enndard method-‘ s

used in "the analyua co in this_ 1 . 'The

Mgh Lntenllty (70 ev) ben ofrelectxons used leads to

- - s
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-acetylated and pa:tially methylate_g/ A11 thes
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extensive fxaqmentation ‘of the molecules and reaulta. in
little “0r no molecular lon peak. Molecular ions and
lurger fragments can be obtained by c.i., f i., and f d.
mas_s' spectrometry wHich favour minimal fraqmentlanon.
F.a,b.-m.s. is bego!nlng mgre interesting because_!t 'has
the ability to give both molecular weight and fragment
data and can be used in analysis of unmndlsie-é
carbohydrates and glycolipids(67). '

2.3.3.a. Characterization of monosacéharide derivatives

Direct derivatizatio’n of manoaaccharides by
pemethylatlon, peta‘cetylation, pe:tx!methylauylntlon-
resulting 1n‘anomeric mixtures of glycosides has,been
Studied extensively(68,69). ’ )

‘Alditols are of morg hl;po:tgnce. than other
derivatives due to.the ubsghlce of anomers 'and ease of

s’eparation on g.l.c., and ghéir. mass spectra.will be

The alditol acetatea of interést are the per—

derivatives -show no molecular ions, ‘and.those hav!ng the

same subatitution pattetn glve slmlla: mass spe/t that

‘are typical of the substitucion pattern. /P{ Lnsunce,__

the mass specttum of' n-gluc:tol hexaacetate. is

representative of all pencetyluted hexitols and that of
.

4




1, 5 -di-Q-acetyl- 2.5 4, 6 tetra- Q—met/hylglucitol is
¢ DR identical to any 1,5~ dA Q_—acet:yl 2,3 ,4,6- tetta o-.
y \rmethylhexltol (eigure 2.1.). : .
The fragmentation pattern simply consists of prgmaxy

fragments zesulting from a-cleavagemf the carbon: atoms in

the alditol chain(70), the intensities of which decrease L S
with incxeasing molecula: weight. Secondary iéns are' ol
obtained by loss of acetic acid (W/z 60), ketene (m/z 42), X,

metﬂanol (m/z $2) . or, acetamide (m/z 59) (see Plgure
2020w . : ' .

‘The fission between cdrbory’ Et_oms is governed by the-

o o stability of the resulting radical, the methoxylated.
radlcals being more stable. than acetoxylated zadicals.’
P:eference of hond cleaVEge decreases in the followxng
order with no. observable cleavage between two carb,on _a;oms~

if either one is deoxygenated(71).
Me .. * ) " -
: I ) N TP P
~C-N-Ac —C-N-Ac -C-0-Me -C-N-Ac ~C-0-Ac~ )
£y N p > . >
~C-0-Me - ~C-0-Ac - '—f-o—nc =C-0-Ac ., . =C-0-Ac"
| : i & |
The primary f‘uqmengauon of amino aldi_éo} acetates

Cis ~lax:geﬁ[ goveﬂ{ed by the acetanmido groups(43,56-60,72).

£, < o Tha: ,éeéondhry- Eraqinenta Sre formed as i)'teviously described

(Figure 2 ) Pattlally methylated amino aaditoll

" acetates’ Bhov flssion alnost exclusively between the’
»' % methylgcetamido .group and the ndjaue_nt |_nathoxy or a{:etoxy

¥ '
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Figure

2:1.

!an spectra of (a) hexitol hexaacetate,

- and (b) 1,5-di-Q-acetyl-2,3,4,6—tetra-Q~ -

methylhexitol (54).
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Pragmentation patterns
2: itol

OAc
360
a2 HCN!‘U\C
144 A2
€0
A=°<|=H -59 -60
HCOAc 259 258
\l -60 -59
HCOAc 199
L -60
CH,0Ac ~ 139 9
(a)
CH,0AC. £
I d 202
HCOAC 225"2
| . 42 60 42
5 Ao 288 186 — 144
216 | =89 228 "zl e
o -60
w  HC0AG 168 —+126
60 -2
CHOAC . \

‘of (a) 2-acetamido- -
and (b) 3~~~
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groups (55,58,60). For the amino sugars; 2-acetamido-2-
d‘soxy—hexo_aes, 2-acetamido-2,4~-dideoxy-pentoses and 2-
acataido-z,s-dlggoxy-)ggxoaes, the primary frag_m'e’nt.v(m/z‘
‘ 158) is formed Sy fission between C-2-C-3 which yields" the.
secondary fragment (m/z 116) (formed by loss of Revtene)'.
The latter fragment being _stronger’ vthun the usual base -
p‘euk(ﬁd '/uf CHJ_C-U (m/z. 43) (Pigure 2.4.). Similarly,
‘the same- situation -arises with 3-amino-3-deoxy sugars(’l!) )
but "the fragmentation pattezn -is governed by the fission
between Q—z-g—‘s-g—4_. _Thus g.l.c,—m.s. is an invaluable
tool" in' the analysis of amino suq’am and methylatved" o
derivatives. A )
Labelling studies with deutérium to dete:m.ne the
reduction result in derivatives where the masses are
sh!f:ed by one unit when mpared wit}{ i:l_me undeuterated
‘derivative as ‘shown by g.l.c.-m.s. ' ‘Reduction of uronic
acidé;’wlth deuterides followed -by g.‘l.c.-{n.s. analysis is
usefu];{ h) distinguis‘h’in‘g the ac%dlc sugar from the‘
existing neutral sugars. i ‘ S W " mi
The ldentification of uldonlttiqes and n\ehhylated
aldonitriles by .1 c.-m.s.(ﬂ) is useful in the .
detetml'pitiona‘of the degxee. of polx}ne!lzatlon of
ollgbaucuﬁaiidea. The 2—amxno—2—déoxyhex,osea ‘najving' ihe
-g]‘._uco-’conf‘lgura}t,ion ;t c_—i (é.g. glucosamine a’nd
galactosamine) forh Z,S—Qnyyd;ohegitols upon
dednination(75). G.l.c,-m.s. Of tie methylated anhydro -
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alditols(76) is wuseful in further T;onnmat_xen of the

linkage position of the original amino sugar.’

! @
“z,g. SEQUENCE OF SUGARS

2.4.1. Partial -hydrolysis
‘ o ..
isolatxon of oligosacchariﬂes génezated by partial
.hydrolyais 18 'a major key to the el\ucidation of ‘the
sequenue of’ sugars in a polyaaccharMe. The method

exploits. the acid labillty .of some glyfosldic -linkages

over others which are m’o:e resistant to'hydfolyais.._ l‘he"

rate oE hydrolysis is affected by severaﬂ. factors which
.1nclude the ring size; configuratlon, uonformation,
posl.tion of linkages, the polarity of the sugar as well as
the axze and polarity of the aglyeone(77). Hence &.r,(is
difficult to slngle out, one factor’ in order to explain
obaerved differences in hydrolysis :ates. ‘ The following
generallzation cu/be made for brnad clussez of sugars:

2 (l)A furanosides are more,labile than pyrano i?es._

(_H.)‘ deoxy: sugars —;nd pentapyranosides are more easily

‘hydrolyzed than hexopyranosides.

(111) o~glycosides are generally more llab;le }:hann- .

dlycosides. . .° L ‘ X [ .

“(iv) 196 glyensidic linkages' ate more resistant to acda -

‘.hyd:olysls than até L-M und M, witl\ 1-»3 linknges being
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the, u’om: easily hydrolyzed. & ‘l'aminal non—reduclng sugars

and those in side ehuns are more easily cleaved than xn—

chain glycosidic bonds.

(v) uronic acids and 2-amino-2-deoxy qucosl'den' need

strong conditigns to effect hydrolysis. ’

(vi) 2-acetamido-2-deoxy glycosides are easily hydrolyzed -

if the hydrolytic conditidns prevent formation of the acid

resistant Z-aminb—z-decxy‘dgtivutives by u—dncetylu't‘ion.
In some l.nskallwes, hydrolysis under non-aqueous

condi}:ions }s necéssary to preserve ;:grtuin ilnkaqea 'orr to

avoid. deg:;dat;oﬁ of more labile sugars. Nornmal

conditions of hydrolysis degrade, ,ﬁ-anhydrnhax‘(oau,
sialic acid and KDO. Similarly neuramjnidase Can also be.
used for this purpose. In such ca methanolysis,

acetolysis, trlfluoruacetnlysis‘, _or mercaptolysis is

favoured. N-acetyl h : i aining oli rides
" and gly‘cocbrijugates are degraded by trans—amidation-during
trtfluozoacetolysis(78).— :l’he degradn’:ion occurs by a
process in which the ttfﬂunraacetyl groupa stabiuze the
glygossdlc Adinkages of the sugar xealduea, and subsequent-
ly c}eave the peptlde (amide) bonds(79).2 .Anhydrouu
} hydrogen fluoride is capable of cleaving glycosidic
}lnkagej. 6f amino, neutral und acidic sugars wit\hm
degrada;:lon of the sugars(80). Thgs reagent is uu.eful in
'quantitntive anal)"ail of polysaccharide‘s and in cleavage
os'édgara from glycqp:oui.na leaving t}:e peptide noL;ty
intact(80). iE ¢S ) R
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2.4.2. Periodate oxidation*and Smith degradation

Oxidative cleavage of 1,2-diol groups(81) by sodium
metaperiodate(82) or leud cetraacetate(eé) lsﬂ of
analytical importance in st!uctuxe determinations of
polysaccharides. Oxidations are usually carried out in
uq‘ueaua me& with the wacer aoluble metaperlo%ahe xon,
lead tetraacet@dte in acetic acid being. used .only in
instances where the g@ytéacchauée is insoluble in water.

Periodate oxidation is a quantitative reaction; each
1,2-d101 consines' one mole of periodate 4nd is oxidized to
an aldehyde by cleavage ‘of the carbon bonds. 1,2,3-txiols
liberate formic acld(lu) by double cleavaqe of the carbon
chain, and exocyclic diols p;oduce ﬁomaldehyde(BS), the
products’ being ‘analysed by titration and colorimetry,
respectively. The reductioh of the periodate ion to
iodate can be monitored by titration or specgrophoto-j

met‘xi’cally(“).' Subﬁtituted_r‘ings are oxidized in various

ways. The "polyaldehyde' produced may then be reduced

. with sodium borohydride’ into the. polyol and.hydrolyzed.

The products Jf such a seties of reactions can.lead to
lnfozmation‘on -the original substitution pattern (Figure
2,505 8% ¥ ’ . ' :

The rate of oxidatiror; -varies according to the

.

configuration of the glycols. It is generally observed

- that open chain glycols are oxidized. at a faster raté than

cyclic cis-glycols. Cyclit trans-glycols are oxidized
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s
‘more slowly or not at all if.fixed in an unfavourable

conformation as in some bicyclic anhydrohexoses(82).
Bugars containing free amino groups are oxidized if a

1;2-relationship between the free.amine and\a free

hydroxyl group exists. An acetyl group on the amino or

hydroxyl function prevents its oxidagion. Hegce a 2-

tamido-2-deoxy-gl ranosyl unit is oxidized only if

it is te_rmh{u in a side chain, or linkgd at position- 6;

in Both cases the 3,4-diol h; the, active participant.

‘Under-oxidations invo_;vi'ng' amino sugars results Eron’\

hydzogen bnnding between .the acetamido group and ‘an

. uxidiznble hydroxyl group on, the neighbouring sugar
resldue(BG 87) (Figure 2. 6 ). i . L

. The mnst 1n\portant uppncation of the: periodate

oxidation ‘is in the Vgeneration ‘of ollgcsaccharldg

fragments which can lead to conclusive structural evidence

J-/m a polyaacchn‘rlde. The Smith degxadatlon(é&) involfe
nild acid hydrolysia of the polyol at :oom temperatuze'
whereh\ the ucyclic acetals are cleaved in pzeference to

* the more resistant gly»cosidic 11nkages. A typical
sequence of per.lodnte oxidation and Smith hydrclysis is .
shown in ngre 2.7, Y )

. 2.4.3. De‘amination of’ a;ninq sugars

Free amino group'e in sugars can be ‘deaminated by




Pigure.2.6.

Proposed scheme for inter-residue hydl'oqen B
bonding between acetamido groups and'
oxidizable hydroxyl groups preventing the
oxidation of the 4-linked ﬁ-glucuronic
acid(s6). .
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nitrous acid to E_o_rm various derlvatives. Since .most

polysaccharides contain N-acetyl groups, N_—deaéetylatlon

is.essential prior to dgamsuatiom Hydrazinolysis with

anhydrous remgent in the presence of a catalytic amount of

\ > hydrazine sulfate(89), or treatment with sodium hydroxide

i 3 aqueous DMSO with.thiophenol as an oxygen scavenger(90)
results in- removal of the acetamido function.

i Depending on the position of the amino group ul:fd its‘
configutation, the deaminatlon p:ocess fo;lowa a basic -
patterm Bquatozial amino functions at ppsltlon 2 of

Wmeoumne) result in the formation of

2, 5‘anhydrohexoses. Thus‘\élncasamlne is converted into

L 2m5- anhydromannase(75) “and galacr_osamine 1n!:o '245-

unhydzotalose(n). These occur as the major products
tesulti_ng from the ring contraction which gnvolves the 0:

., C=1 bond migration, inversion of configuration at C-2, ‘und
:, P subsequ‘ent ‘cleavage of the glycosidic linkuqe. }1 small
amount of 2-C-formyl pentafu;anosi e is foried -by an
alte‘rnéhe rinrg‘convt-raction involving thevpazticipation of

the Q—J - C-4 bond as shown in Figure 2.5.‘ Axial amino
funcgic;ll'As at p_giition 2 (e.g. mannosamine) deaminate by a‘

simple ;n'echanlsm with tepigcement by OH. -This results in
inversion at C-2 without a change-in ring sige or cleavage

of glycosidic iinkagea(ﬂ.) # ’ .

Elexoaes_ containing equatprial»amino functions at

position 3 deaminate to form two C-formyl pentafuranosidgs
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. i . 2 l ~ . OHC _O.
HNO, R
. H
7 HPH -

a~L-Rhag~ (1+2)-a~L-Rhap~ (1+3)-a~L-Rhap~

a-L-Rhap- (1+2)-a-L-Rhap~ (1+3)-a-L-Rhannitol

Figure 2.8. " Deamination sequences of some’ amino sugars. (75)
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without rupture of any élycosidic linkages (Figure 2.8.).

The major '.pr.oduct is formed by the n;lgratlnn of the- C-4- ;
C-5 bond. The furanoside from.the involvement of - the (‘;—1
I c-2 bor:a is produced in small yield to lower
. nucleophilicity of C-1 which is bonded to two oxyéen
atoms(92) . However, there have been several unsuccessful

L 'attempts to deaminate 3-amino-3,6-dideoxy-R-mannose(93).
5 N

2.5. DETERMINATION OF THE ANOMERIC conncunmlz;hr
LIYRAGES

2.5.1. Nuclear magnetic resonance spectroscopy
The ‘use of proton and carbon-13 n.m.r. spectroscopy
is a vaiuable tool in the determination of \:he‘conﬂgur—
ation of unknown carbohydrates and for ascertaining the
conforrv[éqions of known sugars in solutions. This
technique can be used in polysaccharide analysis only if
regular repeating units exist, making a uniform,
homogenous polymer. Rnndom’s‘tzuctn_xrés result in bro;d
- lines‘with less information and poor resolution. Thus the
sharp signals in the spectra obtained £°F bacterial
polysaccharides serve as progf ‘for the reqular repeating-

‘units present within them.

@ N
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 2.5.1.a. ‘B-n.m.r. spectroscopy
Proton magnetic resonance (p.‘m.r.) spectroscopy is’a
firmly established, widely used technique for the
structural, configun.tlonal, and conformational analysi‘s
of carbohydrates and their derivatives. sinco’lthe first
application of p.m.r. to carbohydrates(94) almost three
't‘!’ecades ago, rapid: progress has been made in

instrumentation and technlqugé'used. The introduction of

based on ng solenoids have increased

the field strength available, the:eﬁy» enhancing ‘the
resolution.of the spectré (nqtably for polysaccharides).

Fourier-transform techniques n‘e important in enhancement
of sensitivity(95,96) especiuly in averaging signals from
dilute ‘sample or from nucleii of low natural abundance
(e.g. l%c,lsﬂ). Otheg recently evolved metho_da include

the nuclear Overhauser effect (n.O.e.), internuclear

double- and. triple-resonance techniques .and many others.

Many of these methods have limited applications in

po,lynccinrlda analysis due to the complexity of the
spectra. ’ngh field lg-n.m.r. spectro‘scopy is
advqntagaoua in contormationa). ana'.lysis of both
polyaacchaudu(97) and glycoproteins(98). The use of two

dinsnslona] hono—rnnd _hete:o-nucleuz n.m.r. glvel . _';

’ enharcement of zono]:utlon. These uethodn are valuable in

obtalnlng\ co\lpllnq lntor-atlon and assigning chemical




shift values(99).

Interpretation of the n.m.r. spectrum requires
measurement of various parameters.
(1) The relative areas of integrals of individual

The number of protons resonating at each particular
frequency is. proportional to the area of the signal
produced. Thus the integrals are- indicativeé %f the
relative number of anomeric linkages, 6~-deoxy sugars, u;d
N~ and Qracétyl group aubstitugnts present in'a sample;
they also ihﬂicate the quaﬁtltative amounts of reducing .
sugars including byranosq'and Ehranose_fotms in mono- and :
oligo-saccharides. "
(i1) Coupling constants

Nuclear spin-spin coupling constants over two
chemical boﬂds are designated as 2J(Nl,Nz), and over three
bonds as 3J(N1,Nzi. Couplings for vicinal protons are _
hence expressed as BJH JH,® These are-particularly useful
in determinihg the cd:figuzutlon of ;Ee protons (mainly
5nomeric)>because of the existing relationship between the
vicina{ conliné constant - (J) and the dihedral angle’?o)
between the protons. ' T

’In ; first order gpectrum, the magnitude of the
cdqplinq constant can pe detexmlned‘dixect}y from the
spéctrum. Large vicinal couplings (A/B—ID‘H?) lpd}qsfe

“antiparallel protons (diaxial, dgq

Y. whereas small vaThes




(~~2-4" Hz) are typical of ‘pxotons in the gauche form

(diequatorial, J and axial-equatorial, J,.) (Figure

ee ae

'/2.9.). The coupling constants of anomeric protons are
thus useful 1n_estab11$h1ng'the configuration (a,p) as
well as the ove’tan conformation (pyranose, furanose,
chair/boat forms) of the sugars.

Geminal coupling of the C-6. protons (2‘711 " ) in
5 . 6A’"6B

- pyranose forms are usually not measured becaque the signal
.is ‘hiddewr in the ring protori region. rﬂowever‘ the‘p:esence‘
of a‘ functlonal‘gtoup fndetate, ‘fl.;: exainple) could enal;le
meusurameng of this coupling cqns‘tant'by causing a
downfield sli_ift of. the ,,a!.,gna).,é_,” ~Tﬁg coupling cbnsgants

: vfor.gemlnal protons are usuallyﬂ much iarger (> 8 Hz) than’
for vicinal pr?tons and‘ sometimes .are ?f negative
sign(l_oo). They are more usefﬁl in-determining conform-

* ations of pentoses imt the pyranose form.'
ii1) ' chemical shift

The Chemical shifts of . protons depend on many
factors. _'substltution, orieptat*ion of the molecule,

‘alectronegntlvlty effects of neighbou:!ng and distant
groupiggs, and the naturé of the aolvent can induce
protons to resonate _at dlffez_ent field strengths. ' A
polynaechar.ld‘e spectrum cor\talnsf three major regions: a)
the anen;eric region (6- 4.5-5.5); b) the rlng proton
region (é=:3. 0-4 5) and c) the high field reglon (6= 1.0~
'2.5) (Figure 2.10.)- '
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. (L6) “sopfaeyooesitod Jo I..wuuanu “icmtu-g -
aq3} uy suoybax TP JO uof £l 20T°Z @anbra
- \ ‘- .
. .o 2
e
&’ : Ve v snen £ v L S L\
a ! l B :
. _ _ : | , i, | -
. [siwanaie ] al e , . N
vy 1 —ll-- e g Teererd Veia Y ‘e
»» "
. # .
. - \
i )




4

52

The direct -shielding effect caused by the :‘1ng-—
oxygen atom in carbohydrates accounts for the
characteristic low-field shift of the ‘anome:io ptotonb.
As a general rule, the axial ring protons reeonate at a
highez fleld than their equatorial countezpuxta. Hence
for a pair of anomers in the pyranose form, the a-anomer

has a lower chemical shift than the p-anomer (axnl

“proton). The substituents at C-2 and C-3 have a large

effect on the a'mz)meric protons.' Equatorial substityents

- at t;—z and C—! yield an anomeric pair with a difference..of

'

0.6 ppm in theit chemical shifts (e.g, a=Glc 6= 5.23, p

-Glc &= 4.64). Axial substituent at C-2 yields an
anomeric éaxr having a chemical shift differefce c;f 0.2-
0.3 ppm (e.g. @-Man 6= 5,10, f-Man 5= 4.90). .

.The chemical shift for the methyl group of the
pyruvic acid acetal ch;nges' aignxfical:ltly with its
orientat‘ion (axial or 'equatorial).,,and thus permits the
determination of the co;nfigu:ation of the acetal carbon
present on certain hexoses in some extracellular bacterial
polysacchafides(101).

Line'broadening of signals, and interference bf{
exchangable protons (O-H and N-H) affect the quality of
the high xesolution H-n m.r. spectrum(97). 'I'he latter is
mlnimlzedwby thg prior exchange of these p:otbns with
deuter‘ium‘oxide (nzo) and By the use of DZO (vprefarably

99,95 atom %) as solvent. Nevertheless, a strong peak due
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to re’aldual water (HOD signal) is often obtained. The
chemical shift of the HOD signal at room temperature
(~4.8) interfere with the anome‘rlf: signals in this region. -
Elevating the temperature results in an upfield shift 'of
the HOD signal (~ 4.3 at 90°) thereby exposing the
valuable anomeric region. Fourfér-transform (F.T.)
techniques can also be used to“minimize interference by
the HOD signal. ' )

'

2.5.1.b. HC-n.m. r. spectroscapy

“The advent of Fourier-transform technigues has,

13

resulted - 1n a steady increuse in the use of < C-n.m.r.

N spectroscopy as a tool ln the structure elucidation of

13, 1

polysacchn(ldes(loz). C-n.m.r. is complementaty to “H-
n.m.r. spectzoscopy, and- has 'the abil!ty to give better
signal aeparution and thereby more 1nfcmation awlng to
the wider range of chemical shifts involve*‘lo!). _This

technique, which is rapid and ngn-destructive, has a great

Apotential in the study of polysacchuxdes of biologxcal

origin where only small amounta of material, ake avallable‘

for .analysis. L
13C-n.m.x. spectrum also employs muny of the same
pa:amoters‘-uaed in, the interpretation of p.m.r. spectra; a .

notable' exception bel}\g the unsatisfactory integration

.cauhed by satuxation phenomiena and n.O.e. effects, which
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result in.loss of information of relative numbers of
nucleii resonating at”each chemical .shift value(104). An
N important condition for obtaining correct integrals is a
gooé signal to noise ratio (s/n). High field instruments,
large sample tubes and {nc}eased concentrations will
increase the s/n; but too high a concentration may lead to
line broadenhlxg, which, [in turn, has an adverse effect on
the s/n(95). '
Simple but well defined 13(:--n.m.r. spectra, which can
be Neasuy interpreted to yield a wealth of infermation,
are obtained using proton decoupled conditions(104).
However, sinéle bond 13!: = 1! coupling IIJC JH ] is useful
in dlffe:‘entiating anome:i_c pairs in t}h pyranose form,
since the J value‘s differ l;y approximately 1‘0Hz(-105)..
+Identification of fura_nose- forms by this prEcedure is
"unreliable due"_to the small difference (~s2-3 Hz) between
.the coupling constants of the anomers(106). ,
, The chemical shifts of- indihdua‘l, unsubstituted
carbon’ atoms of éoly- and ol!go-gaccha%.des_ sliow
reasz‘mable'ugreemen‘t with those obtained for prevl‘ously
assigned mo‘noaaccharides‘(107). ,In ce‘rtain instances, the
£ 13

é.énsit;vity o c chemic‘a; shifts to effects of

substitution. renders this technique very useful in the

ination of es of unk ds- and their

linkages. Substitution by a glycosyl unit\ causes a large

" increase in thé chemical shift: of the carbon atom directly
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‘involved in the llpkage, with small changes (usually a
decrease) in the chemical shifts of the-ne’lghbour*ngﬁ-

carbon atoms(103;107). A similar large shift occurs in

the a-carbon atom on q—alkylntlo;l, with a much smaller ’

shift occuring if the oxygen is acylated. Replacement of

an oxygen by nitrogen (amino sugars) usually result in a'

large decrease (upfield shift) in the chemical shift of
the carbon atom bonded to the nitrogen(102), .cheuby
enabling its easy identification (Figure 2.11.). The
enormo‘us upfield shift 11:1 the a - carbon atom cgused by
substitution of ar: oxygen by a hyd;:ogan atom reflects the
influence o‘_f the changes xhwelectronegaclvity brought
about by substitution. \

The potantial of 13(: utudies in cohformational
annlysia depends on the sensitivity of the chemical shift
govugdg.\cunfotnltlonnl changes.. Although many pairs of
uiolern give quite different signals for the anomeric
carbon M:onu,’ no general relationship has been 'dist.:overed

,between the anomeric configuration and the chemical
uhlfé(loz) of pyranoses. However, 'fu‘unoses with trans-
oriented at‘lbltituentu‘ at C-1 and C-2 (e.g. p-galacto-
furanoside) show higher anomeric chemical shifts than the
uvo‘rre‘spondln.g m—isomu (a-galnctofuzanpside) (103). A
change Yin the ring size from the six membered pg':nnobe
form to.a five ‘ne-bered f_u'i;no e ring results in a

downfield shift of the ‘anomeric signal. Glycosylation at




. sugars at 15-17 ppm (Figure 2.11. ). &

56 w " & .
C-1 amounts to Q—ulkylution; and hence the anomeric carbon.
shows a corresponding substitutional shift to 1owe; fields
(usually »/ 3-8 ppm). Thus in a polysaccharide spectrum,
the anomeric region (100 + 8 ppm) is well separated from
the ring carﬁpn atom, region (75 + 5 ppm) ,, with the primary
hydroxy-methyl carbon "atoms (at C-6) resonating away from
the ring -at a higher field (65 +.5 ppm). Other -
characteristic chemical shift values are: ca:boriyl groups
from uronic acid, pyruvic acid, N-and Q-acetyl
substituents at 175 + 6 ppm; nitrogen containing {aplno
groups) ring carbon atoms at ‘4.8-'55 ppm; methyl ‘groups from
Q and N acecyl substituents at 20-28 ppm; methyl g;dupa
from pyruvate at 18-26. ppm; and methyl groups of 6-deoxy
The chemical shift values nte'r_slab ugeful in the:
determination of the‘\ stereochemistry of a’cet\nl carbons {n
pyruvate’s since axial methyl groups .resonate at~18 ppm
and equatorial groups at~26 ppm(109). = The carboxylic
acid at 'ﬁ-l of KDO(110) is sensitive to the conflguraéiun

at.the anomeric centre (¢-2) and :eaoﬁates At

characteristic values' cc:uspondlng to the a= 'or j=anomer. ’

13,

Thus thé use of ~>C-n. m.:. in the structure elucidutlon of -

polysaccharides leads to \;aluable {nformation on tha

nature of linkages and annmeric centres, the preuence ot

functional groups,-and the »stexeochemistty of aen:aln

substituents.
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2.5.2. Chromium Trioxide Oxidation
vchromium t‘xioxide in acetic acid can be used to
oxidize-ethers and acetals into esters vlt!;mié affecting
'am—atates or other texistlng ester groups. Thus a fully
acetylated glycopyranoside is, oxidized into. a 5-
hexulosonate(l1ll) (Figure 2.12.). The rate of oxidation
" of a-gl&césides is considerably slower than that of the 8
—-apomers, thus permitting the estimation of anomeric
configuration by comparison with the original unoxidized
su'gars'(llz). The a-anomers would therefore -survive, but
the oxidized D-anomers are conspichous by theilr absence on
’ g.l.c.-analysls. d v

This supposition is valid for the e-pyranosides of

thecoyn;on‘ + 6-deoxy 2 tamido-2~-deoxy
hexoses, Bracetnido-a;G-dxdenxy-hexoles and xylose.
However substitution can change the ccnfbmn_tlanul
equilibrium of _a-rhamnot_iyl aqd a=-fucosyl residues, mnkir;g
them vulnerable to oxidation. . . *

2, Hethylatfon by the Balgomo;l prgcedure cleaves all
ester linkages and methylates the exposed }{ydrowl gxonpi:,
thereby yielding at:uctuta] lnfamution valuable for

sequence nnalysis(ln) .
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IT: was in the early 1920"s that Beldelberge:\.. the
pioneer in the immunological field, made use of the
obﬁetvation by Doche_z and Ave‘ry(lld}, that a certain
"soluble substance" capable of precipitating specific
anti-pneumocéccal‘sera of a' homologous type was present
whel;;vez Bnéunococci were grown‘in fluid‘media(lls). This

soluble’ substance was shown to be composed of carbo-

hydrates and to be type specific(116) (having the abdlity .

to precipitate antihqdies of its own type) (117) o

. The antihodies xecognize certain immunodeteminant
groups on the antlgen. Thexefore the shape of ths

antibody combining site must conform quite closely to the.

‘shape of the lmmunodeteminant group(llB). The Antigan

.specificity or abillty to react with antlbcﬁ!ea dependsvvon

the binding of the immunodeterminant gtou’p;wlt»h the

speéific antibody. Serological cross-reactions occur when

different antigens give precipitin reactions with the same
< antiserum on. account of the similar’ nature -of their
immunodominant group. This immunochemical anulyees of .
polysaccharide antigens, which combine Berologicnl and .

chemical studies, are impoxtam: 1n defining the chemisc:y

of the ol!gosaccharide structure of 1mmunoloq1cal

significance within the pdlysw:charide(llQ) .

'J.'ha nntxganlc spacxficity of the polyucchur!de or
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‘the immpnodeta:minmt group, is made up of several regions

centering around a parthu‘la: sugar unit. The immuno-

dominant sugar is the major contributor to the serological
specificity(5). ' Théae sugars may be terminal nqn-—:educlng
or within the _polysacchai!de chain.  Most banched
poly's‘accha:id‘ea possess immunodominant sugars in their
aldevchaxns. The 'antigen ~specificity is not ;:onf_ined to
the ‘immunodominant sugar but extends along the
polysaccharide chain. Hence, the, nature of the sugar, it;
anomer!c confilguration, and even its pbaitlon of linkage
to tha adjacem: sugar are contuhntoty factors. This is

best 'illustrated in Figure 3.1. where the. thrée sugars

'_ glucose, galactose, .and'mannose, dqsplf.e having the same

uéq‘:xence, exhibit: completely unxelate‘d .serological
specificities owlng.té the differences’ in their linkages

and anomeric configu:ations. ’

Studies on the Q—untigens of’ Mmm serotypea

-have shown that -a polysaccharide may contain more than one

anclgenlc\ determinant. Figure 3.2. shows the different

antlganic determnunta of -typhimurium, the

© specificities being denoted by their antigenie numbe:a.

" even though thé antibodiés have different specifioltiesa,

Different and- 5epurab1e antibodi riay combine with
the same. dmmunodonlnnnt sugar by :eucting with it Erom’»
diffetent. ait_aa of the molecule. Hence sugar ‘A in Figure

3.3. can combine. with -antibody I.as well .as antibody II,
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. Plguréa.l. Chnlcll mtnre of..the llzologlc
. -peciﬁcl.tlu expressed by O factors 127 and

12 in Salmonella typhi and g.
by O factor 34 in §. ummu).




Pigure 3.2‘. Illuutrntion of the different antiqenic
.determinants in the LPS of S:’
T typhi-uriun(zs). ‘Key: Abeqnone; Abe,

Gle, Gatactoset ‘Gal. 5




64 =

Figure 3.3.

Various. reg on a

(determinants) polllhly reacting vlth
‘different antibodies(118). 'A,B,C, and g
D are sugar ia ing
antigenic determinants. ' Hence, sugar A
can cosbine vith antibody I as yell as
antibody II even though the antibodies -
have different specificities. Therefore,
.different and separable antibodies-may
“combine with the same immunodominant
sugar by reacting with it from dif!nnnt

. sites of the molecule. o

. S
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' .

Tl;ul cross-reactions are not always indicators of the
- -

~presence of id_untical' sugars or structural features in a
polysaccharide as is illustrated by the above two

examples. However, cross-reactions can be important

& ' indicators when used with antisera of known antigenic

scr)uctural specificities. P . /'

3.1, IMMUNOLOGICAL SIGNIFICANCE OF ANTIGENS

' The strucénrul elucidation of the polya‘accha‘rldea 1};.;
beevr emblrl;ed upon in order t;: clarify two important
issues: what ‘mk’aa "a polysaccharide '1munog§qlc. and what
is the chemical b‘a!l_l of its antigenicity (sezologic;
npocifl‘clty)? Cross-reactions are useful lin undezstn‘ndilr@' :

< . /
the antigenic specificity. Knowing the chemistry of the . *

- .. 3 ‘/
structure alone is obviously not enough to solve sich a
o B -/

highly cbﬁplex bioloq{ca! process, ‘but structural

. - b e ]
investigation must be carried out in the attempt to
this ph ’ . -
¢ Imnune respor pE by an £all into
; N : : ]

** two classes, h‘\mor'al( and cell mediated. The: former

chtugory 11 where, !;he response- ‘can be transferred from one. a s

i ¥
an!nl to’ another v.ll the serum contalninq the ant!body, S

3 o vhlla the ).u\:,t“ clns nseds aenutuad cells “and not

serun for transfer ‘of ' the irqllng ulponn. T lxnpywtygl “

(thynus derived 951‘1‘:) ur'e found t6 be responsible f'qr the
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cell mediated res‘ponse while B lymphocyt;ea (bane' marcow
derived) , :espon‘sible for ‘a‘ntzbody fomation, are gnvolved
in humoral responses. The antibodies secreted by B cells -
are protein molecules (immunoglobins, Iq)./ w‘hen T\!cells
are involved in activating B Eelle- into .production of
antjbodies (IgM and -IgG) the immune response is termed T

cell dependent and results in a :etentioﬁ of immunological -

memory. The .antigens involved in T cell dependent
responses are capable of- producing an even 1urger immune
% response on_ subseguent interaction due to the memory

retained by the T ce‘;ls'follovilrfg the first encou‘ntez {rlth

the antigens (T cell lndepehdent responses), where B .cells

. secrete immunoglobins .‘(!gl@) without T lymphocyte

cooperation, lack the “retention of memory. Polysaccharide

antigens usually stimulate T cell independent responses
i while protein. antigens.are T cell dependent response

-stimulators(120). Tt should be noted however that this is

Ta siiﬁplified deédzlptidn of the complex functions occuring
m an immune responseq 4 cella have.many other functions
in addition to. those mentioned above."~ #

‘: N : v The virulence of baltéria depends on their a_b‘nuy to

s o, .survive’and propagate within the host by evading the

host's 1n'un\|ne systgin. The di:ect interaction of theit

surface antlgena wir;ix the host immune aystem is important

in ba‘ck_ezial pathogenes}is and in the-stlmulation of an

;inmpne response. The capsulax nutu:e of the antlgens is_

S S 2 F
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useful in.protecting the bacteria from phagocytosis.
Consideration -of the various fish -é-iaeases caused by

Gram-negative bacteria, together with the _emergence o’f

their wldespxead multiple antibiotic :esiatunce, has given
rise to-l ‘a renewed interest in ‘'the prevention of ‘these

diauuaa hy immunkzatioh (Tuble 3.1.) . ."




\ .
" 68 ) i
! * ,._a(‘ .
7
g - ” ; ;o
Table 3.1. ' Diseases caused by bacteria :
., ! Bacterial Species ' R . Diseases . A
¢ ) 3 .
- " - herononas salmonicida . ', Furunculosis
3 . .
Z KD bacteruim , Bacterial Kidnéy Disease
RM bacterium ' . Enteric Redmouth Disease -
(Yerainia ruckerd) ' %
'vibro-angillaruim . ‘Vibrosi
Pseudomonas  sp Pseudomonad Ssptlce{n}n 3
Motile Agmmmn 8p. 5 Motile Aeromonad '
/ -, L ©  Septicemia . . .
" Myxosoma cerebralis ' -Myxobacterial infections. -
N ¥
> Yoro - .

» * B ~

.~ For reference see Rucker(12l). .

-
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Elucidation of the - = F

‘Molecular Structure of the Llp_opoly!acché:lde
of Yersinia ruckeri ’ .

~ .
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Fish disease caused by the different bautarlal
* 'species of the SLLb_r_lm_ggm family ‘has- had a mnjbr
j .;nfluence on the success or faillre of many £ish’culture
/ /opgrati’ans, both public and ptl‘éét’e. In the f:ast, Elsl:l
disease p:éb{ems have been handled primarily by chemical
or antib;lot’ic‘treatngnts. .In some cases /,effectiva'
management of stocks has p:ovt;n b’eneﬂcial. The emefgé‘nce
of d:u:_; resistance in ‘bactgrulvflshvpa'thogemva‘, as well Aﬁ .
‘conc;erfx"th,at .'lndiscriminat; use of antibiotic‘s._l_ﬁighe
(‘\ transfer, dedg resistancé factors to human pathogens, -‘hu

necessltated the search ’f'r other disease ptevention'.

techniquea.j Vaecination is a loglcal alternative. Thé

method ls effective in higher animals and, in uddxtlon, u

‘ ptophylactic :athe: than the:apeutic. The problema fuced

" ~ . ‘in flah vaccine development have consisted primarily of

‘developlnq effficacious preparations udministered to large
populutiona in an economic manner. o

Red-mouth disease in rainbow trout has bePn kncmn forl

over twenty yens(lzl). The syndrome can be produced byl

J certnin uumm and P.ummnda as well Ag} kjy

\mﬂh'u-l mﬂksx.l..l.lzl-lﬂ) v which will be dlscusaeﬁ/}n»tﬁ’ll

) t:'hes_ié. The di ease is sy]'temic. -and its major: g:on

‘chiarhcteristic 1 »!.nfilammnt\.(o in the areas of. the mouth )
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and throat. It is also known as pink-mouth and pink or
ud_thro-e. Clinical and pathological aspects of the

gﬂseale have been reviewed by others(122,123). The

disease is enzootic in some private and federal Hatcheries
and h’us_ become epizootic on occasion. As an ebi otic in
hatcheries, the diséase constitutes an. 1np6:tant echnomic
pl‘ob,l‘!l_l. An outbreak of redmouth. c;iseana, in
bacte‘rlumﬂ‘-vns incriminated;s has beg,
Saskatchewan, Canada in 1973.(123) S
Althoug_hléhera appegr: to bE at least two serological
vnrletie-; of the RM bacterium, it is the-a‘e,rovar\l or
Hagerman strains,which are associated with almost a‘ll
occurrences of"tha. dis;ase(lzl,lzs). McCarthy and
Johnson(125) nut;gute_d that_!_:he_ lower virulence of the

serovar II-or Oim';on-uzains makes them of little concern

. with keapeci; to inducing effective protect;dn. However,

the reqﬁlatiolin of many fish health Iprotectlon programmes

.recognize Y. ruckeri as a certifiable pathogen, with no
’ dtscz{ningtl'on,inin‘g nade on the basis of the relative
- .

. virulencé of different: atrains. or .serological _vajle:lee._

o~ N - ¢ i

WA ‘ !

In 1966, Ross et al(122) gave  a description of a

1.1« BACTERIAL CHARACTERISTICS OF YERSINIA RUCKERI
i |

Gram-negative, rod-shaped, oxidase-negative, peritrichous,

‘tornontat.lvn bacterium that was isolated on numerdus
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occasions £rom kidney tls‘s'uea of rainbo‘w"tiout (Salmo ¢
gairdneri) afflicted with redmouth disease. It was
concluded ‘that the redmouth (RH) bnct‘erium,’»hxm
'u.c.k.e.;i was a memher ‘of the: family Enterobacteriaceae,
-but 3t that time it was not poaaible to dete:m,lne Lt:s i

taxonomic position within the family. ki
The Gram-negative bacterium Yersinia ruckerd,

fomally called enteric redmouth.bacteriim causes disease

in salmon and trout as menticned previoudly. However.
‘ this organism has not been known to ever infect humans.
¥. ruckeri grows beét at—22-23%; some'etré.lns will not
grow ‘at 37°.- LY x.u_gkg:i could have been !ncluded as-a
specigs in eithet the gener.a Yersinia or the genera
Serratia of the mmhmm;: family due to the data
concerning theh biochemiat:y and DNA hyb:ldizatlon. ",
f\\( : I P !\25 30% rellted to. species from both genera. Y. nftkerd

DNA contains about 48% guanine and cytoslne. * 'DNA from
Yersinia contains 47-49% guanine and cytosine whereas DNA.
" from the igm_ti].n species contains 56759, guanine and
|cytosine. = Genetically therefore, . ms:l‘sezl"@a closer to~
Yersinia than' to Serratia. ‘ '

\/
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1.2. CHEMICAL ELICIDATION OF THE S'I;RUCTURE OF THE CELL-
SURPACE ﬁmvsnccmma OF YERSINIA RUCKERI. AN
’ ovewiw

. The 1ipopolysaccharide. antigens from the Vibrionaceae
E“ 'ily have been atﬁdie’d extenéively wlth ‘-'thé hope Jof
underatanding ‘their puthoqeniciby in £ish and the chemical
Astructure elucidations’ of appxoxlmately 10-15 species of
!uhmnm have been ‘completed. unllke thve simple sugars
and structures found in Kl_e_b_u_el_l.a, E. Yoli and
. Salmonella, the liﬁbpclysaccha:ide antigens of the
}ub_z_.l_qnmu‘cont;in diverse sugars and .;re of varying
' degrees of complexity(126-130). )

The preciae molecular stzucture of the Gram—negative'
bacterium munu ruckeri, which causes. the redmouth fish
. vdiseuse, has Anot yet: been lnvest‘lgqted, Interest in the
“chemical structure a‘nd.“‘l}nmuno]ogilcal .properties’ of ‘the "~
cell-surface ant{q;s of thié spec:\es Has‘ increased, vas—
ll.ttle is presently, known, on the blochem!cal basis of .
pathogenicity of Xamlnu :.\ls:k.m‘.i i

" This thesis preeem:s the fesults of the 'chem‘lcal- and
atructural studies car:,{ed out on the two. distinct regions
of tho llpopolysqcchnrlde of Y. uu:k.e.u. namely the. Q-
speciflc antigen and the aore oligosaccharides ' The ‘Q—
a‘beclno ant!._gen,. when' coupled to ‘either oé‘ the ‘p'rbtein/

carriers bovine “serun aibum_ln (B.S.AL) oriohicken serum’

H % 4

A

L
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albumin (C.S.A.) may be used for th.e- lnduqt.lon of
‘ntibodies', as well as thg p:&iu‘ctlon o‘f len‘-ﬁyntpetlc'
vaccines. e

v "’l‘liel"v.\'r;derlltandi'rlg of the chemical u-q-pozitlon ;nd
molecular strn‘ctu‘l"e of i‘:yé celiflurface npopolyla‘cchulde
of Y. ruckeri may provide bette‘:.—undentandlng ©of the

host-parasite interactions and nay.dtﬂn‘e the recéptor :

- sites and the immunodeterminant portion of the

.carbohydrate antigen7




salmon was ‘suppl.'X
' University. This.

2.1. BACTERIAL' CULTURES

Y. ruckeri attain»_RSS (II) isolated from Chinook

d by Dr. Roselyn Stevenson of Guelph

train was added to the collection of

the ‘Northwest Atlantic Fisheries Centre : John's as sa->
w03, L )

The organisms were initially plated on'Trypticase Soy
Agary- (Baltimore B;qlog!cal Laboratory), to check purity

and culony morphology. stock cultures were grown in

Ttypticase Soy Broth (T.S.B.) without dextrose, divided_
into 1 ml allquots, made 15% with reapect to glyce:ol, and
frozen qnd “stored frozen at -80°C. The protocol for
medium ‘scale cuiture of the bacteria was "generah-y

identical for each stxain. T.S.B. '(10b ml) was inoculated.

w.lth the cantenta of a frozen vial, grown for 24 hou:e at

‘room tempanture with~ reciprocating ' shaking, and qsed as-

\

‘the inoculum for 24 litre of .t_:he same. medium: ' This

culture was érown in‘n 25 litre commercial ‘fermentor (New
Brunsvick Scientific Co.) for 26 hours at 25°C with an alr
flov of 4 1/m1n and no control of pH.

The cul:ure vns kuled by adding formaldehyde tu ‘a

Hr;al concen:tatlon‘ of 0.3% and stirring for 18 hours.’
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The cells were collected by continuous cemtrifugation i_
(Sorvall RC-2B high-apeed centrifuge) and freeze-drled;
‘the cells were not washed.

2.2. CHROMATOGRAPHIC METHODS

2.2.1. Thin layer chromatoéraphy

g x
Thin layer chromatography was carried out on

precoéted cellulose (100 gm) plétea (B. Me:ék, Darmstndt)
as Hell as _on Baker-flex silica gél 1B2 7. 5x2 5 cm or
aluminum silica gel sheets 20x20 cm (Baker) with a solvent
system of 5[\5:1:3 (V/V); ethyl acetate/pyridine/acetic

acid/water in an atmosphere saturated with 40:11:6 (V/V) ~

¢

ethyl acetate/pyridine/water(131).-

2.2.2. Gas—liquid chromatography and g.l.c.-m.s.

spectroscopy i L. 3

Analytical gas-l'ilguid chromatography separations of
the acetylated alditols and partially methylated alditols
were performed using a Perkin Elmer model 8310 gas
chromatograph fitted with flame ionlzatlan detectou.
Analyses were car:ied out on packed columns (183em x 2mm
i.d4:) of 1.5% Silar 7CP on’ Gas Chrom Q (100-120 mesh) -and’
‘on open tubulu column of DB-225 and Heqabqn 52-2330 (JOm




7
) x/0.75‘mm’ 1.d.); Temperutur’e pro_ﬂles varied as follows
= . acyprding to-the type of derivative -being analysed;
) ‘(a) _1.5“si1a'x 7Q’P on Gas Chrom Q (100-120 mesff)‘-operated

.o

isothermally at 215% fo:_‘a;duol acetates.  u" .

; .
(b) 1.5% snu 7k Chrom Q. (100-120 mésh)

prog:ammed with a atu:ting tempexatuze of '170% for 20

fa mlnubes and - then 1ncreaslng to 250°C at, 7 C/min. where it . ”

‘ _is held for 20 minutes for partially . methylated alditels.

(c) Megabore DB-225 isothermally at 210°C Jfor alditol

acetates and 1sof_hema11y at 195° for partnlly methy-

(

1ated alditols.

(a) Hegnbo:e sP-233‘D _progtémmed with an initial
_temperature of 180°C for 10 minutes. and increasing at
2°C/min until 220°C where it is held 'for 7 minutes for —

_alditol acetates. s, v o 2

_{e) Heéabo:e ‘SP-2330 pzogram‘nfeni a‘t; 1§5°C initially for 10
minutes followed by a ramp rate of 2°C/min until 240°
where lt was held for _15 m‘lnntes» for paitiallly methlated
alditol:a. ' ) ’ '

FS: the pécked column, helium waﬁ used as a‘earrie"r
gas"ut/ a flow rate of 40 ml/m:ln. In the case nf the open
tubul‘az columﬁa, helium was - under a pressure of approxi-
© mately 'zoo"'ripa. ‘

Combinad gua uquid chr \r phy spec DY

anuyau were pe:formed on a: stlett Packard model SSBOA A

GC/HS oonf_._:olled by a 5934A data syatem, wlt:h a memhtane
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separator, a source témperatu:e of lsnkj'and an ionizing
-voltage of 70 e.‘v. The gas .chzomctng:nph;c conditions
(profiles a-e) as described above were use;.

2.3 GI-_)L’—PERHEATION AND IbN-EXCHANGB C_H,ROHATOGiU\PHY

Gel- penneatlon ch\mmtogzaphy was carried out uslng
columns’ (1.5 x 90 cm) o?'Sephadex G-15 or G-50 using 47 mM

. = % pyridinium acetate buffer, pH 4.26 as eluant‘ Elution of

the components .was monitored wlth;-a dlffeten;tlal
re’fracth{e index monitor (Water Associates M3del R403).
The kalvuvnluea are defined as (elution vol. of peak)-
(void vol. of column)/(packed bed vol. - void vol.v of
column). The fractions were collected and freeze-dried.

Ion—exchange chtomatography for deionlz‘\tmns of
neutral and amino—sugats were carried out with Amberlite -
IR—-12I) (#) resin, The neutral sugars were elu;gg with
water wnleas the amino-sugars were, eluted with l‘.-S\

hydroch'lg}!c acid.
2.4. NUCLEAR MAGNETIC RESONANCE_ SPECTROSCOPY

Polysaccharides were repeatedly treated with D 0
(99 8%), with lyophillzation between treatments and

£ =i - finally dissolved in D;0. (99. 998). lm-wur Spectravwe:e_

recorded uslng a Bruker»AM-500 MHz in the "pulsed Fourier




o K —_—
transform node at 343K, the HOD signa }éeinq suppressed oy
selective sg‘éu:ation asing an anersxon teCDvE:y pulsé
sequence.®’ Chemjcal shifts are quoted ‘in _ppm downfield
from external 2,2,3, 3 tetradeutero 4,4 dxme:hyl-
‘suapentanoate. but were accually measu(ed by reference to‘
internal acetone ( &= 2.225 ppm). L. 2

130 NHR spectra were measired iin nzo with a Varian
CFT-20 spectrometer ope:avting at p0 MHz in the pulse
Fourier transform mode with complete proton degoupling.
Chemical shifts are reported in'|ppm downfield from
external te\:zamet’hylsuan‘e (.TM;S‘). P:'oten-coupled and-

17,

: ’
decoupled C-NMR spectra were also fecorded at 125 MHz on

a Bruker AM=500 MHz ‘1'.1 D,0 at 310°.

2.5. PURIFICATION OF THE LIPOPOLYSACCHARIDE

The freeze-dned cells were extracted by the phenol-
wnter me:hcd of Weatphal and Janr.(ls) ith two wash cycles
of the .phendl layer. ' The .combined \aqueous layers were
dialysed against tap water for 72 hours and the dlalysate
was centrifuged. at 5000 rpm for 20 \minutes to remove
cellular and precipitated debris, grior to ulytra
centri_!ugngion of the clear supernatant|at 39,000 rpm for

freeze-dried to

16 hours. The|resulting gel was.redissolved in water,
r_ccentruilqed at 39,000 ‘rpm (twice), an:

give (usually) a purified upopulyaa’cbha:sde free Of .
: > )
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of ribonucleici.acid. -In the. event ghat :lbonuclelc acid

was atill ptesent furthep cencrifugutioﬁ was cqrrled out

- until a hydxolysate‘ of the fxeeze-dried gel’ p:oducad
v
essentially no*xiboae, inf!_!cating s:he lack }n!,‘ribonuc!eig‘

acid.

) 5 . ;
2.6. ISOLAT,ION OF THE Q—SPECIFIC ANTIGEN- AND CORB e % =
DLIEOSACCHARIDE UNITS . 4

) The pure llpopolysaccha:ide (100 mg) was liy.ci;olyse'd
with dilite acetic acid (1%), for 2 -hours at 100°C. The
released ;:arbohydrate i:oru,on remained in solution, ,;.niue
the precipitated 1lipid A was removed by centrifugation
(5000 ¥pm,.30.min x 3). The combined supernatant was
freeze- dtied. /edlssolved in 1 ml of pyridinium acetate
buffer (47 mM, PH 4.26) and recentrifuged to remove
remaining traces of the lipid A. The resulting
supernatant was fractionated on a column of Sephadex G-50
and afforded several components. ’l‘he"Q—speclfic antigen
was ‘defined as the first peak .to be eluted,” whereas the
core ong&sacchnude’ was defined as the peak immediately
preceeding the salt peak.

2.7. HYDROLYSIS AND SUGAR ANALYSIS B

The %speclfic .antigen or core oligosaccharide (0.5-1




Y analyses were alsa perfozmed with fB\ hydzogen fluoxlde

‘(\12 hrs; 0°C) followed 'by: neutralization Vith 0301 K

The. hydroly:ate conca!nlng ithe

vy monusncchaxlde uaé di:sclved in® unte:\‘(o 5=1. ml).

(it2 ng) was ‘added t:o the solution whlch was left At foom

tempera—ture for 1 hoqr - The excess bo:ohydzidu was

., @estroyed with" a_few drops of 508 doetic acid, evaporated’:

L " to arynesss and aoevaporated (3" £inea) with a soluticn of -

, methanol/acetic icia (Axl) ;n.o:dez to destroy .the

carbohydut_e—bo,zatg complgx‘ coﬁpletely. The :adubéd

products were. aceéﬁlacea “with!pyridine-acetic lanhydride °

L1l (2 ) at 100°% fo: L1 hour. The excess py_ridln"e-and

v~ acetic anhydride were S with’ s ve v ions

with ‘methanol and chlorofoym. ‘The :eaultlﬁg uldltol

acetate detivat.{ve was subjectéd to analysis by g 1-c- and

A\l

q.lc ms.

[rn—




}_ (~2 mq) ‘uua dlasolved tn 0 5 m ~a£ dry and. dist\lled
e dimethyl Bultoxlde und placed m a small Eetllm ‘'vial fitted
with a teflon siuccne septum and a sti:rer bar. .The
Elask and contents vere tluahed with dxy -argon, and methyl
sulﬂnyl anian (0.5 ml of a. 2H a:lut on) was addedy the

: reaction proceeded v&h eurring for a r
Hethyl iodide (0.5 ml)'“was _then added whue the :eact.lon

was’ kept ut 4 C in - ‘an lce bath Eo: 4 .hours. ?ha
through a small column of Sephadex LH—ZI) suspendqd in i
'chloroform followeﬂ-‘by elutlon with the}l\fe solvent. 'I’h9’
A ethylated\pol\xaacchaude in-the ftactlaha was'détectgd;‘
by chaning wlth 10\ HZSO‘ in ethanol (95%) . ’.l‘he pu‘r“i’fie’d

. methylated pclysacchui&e&athen hydrolyseds either with
1 M ‘tlfluo:oacetie acid (8 hours. 1!70"(:) or anhydrous ’

hydrogen Eluorlde (4 ’hours,‘ﬂ"C). Ry B | " B

'l‘he resultinglpa’tually methylaca ~{xq’=rl; .were i
xed'\lced, ncetylated and analysed as’ alditol\a\etate d
derlvativea by g. 1.c. and 9. l.C.~m.8.




\nal!\segum vial® contalnh\g a. ntluer ba: “and is dluolvnd

in dimethyl lulfoxide 16 \ll)- 'l'he v[a! was £itted with l .

teflon—hced ‘silicone septun and ths contents were flu!hed

o°c for 1

with argon. The solution was heated at 50—
. ¥ & T Y4 g

_hour. I o 1=
N SR : 5 = N

2.9, sMiTH iwcmnxdnj

“_ 'l.'hg Q—specxﬂc nntiqe

.3 aodlum metuperlodaca (10 20 . :
nl) . 'was added(laz)._ The lolution was ks?t in the da‘tk at
5°c.» After 72 hours, BaCOy; (25 mg) was added q‘ld the. S

diatilled water '(10- ml) !nd 0.

suapenslon wuu !tlrred overnlght. Mtex Hltzatlon. the: .

solutlon was bo:ohydride {educed and: neutuli ed 'l’hn

reau].tlng polyol was purltied)b]' colu-n ch!mt, rlphy on ~‘
Sephadex G—15 and-anllyned for the canponent augnl. [

The polyol (2!! mg) nbtainzd from the pulodnﬁc»
* oxidation_ was’ hydrolyned with 1% acetlc acid fot 3 hours.

‘at 100%C(133).. After evaporation of ‘the acid, the. reliduc_

was xeduced with sodium bo:ohydﬂde and purlﬂed by colunn T,

,Vchxnmatogtaphy \on Elphadax &-15.  The’ putlfled Bmith

5 degraded pxoduct vu nubjectad to sugar ".and . me hy].u.tlnn

. analyses and the.résultant ald.lt_._ ncentn and pnrtially

ntlﬂq{ by g.l.c. and

npthylated\ulﬂitcl l'ntateu veu .lac




. .TEE o- sp.clfié poiyiac¢hh-ride (15- -20 mg) was <
d!llolvcd in’ vnter (0 5 ml) and duethyl. aulfoxlde (25\
n:l.), aodlun hydro:idr(zﬂ& mg)_ 2 und a d:op of thlo henol‘

% were added. . “The mixture was stirred- h\ ‘a stopper
'Eornls;h'giltl aty 50°C.__ 'l'he excels base was neutnlhad 1
w!th 2M hydtochlouc acid  and the 1norgnn!,c sults and. the
tﬂuqentn we:e remoqu by" dialysls gulnue watet (ufD! 72'
hou:! ih a ba ith: mﬂlecula: cut' £ a! 1000 daltone).'
'l’ha resultlng solition vas centritugea and the snpe:natnnt

was E:eezrd:ted.

_.The Q—apul!lc golyaaccharlde (10 mg) in uate: +(1 lll)
vu treated vith 30% acetlc ucld (1 nl) and fresh 5\_

!
aodiun/mnut& nolutlon (1 ll)(lu), and it was kept at

room- B . for 60 min 'i s; prior ‘to B ge ‘th h

a column of Rexyn 101 (ﬂ ). ’ﬁi’e denlnin‘ated- pélysac‘charld‘e i
‘was - reducad vlth |odhm borohydtlde, n!utrallzed vl;
3 “adetic ucid, and c)ien puriﬂed by chromatag:aphy on
.~3sphndex 6-15. _ The purlfled' daumﬁu:ed polysaccharide
vn methylntbd, hydrolyted und unllyud by g. 1 c.-m.s. as
e pnélany uethylltad alditol e aceta‘tea. ?




2.13. PARTIAL HYDROLYSIS WITH 0.5 M SULFURIC \ACID

The"core ollgoanccharide and Q_—specitic am:igen (10 .
mg) were .partia].ly hydrnlysed with 05 M sulfuric acid for
either 30, 60 -or 90 minates or 0 5\trifluo:oa¢etlc acld
A (30, 60 and 90 minutes) and the salutions vexe
= 5 ‘, tespectively eithﬁr neuttalized with batlum ca:bonata or .

evapo:ated. "l'he degnded p:oducta were pulifled by_

ch:oma oqzaphy on sephadex G-15 and affotded majar

fractlon. This ptesumed deqtaded oligo- or poly \ccha:ide

“was subiacted ta suga: and methylatlon analyses. nnd the ey '

2.13.1. Treatment with methyl v)_lnyl ether . et B

“A d:led aample af polysaccharide was diaaolved in

dimethyl sulfoxide, togethet wlth g-toluqnesulfonic uc.ld,

sealed and flushed with "2 and left sti::ing ovefnlght.\

Hethyl vlnyl ethet waa int:oduced in tvo uiquots (3 ml

ell:h) ‘at . -6001‘ wh:h stirring foz 4 houm each, Hme.‘ Ti;e .
A .
ptod’uc: was. purlfied on a calumn of Bephadex LH-20 by e

elution wlth acetone. - & . ..



Hethy- tlon of the methyl vinyl ether-prote&.ed

derlvaclves. . s (R .

'.l'he protected nmple was dlssolved. 1n dimethyl

'(

sulfoxide and t:eated with dimayl anion (cﬂssocli Na ) for
L2 ‘hours,u Ior!omethane was added to the cooled solution

‘which, was- sti:xed for 1. h u ’and extracted with’ :

chlo:ofam. The prcduct was purlﬂed ‘on Sephadex LH—ZD

w!th methanol as the eluent e 3

* 72,13.3. Removal of’ the vinyl ether’ p:rctecginn ;

X The me:hylated, protecbed p:oduct was d!ssdlved in a
mlxtu:e afﬂacetone/.'l‘ sultuuc acid-, (2:37 ‘and stir:ed at

~room temperature for 24, hours. ’.l‘he acld.waa neuttmized

‘lt-h 2N sodium’ hydroxide, and Ehe solution was eVanrated
to dtynesa, disuolved in dimethyl sulfoxide, ﬂlte:ed. and
avapo:atad o ield the product.
2.14. 6xr'nqun_w'1'wa‘cil_xonmu]mmxmg e
’l‘he 'polysaccharide“‘ (20 mg) was dissolved ln
dlmathyltomnmde (1 1) And ‘deetic anhydrlde (1 m!.) and g
1) weze added(135). l'he solution was, ati:t d '
foz 16 houu at icom f’empeuture and extracted wit

‘.-'uhl.otototm- 'l'ha resldue was reauetylated with a




Cof (1:1) acetic .nhydnae/pyrxune (. hour, 1oo°c) to,
afford the peucetylated product. The :-liduc was

v dnsolvad 1n chlozotom nna m—lnoultol hexnaeotaf.e

] (2 mg) was added a8 lntemal atandnrd. “The - uol tion yas
dlvided into two parta and uvapo:aéed. A purt was .
diasolved v!.n glaclul ucetic acld (2 ml! and povd‘aiadr
s chxomhu; trioxide (40 ml) was added; the llxtun \Ill th&n' .

'Lagitat:ed ultxasonicauy for-3-hours-at-! 53°C. pollud lntn o
water, extracted vl:h chloxofuzm (io ‘ml), ,l the extract
vaahqd twice with vater nna evaporated to dry! :
oxidlzed po}.yaacchulde ‘and the remalnlng ﬂglghlul'
‘;unoxldlzedv nate:lnl, vete subjected to. augnr anulyd:ln:

’»’l’he oxidhed p:uduct was also subjacted to mq;hy}ntion'
5 analysiu and _the - pa:tLarly methylatad a].dM:ol ncetates

9. l.c. and q. l.c.-m.a.

2,15, rmwnpc‘ksnzcm_smzfyl

2.15.1. Pre ion of 1-(6-isothi

. - . alkylamine derivative

e

"‘in 2 0 ml- t wacer val added to a npidly a:hudrm»&u

# adjusted to pH: B. o{ 1,6—hennadlanlna ({3 nolu)and 0. 82
-mmoles of !oqinl cyanoborohyd;i.de in 2.0 nl.of water. ‘rhn
2 Y Nerady Rtk Vet g ol




:eaction was gllowed ta p:oceed for 48 hours .while

2 muintainlng constant pH by . titzatian with 0L.1M sodium
hydroxlde, ’I‘he xeaction mixtuu was - then applied to a’

’ Blo-Gel }’2 column (98 om x 2 5 cn\) and el’uted with 0.1 &
acetnte burfet, pE 5.0. ‘The Bio-Gel P2 column Eauuitated
the aepuation of the alkylumlne de:ivative fmm the
stanlnq mate:ial : Fractions we:e collected and

for catbolydnte and” alky mine by the phenol—_

3 Wh n’ conaumptlon of o;num hyd:ox




productlon ot' BSA ponjugat_ (D.'s. bO),“lTi mwolea ot l:he.
polyucchuide—Xsothiocyanajte de:imtlva,’dinolved ln
’ ‘,phouphate-buitued sallne (4 ml, pn 910), was 'uddcd to a.
' rapmly atirred sol.uti-qn ofJ 1 /mol.es of . BSA dluolvad -in
‘the same _buf,fer.. Conpling wps then allowed’ to prec.ld !nl
a8 hour‘é at temperatu:e, conutant pH be ‘maintalnod
by tit:atlon with 10 nM stium hyd:ox&dq. Hhen coupling
“.wu camplete, I:he resulting oonjug’atqa were extonllvaly
dlalysed and' puriﬂed by calumn—eh:omatcgraphy-,
3.i5.3, pzepa:aum of the pazii.ﬂly aeacylaw Lps' used for the
* mlwmm '; e o

\

Lipppolyskéchargde‘{(ﬁ mgs) , we‘xe"glrs_s‘olvgd in 1°m1 of . .

. - 0.25: M. NaOH amd pi'ac'e’d"in‘ ‘a 56°Q water bath. for 60
'm‘inu‘tes.- 'I'he soluuom was eooled !:o room tempeutura nnd )
ennxtuged at 2000 zpm\fn' 15 minutes at 4%, The pellet
. was dlsca:ded whereas che upe: natant was neubrali:ed‘ with <
r;. N acetic’ acid and -
. /overn_iqht £ollowed L2 lyo_p

. 2018, 4 Codting of the eryth cytes, witkk en:he: the ~

by

lipopolysacchulde or the artificial y

¥

- 'glycoconj ugata N

V_A':St aqluf;io"n of " formal




cel-is vua’uﬁhet‘i t‘;iée vith(pho‘sp)@;'ﬁe-huffe;ed s"aline, pH
7.2, followeq by ce‘ntzifugation ln otﬁe: to/bbtain a
. packed pellét of red bﬁood cells and the supématant was(
discarded'. A snmple of the packed red blood cells was
J a“dded t:o a 250 g aample of the p:epated’lipopoly-‘
sncchartde which has b&ah dissolved 1n ‘10 mlé [of ealine.‘.
‘ ‘For the coating of the attificial glycoconjugate 250 'mg)
the pucked red hlood cells were added dl!ecltly to the
: aa’.l!ne solution with shaking (ul:hout 1ncubn‘tLon). The *
'solution was - incubated at ‘B7°C for.30 minuhes-and _then

|
uaahed three timea with phoaphhte—buffexed saline. The

" 2015.5.° Production of antisera

%

‘Antiéera" ere’ prepared from albino rabbits weighing ;
2= 3 Kg which were hnmunized 1ntzavenqusly vithout ad uvant

3 by injection of the Hpafolyaacchhu,de (1 6& mg/ml) or.

1/1o ariutron
2 m1 of 3/10 dflition - 0.34 ma/ml
2'mlof 1/s aliutien . 0.67'ma/m
2/l 0£.1/5 duuucn’ 0467 ma/m1

2 ml of 1/2 dilutlon - 1.68 mg/ml




=~y A5 «days following v&hg final injéction, the rabbits

ol e were boosted with 2 mls of a neat solution (i.e. 3.36"
\ = ng/2mls) . On the 24th day, the rabbltaj were bled and the

’antisexum was Ssolated.
j Antise:a againat whole Y_axs,mj_n mg_km bacterl,a was °
obtained by intravenous immunizutlon with heat kllled
10
0~

,bacteria (1x1 cells/dose) twice ‘a week for B weeks

“,Eollcwed by a honster lnjecubn 2- weeks later. ,Rabbn:a

. were bled approximately 1, week& aﬂ:er the laat 1njectlun.

= “ J -

: L 2.15.6. Hemagg’lutinai;ion gést .
S By : .
The -antisera w:7heat inactivated at 56°¢ Ecz 3

" minutes. sj.xteen

5 ‘were p:epa:.ﬁ_tn which 0.2 ml of

'phosphate—buffeze?/sanne was added to each. - ‘This was

= followed -by additjon of 0.2 ml of antiserum to the flrat

° _!:|_xt_:e and the_antigergm waa.aetially diluted sequentially.

© 27 200 ml of the/lipopolysaccharide-coated Human"type ‘0 red

. blood cells’dr the artificial gly}:ocon,ju.ga‘té-coated' human,

type d ted bieod cells vere ‘added to each tube and the -
i § lsolution were- incuhated at 37 for 30 minuten. The test
-was c?pleted by centrifuqa\:ion at 1000 rpm for 1 minute.

The agglutin tion is read teﬂtatlvely. ’l’he titer is ‘the .

. Yoo -
LY. . Teg procal of I:he highest dilutlon swhich gave vlsibla 2

© glutination‘ L



o o % .3 “a 2
2.15.7. Dnonger{tio? of mtlbody.productlon

A 1% ltnndard agar vns pllted out in standa—zd *

dl!inlbn plate;

snall citcular vcll:- were cut k:ound ..

the ckc\mlnence of a cent:al vqll. Antiserum- (0.1 ml). .
‘, was plnced in the cent:al vell, while 'serfal dllutionn ot ,
. Lpé were, phchd in each. of ,the perlph‘:al vell S
_,zatu uere incubated at room templnturg\for

“hours 1n a humidity chumbe

“An innoculating:loopful of a 24 hour culture was -

aul;;énded i'n a drop of'phespl;ite—buffered saline (PBE)

pﬂ7. +To the anapeneion one drop ot antuemn was added,

the uquld wal :otated 80 thac if antib«dlea were present, .
:he cells_would agglntlnntu. 4




3 1.. ISOLATION - AND CB _AL ANALYSIS OF THE Q—SPECIP}'C

: POLYSACCH@RIDE AND THE CORE—QLIGOLIGOSACCARXD

241 of | ltuted medlum afforded 56 g of. drled cena 3
which gave 326 mg of lipopolysacchaddé after exl:ractfon
¢ by the phenol/watér methodxof Wastphal and J nn(l?)

was not further puriﬂed. .
nalytical studies on the [.ps 1ndicabed ‘uhat it -

contained phosphorous and 3-deoxy-n,munn-2 cctulosonic

acid KDO in the umounts shoun in ’l‘able 3} ele 1

’ The 11popolyaacchatlde had ‘an appazent mqnosuccharids '

. -composiﬂon aﬂ:er hyd:olysia with 1 H trifluoroace:ic-acid

(1&_ houxs at 100 ) of D~ glucose, X } ;dc-z,s-d'-‘ " R
glucose (E—quinovcsamlne), D~ g\lyce:o-n-m]m haptose, P
-g.lmx_n, _l_);- -hept:ose nd 2—acet:am1do—2 deaxy-p,—qlucosa
(n—glucosamine) 1n the approximate mo : L. raHo og
8 1 ) 1 5:0. 5:2:2.'(Table 3. 2 ).,
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TABLB 3 2. SUGAR Am!BIE OoF SJ-103 LIPOPOL!SACCI{ARIDI,

f ’ ', ccn- OL 8 DE ARD o CIPIC

Koo~
; 3 ” -
s-nm as -mm Les Core aligosaccharide 0-spicific antigen
. it i
3 a a K o
bcte T | zaaii® XTI R PR - :
Copme - 19.3301.5) - S sz | 42.87(2.0) 26.0601.0) &
. saes) o w00 : = Sl
came - | a0 . o R
tane | a0 % stz . 20.3201.0) £28.1401.0)
. 4, 6-dideoxy- . s 5 N
§ (ll-dhcezyl)-hunu e s . - - ¢ 16.15(0.6) .. T
R abydrolysis with 0.1 trifluoroacetic atd. - -~ v oo T
. boydrolysis with anhydrous hydrogen fluoride. = .

c.Value in parentheses are-approximate relative molar rattos. -,

- peGle = D-Glucose

D-QuiMAE » O-Quinoyosamine: . e g ¥ . - “A

B n—qlmm-u-a.m.mu'm e

Hep = L—q),cm-u-mnnu-uemu




9% ! N )
T “XE : 3 g :
Mildacid hydrolysis of the Hipapolysaccharidewith

—————18 acetic’acid followed by Eephadex \Chromatogruphy of, the .

supernatant. salution gave two carb ydratencontainlng
icomponents corfesgonding to an Q—apecific pplysaccharldev
N ~. ‘ g

with K;v vnl’ue'of 0\.4' -\u>.5 and a. core-aligbsﬁcchhtide' a Lt

Cwith Koy value of 0.6'- 0.7~ The amounts: of these .

componentg averé?ed 72% and '}'lh resf;gctively, of the

recovered carbohydrgte .

= Unlike the lipopolysuccharides of a_ex_p_m_q_m

: hﬂw chemotypea I III(lZG 127, 144) And W_S_b_qu
Qx_nu(129), ‘the Q—specxfic antigen of e;s;nig r_ugkgx_i is
the maln constltuent of the polysaccharide };ortion uf the

cleaved upagolysaccharlde. PR

“.The purified-0-specific a_nt'ige'ri was ;a white water-

“moluble powder. that had ‘a [a1% +:42.5° (g 0424, water)

and was. free of urnnlc .acid and’ fatty acid, when estimate? o l )

“by thedr respective ussay methods (145,146).. .
~During, treatment of !:he Q—speci'ﬂc polysaccharrde
with anhydtcus nquid hydrogen ﬂuoride (8 hourg, 0 )(147)

follouad by purif!ca&:lon on high-voltage pape: electro:

photesiﬁ, a’ positively chatged unknown amino suga: .

mlgntlng faater than 2~ acetamidoﬂ '6—dmeoxy-g qlucose
¥ and Z-Aoetnmldo-z deoxy-n-glucose was obse{?ed. : Thiq)
" amino -sugar dia not aurvi,.ve acid hydrolyaie with’ (i

_rela‘tivaly mild acid such ag 0.5.-M trifluoroacetic acid (4

- hours at 100°) and vas totally degzaded.’ This obaervguqn A



| may explnin the ubsence nf this unk7oun amino augar in tha :

sugar annlysia of sthe 11pop01ysuccharide. |

% T 'The unknown amino sugar gave/cn thln—-uyer chromato-
graphy (t l.c.) a spot staining Fink— with ninhydrin wn:h

RGlcN‘l'". 'l'his unknown amino quqar was_ also viauulhed

by the Trevely&n reagent(uﬂ) Analytical’ nsaay(llS) -of

© this unknown amino sugar 1ndicated that it muy -contain-an”
n—acetyl group which was. confirmed by mnsa, apectul
studies. » - )

In effect, t:he identity of this . unknmrm amlnu suga:

has been eatabllahed by mass spectn of its aldltol

ucetute derivative uslng electron 1mpact nnr] cmlcal

1on_1zat!.on (methane) as 1.2 3, S-tetta Q_—aeety :

aideoxy-4 ’N.-diacetyl) jexose (Figute 3.1. ).

In the electron-impact mass spectzum of the nldu:al
aéatate of the 4- umino—4 61 dxdeoxy-l (N—dhcatyl) hexose,_

the frag fon E: was'g ’_ q by fisaxon ‘between.

W Q—Z Q—;i and C=3-C-4 catbon atams to affo:d reBpectively
'the primsry_rzggmentzions, at n/z ‘145¢ and 200 (Fiqll",

313). These ions were degr ed to y £

lona by eliminat;on of becene (42 a.m.

(60 a.m. u.). Another lmportant mode of Ezaqmentatian

f acsth acld

occu:red by elhninauon of ' une molecule
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acetic acid and one inolecuie of keten_e'to yield the

fréqment-idn at m/z 182 (Figure 3.2.).

The ch‘emical"iovnhatlon may spectrm’ Of ‘the alditol
acetate of 4-amino-476~- -dideoxy-=4- (N—diacetyl)-'bexose _
showed the p:otonated -moleculat-ion [M+Hl at m/z 98
(base ‘peak) and the seccnda:y fragment-ion at m/z 358"

. generated by the 1088 of one molecule of acetic ucid fmmv
tne [M+H] ion (Figure 3 1 b. ).,

The” eleclron-impact and .the chemical-ionizatlon nass

P and f 4n;~ i of the alditol acetute

of 4-amino-l 6~ dideoxy- u—diacetyl) hexcae confirms the "
presence of " the 4= u—aiacetyl g:oup on th!s unlque 4, |
Aideoxy-amino sugar. . T G B i

’ Treatment ‘of Q—specific polysaccharlde wlth 48% ot
k;yd:oqen fluoride. (12\hours; 0® ) folloved by ;eduction’
;with' 'scdlum bor';)il}.'dride ‘and acetylati&n vléh Py ine/
'acetic anhyd:ide (30 min, 100 %) affo:ded (An additlon tg
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afford the primary Ezaqmentutlon ions at m/z 217 and m/z
1 158. T’ne@e ions were degraded:to secundary f:agmen!: dons
by eliminatian of acetlc acid (60 a. m.u.) and ketene (42’ ¥
i u.mu). (Ngure 3.4 )' Wl =
The c.i.—m s. of the peracetylated 4,6~ dideoxy-4—

acetumido—hexitol derivatives showed the protonated
moleéulat ion [M + B] at m/z 376 (base peak) and the
5 .secondary f:agment “fon: ut m/z 316 gene:ated by the loss of H
; 1 m lecule of Ecetic acid from— the protanated mnlecula: ’
* ion (Pigure 3.3, (b)]. . ’ '. q

- 5 _It ie evldent that 48& hyd:ogen fluo:ide has caused
“pa:tial N_—«dencewlation Ln :emoval of one acetyL residue
'::ﬁzom the u—dlacetyl g:oup at Q—A as confixmed by E.I. ‘and
C.I. mass’ pecttometxy.» E . \’ e e W e
i : nalysis of the Q—apeciﬂc polyaa.cchat!de wit)f
vthe unhydrous hydrogen fluoride methnd 1nd1cated that it
was appa:ently cmnpoaed of n—glucosamine and ,4 amino-l G—
.'dideoxy—l (k{-diacetyl) hexose in the approximate molar

- p:oportions of 1:1x0 6" (Tuble 3.2.). ¢

Due to. the lack 'of known scandarda of : this y Neoxy-‘ 'A i
amlno‘ sugal‘ serigs, the g. l.c. téaponse factors of the i
-alﬂitol acetates and the partially methylated alditol i
abetntes hava not' been calculated and the:efoxe the molar

. ratha Propoaed tu all sugar and msthylatlon analyses u:e

o tentatlve. A




m-——ﬁf—nn -—-m—‘““




. .+The identity of 2-acet 1do—2 6-dideoxy-hexose and 2=
1" acel:amido—z deoxy—hexoae were estahllshed by experimentul

compnlson of the g.l.c. retentiem time and mass spact:um

I with thab of au 1 ic samp;es g : with their optlcal

{ . ‘

rotatlons. - . 8 . 3 o

'l'he n—confiquration of the 2-acetamlda—216-dideoxy—

' qlucoge nnd 2-acetamido-2- deoxy-qlucose was established by
-él‘ie Sp‘(ﬁm. rotation of ‘the sugars isolated from the‘\/\

. hydrolysate [p- lcNAc; ta] +so-uo° (;1, 0.02, vater);: D~
oumnc, Loty 455-—-11° (g 0.01, water)]. ‘and by the'g.l. a.

of the t:imethylsilylated ( 2 butyl qucoslde

of Gerwiq ;: 51(150). 'l’he canfiguutlons of  the 4-am1nb—‘

4,6 dideoxy—d—(n—diacetyl) hexoae and ‘its . 4-acetam!do'

darlvatives ar 3 sti’ll undet study and have not yet been

3.2, N_lJCLEAk MAGNETIC RESONANCE . * \

321 tenomer. ) Teos T, . A

n;cha:ide shwed m:e: u.u tvu mnomedc slbnals at 5. .02
-
(S. 1!. le ‘02 nz, B-l) and at 490 (S, 18, alz 0.2 - "

Hz, : 1') ppm indlcating an - configu:ation and one

hnomezlc _gnnl “at 4,800 (d, lﬂ, "1 2-8 .5 %z, B—l") pbm

1nd lcat 1ng a

onﬂguutxon. The spectzum shcwed two



) ‘108 . )
¢ signlals fo:\lmethyl protons at} 1,23 (4, 3H, 05'337-55—,—"1.1‘30-
/ §) and at 1.32 (d, 38, Jg ¢=7 Bz, HjC-6') ppm of 6-deoxy
sugars and three signals for N-acetyl groups-at 1.95 [S;°

6H, A.u,-:(cot;aai)ﬂsz‘gﬂ, 2,04 (S, 3H, W-COCHy') and 2.18 (S, 38,
¥-COCH;") ppmyiE.A

here was alsora signal for an Q—'(cocng) '
\ . group at 2. 14 lppm inkegrating for 0. 21 of the 6- decxy
_methyl protons. 1ndicating paztial subﬁtltution of the Q-
specific polysacchnride with 21% of Q.—acetyl qroupa._

. There weré also vanoue signals zesonating at ‘3. 20-27"
_ppm which corresponded to the ring_ protons of ‘the vurloua h
glycosyl poruons of che Q—spec!fic polysaccharide. 'f‘he
’ resulta suggested ‘that the Q—specific polyancchurw

_composed -of: a tris_acchar;de repeating unit (Fiqute 3._5.).‘

32.°2. Cn.m.r.. : i

: 13 o ‘ — iy
o =} ‘The C-n.m.r. spectrum of the Q-specific %
polyéaccharide‘ shbwed, inter aun | Elve: carbonyl a].gnals

-at 178 62, 174 90, 174,61, 174 .39 and 174. 16 ppm Hhich are

:consistent with the presence of four " n—acetyl groups and

one Q—acetyl group (Figure 3, 6.).

: In che anomeric rebion, thtee unametic carbon attms
- were observed resonating at 101. 07, 98.01 and 97.60 ppm
',_which were attributed to the z-acetammo 2= deoxy-a-u.—

T '._qlucoqei 4—amino—4,6—d1deoxy-4 (u—dlncety;)-ﬂ-hexoae and

xdo—z G-rﬂ" -a—“. lucose:’
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Eimllkly, in th’e region .uepﬂeldvof 90 pbm,. thére were

three signals. at '81:60,. 79.10 ana' 77.40 ppm which wera L
'Attubuted respectlyely ‘to the Q—! glycosylated carbon ;

S atoms of , the. ufarementianed amino sugar residues, “in- the

same ordetl ; I,r the reglon fop carbondinked to nitroqen,
there are thrge signals reaunating at ‘54. 64, 54 42 and
52. 53 ppm assigned to. the two —a—z deoxy oarbun atoms _and g

. —ona c_—l’ deoxy cu:bon atom <of .the 1 p- and 2 o-dideoxy-

nmino sugan 1Ealdues, respectively. The presence of N- .

‘acetyI q:oups and Q—acetyl -groups were cbserved at-23; 89

and 21.08 ppmy respectively. ",“ 3.

’!herefoze, in the region upfleld irom 110 ppm, we,

~ obsa:ved in total, tv‘enty-two catbon atom resonances whlcha

tend to 1nd' ate that the Q—specific polysacchazide‘

X cunsists of a :risacchazide repea\:lng unit. o

< The _absence in the 13C—n.m.~r. spgctra of signals 1n

l:he'L region of 82 to.88 ppm haracterlstlc of furanosldes,

1naicates that. a11 the monos:accharlde (esiduea in the [

quciﬂc‘ﬁalyaaechadde vere in the pyranose form. . -
X o . A T

. .3.3. METHYLATION A'Nn‘yszs T .

i Hethylatlon analysirof the Q—apec.ific yolysaccha:ide

by the* Eakomo:l method(so). followed by hydrolys.ls wlth § S
. u c:iﬂuoruaceuc acld, reduetien with aodlmn )Jorohyd:ide

erivathatlon ns aldu:ol aeetates afforded- 1 3 5- .
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tri -Q-acetyl=- 2 ;6= dideoxy 4-0_—methy1 2—4u-mathy1- G

aceta‘mi&o)—g—glucosey 1,5-di-0-acetyl-4,6- dldeoxy—2,3 dai-
Q-methyl-4~ (l{-diacgty'i—)—hexoaey 193,5=-tri- Q—lcetyl-z—
. deoxy:;,s-di;Q-lhethy]f-Z'-(u—methylaée’tami'do)-n—glucouey and
i 1,3,5-tr i-0-acety1~4,6-dideoxy-2-0-methyl-4- (N-diacetyl) -’
”‘hexose in the”ap‘érpx‘ximate molar t'gtipszsho;m in Table 3.3.
T;é identity of” this novel series ;f_methyluted .
alditol’ acetate. derivatives was effected by mass’
" spectrometry. . : . -
The e i.-m.s. of 1 5'—61-Q—ucety1-4 6-dideoxy=2, 3-di-.
Q—methyl 4-(&-dlacety1) hexitcl is skmun in E‘igure
0

The’ fragmentation pattern 1s governed by flssion
between ;—3 ¢-4 carbon atoma to yield the’ primuy'
fragment—ione at n/z 161 and 200 respec:ively. . These 1ons‘

‘ate ac Anto ‘econdary fr \t-1ons by eliminatlon‘

' of "acetic acid (60 a.m.u.), Ketene (42 a/m.u,) ‘and

< . methanol (32 a.m.u.). An important route of fragmentation

arises ‘also by ‘fission be‘tweén C-4-C~5 'carbon atézﬁp which .

- © « produce the, minor priﬁgzy fragment-ion at n/z 274. "This

latter ion is the precursor. of the fugment 1on at .m/z 214 . .
(Figure 3.8. ) whlch yields the fragment ion at m/z 182v. Ve

ik The c.i.-m.s., of 1,5-di -Q-acetyl-4 6-dideaxy-2 3= di—‘
Q_—met}wl 4-(K—diacety1) hexltol [Figure 3 7. (b)] ,ghwed

the p:otonated molecular—ion (H+H)+ ab n/z 362 and the s ; : :
T aecondaty fragmenc-ions at w‘z 330, and 302 which zaaulhs.v-'-‘:




! "TABLE 3.3, ‘nﬁqxuuon ARALYSIS OF 5J-103 Q-SPECIFIC ~

S ~°  POLYSACCHARIDE

methlated sugar® o P, ’in mole %
= - % - . \ g ‘. .
4-QuinMencS “1.09 .. 26.347(1.3)
i - ¥ ¥ D
2,3-sugh(ac),? 71 .0.13)

4,6-GloNMeAc® " 24,12 (1.1)

2-Bug (NAG) 2£ v v i

.a As nldltcl acetate derivative.

,’ -—-——Retentlon times relative to 1,5~ di Q—-acetyl 2,3 4, 6-
¢ tetra-n—mgthyl—g-qlucitol, on column C.

°v4 -QuiNieAc=1,3,5~ t:l—Q—acetyl =2 S~dideoxy-4-9_—methy1 2~
(n—methylacetmiﬂo)-g— lucitol.. B

. 2,3-81 g NAu)a-l ,5-61-Q—ncety1 4,6- dideoxy-z 3= di- Q—
) - methyl-4-(N- iacetyl)-hexitbl

<8 3 6-G1cm(enc-l,3 L td—Q—acetyl 2—deoxy-4 G-t‘]i Q—methy1~
2- (u—methylacetamido) ~D~glucitol:

2-§ug(NAc)2-1 3,5- trl-Q—acetyl-l 6 dideoxy-Z--Q—methyl -4-
lu-ducetyl)-hexitnl.




,.!]gn:e_ 3.7. . Mass .pect:n 1-0~ae:
R 2;3-di~Q~methy: (I—dhcqtyl)- exitol .
a) aa.ectron—upu:t and’'b) chn.lcd-hntntlom .
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', from the (M+m)™ ion. , o
“ The e.i.-mys. of 1,3,5-tri-g-acetyl-4,6-dideoxy-2-gl.
- L methyl-4-(N-diacetyl) ~hexitol is ‘shown in Flgure 3.9.(a).

The riaos; pr'ominent t:l‘eavages of él‘xe il;iitol eatbon‘ph'a!n

'o.crcix:s'betwee‘n C-1-C-2 and Q—3—Q—l_cub6n n“tou}\srte nﬁfqrd,’ '

-';re}speétivelx the primary f‘ragment-giogs‘nt m/z -316 pné 200+ .

These ions are ‘degraded 1nto \seconda:y-ions by ellminnclon
" of acetic acid (60 a.m.u.); ketere (42 a.m.u.) and "’

‘methannl (32. a.m.u.) (Figure 3.10. )- - \

The e:i.-m.s:-of 1,3,5- tri—Q—acetyl -4, Grdideaxy-z-Q— A
methyl-4- (u.-diacetyl) hexitol (Figute 3. 9 (b)) ehowed the
’ ptqtonated\moleculur ion . [(M+m]* at,m/z 390. . The' se.cqndary

Erag’ment—ioi\ at m/z 330 occﬁrs by eli‘minq‘tion:‘of'aﬂ

vmoleclﬂe of at;}cld E:om the [M+H] lon. ?
- T ,Interp:et on of the‘ﬁmts of the g 1.c.-m.s. £

analysis of the putially methy].ated p:oducts of the o
‘ apeclfic 'polysaccharlde ehowed the presence of the fully
methylﬂ:ed monouccha:lde unit 1, 5—dl Q-acetyl-4,6-
dideoxy-z 3 di Q_—nrel:hyl.-4 (u.-diucetyl)-hexose which was .

i al:t_ubuted‘ to thg nonredncing_‘termlnal group: 'l‘be».l .3 5_-

tzl-Q’-’_acetyl—z—deoxyH,6-_&1—Q—gnethy'1-2-(N—methlacetamldo)f

: .| p-glucose is asaléne& to a"residue 1linked 'thrdugh>o_-3 Eand

b J;he preaence of 1,3 5-trl—Q—az:ety1 z,svdideoxy- —Q-methyl-
:2 (u—methylacetamldo)— -glucdae and ]. 3,5-h:£-Q-acety1-




mtrn of 1,. .s-t:l—a-ucntyl-l,
-dhlcoxy—z-e—ntlu —4= (rdlu-tyl) -
1 a) - el lec! ron-!.qlc b)
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conuscent vlth :elldues Tinked through w:. The e.d.-

. and c.i.-mass_spectrum of 1.3 5- txi—Q—acetyl-z—deoxy—l 6~

= u—-ethyllcec“hio)-n-glucose and 1,3.5—"1-

Q—acetyl T,G dideoxy=-4 —Q—methyl-Z-(n—nethylacetanido)-n—

S glucose are nluattlted !n Figures 3.11 and 3 12

Vi L teapectlvely. ¥ v
It is clur from the above obu:vattons that .the O
apeclf(c antigan As:- conposed of trlsaccharide repeutlng
5 unlt@},(l-ﬂ) llnked g—g’ coaamine, (193)-1linked" g—'.'v‘
qulnovosamlne nnd (l—l')—linked d-amxno-l 6-diﬂeoxy-4 (M=
_(E. 3
X 4 dhcetyl)-hexouyl renidue is situated at the nan-teducing’

,diacetyl) hexdu and thu(: the l-amino-l G-dideoxy

& N

Pron the lolar ratlo of che non—reduclng terminal

resldue dideoxy-umo angar to any one of the constituants

of the t:lllonhutide rgpeat{ng unit, ve can extxapolate'

thlt the Q_-sp-ciflc poly-acchariﬂe is composed '

approximately of 12-13 tzisacchatld‘ zeput!ng unlts‘

3.4, LOCA'I!ON Ol' THB O-ACETYL GROUPE IN TBB Q—SPBCIPIC K
i PDLYSACCBARIDB

-’Txeutment o!'the n—speclfia poly!Acchulde with "

nethyl viny:l: .ether by the method of De’ Belder and
Hcr:nan(lsl). vu followed by Hakonor1 methylatlon,
hydtolylis. ndnution and. ncetylatlon gave 1.3 S,G—tetra-
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Q—ucetyl-Z-deoxy-i-ﬁ-nethyl -2 '(R-npthy]‘.a'cetamldo)-n-
glucose and the alditol acet-tea of 2-(N-methylacetamido)-
2 6 diﬂeoxy-n—gl' cose, -ucetahldrz-ﬂeoxy-n-glucose and
t:u_:es of AL;cetalldo-l,6—dldaqu-hexose {n the
approximaté mojar ratio of 0.2:1:0._7:0.1:\(151719 3). -Thh
result indicates r.l';nt approximately 20%, of the 2-
ace‘tam1db-2-de;:xy-g-gluqos;.e has been ‘methylated at
position O-4. ’
3.5, sMITH nscmmxou )
~

‘l'he O-speclfic polyaacchaz!de vqa axldiyd with

aociiun metapetiodate( reduced, with’ sodium borohydxide,

purifxed by chrouutog:aphy on Sephadex G-15. ana

__ acetylated. - Sugar nna].ysls of the purified polyol uaing

the‘48\ hydtegen fluoude_ nethod 1nd!cuted the presence of
z-ncetauiﬂ.o—z,G-dideoxy~g-glucose, Z?talllldrz-de"oxy-n- .
X

ose in.the molar

glucese and l-acetnﬁo—l 6-dideoxy-
‘. ratios of 1il:0. 4. K

The periodaee-oxidhed polylnchadde was anbjscted
to a Smith deg_:ggatlon ‘with 1% acettc acld_ (3: houu, 10009),

" and purified. by tography S on’ dex G-15 to yield
y mainly a polysaccharxde which wau almost ldantical to the

nntive Q_—qpeclﬂc polysuchazide._ sugu annlynin of th'
purified Smith degraded polyqqccharld. was idantical,_to
that of tl;bn pe:idgnte-mgﬁdlzeh'o_-n;'m:..l!ic polysaccharide.




Hethylatlon analysis cf the smith degraded poly-

saccharlde guve; 1 5-di-Q-acetyl~2, 6~ -dideoxy-3, A—HI-Q-
methyl 2- (u—mathylacetamido)-g—glucose; 1,3,5-tri-o-
acetyl-z.ﬁ didecxy—4 O-methyl-2- (u—methylacetamldo)-g—-
glucosey 1,3, 5 tri~-Q-acetyl-4,6- didoe;(y—z Q—methyl—d—(u—
diacetyl) -hexosé 'in the agpropriate molar ratio of ) f
0.1:1:1:2:0. 8; which were identified by g.l.c.-m.s. (E.I. -
undCI)(Tableil'i).‘ P e w . P .

The li-nem.r. (500 MBz) and th‘e“‘13C-n.m.r. (125. MHz .

»and 20 Hﬂz) apechra of the Smith deg:aded Q—speclfic
polysacchadde were almost identical tu that “of the native—\

B o-polysacchgrides B

3.6. NITRODS ACID DEAMINATION - __

The Q-specific’ polysaccharide was 'E-deacetilatjed by

the lfwtho‘d of Kenne and Lindberg(90)-. Déaminat{on of this

N-deacetylated g-specific polysaccharide,” followed by

augu analyais [¢98 ] ttifunracetic acid) afforded a mixture

E of decompastﬁion pxoducts that could not be identikied by .
g. l.c.—m.s. ‘The N-deacetylated polyeacéh’aride was .0 .

,deamlnated once more, and wlthout acid hydrolysis was
" raduced with aodlum borohydride and acetylated. G. 1.|:.

m.8. annlysis of the deamlnated produccs lndicated that it
waa composed of 1 3, d-tri Q—acetyl 2 S—anh?gl:o-ﬁ deoxy-n— '
hexose and 1,3 I.s-tetra-Q-acetyl 2,

-anhyd o—n—mannose in

) thg appr_oprllage.‘molar g_atf\oa of. 1_.‘1 2.,



ne_thylated s_ngata ) in mole %

" 3} 4= Quinmeac® . S 0.8 Se 1.8 (0.12)

4-guinmeac? . {0 hos 21.6 . {1.0)
'4,6-GIcNenc® o159, 24.84'(1.15) -
2-sug (), o 166 19.45 (0.9) °

2 as alditol acétate dertvative. "_; PR
b Retention times relative t:o 1, 5 di- Q—acetyl -2,3,4, 6-
tetxa Q_—methyl—n—glucitol, on culumn C.

3, 4-Qu1NMeAc=1 5~di- Q—acetyl 2,6 di\ieoxy-B 4- di -0
-methyl 2 (N.—methylacetamido)-n—gluci‘
4 4 QuiNMeAc=1,3;5-tri-D-acetyl-2 s»ameoxy 4= Q—methyl z-
u'-meehylacétamido)—-g—glucitcl

,e 4,6-GLcNMeAc=1, 3,5—«tti-rQ—acety1-2-deoxy—3 4 di—-Q—methyl-
'2 (u—m&bhylacetamdo)- .gluch:ol. )

£ 2 Sug(NAC)z‘l ¢3,5= t:l—Q—acetyl-d 6-d1deoxy—2 Q—methy].-d-
(n—diacatyl) hexitol.
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Bnkomori methylatiun of the reduced degminnted poly-

aucchnlde ,afforded 2,5- aphydzn -6~ decxy-'.l 3,4 tri-o-

sl mathyll -R-h 0 aﬂﬂ. 2,5 y 1 1374, G-tetrcvg-methyl-n—
? - Jmannose. in ‘the appropriate molar zauos of 1:1.3. (Table ®
Gh, B b
4 5 7.5, B . . .
s ; _' i ) 5 \\ - . : =

' ' 3.7.. PARTIAL ACID HYDROLYSIS e ¥

v

Hydrolyals of the Q—apeclfic polysag:charlds with 0.5 H
sulfuxic acid for 30, 6 and 90 minutes at 1000 zeaulted

) in the tot:ul : “:iun of the - do-2 G—Mdeoxy-

n glucose and 4 acetamldn-A 6= dideuxy-4 (u—dia(:ebyl)- -, "
hexose. i it ‘. 7,7, M BT e Bl
Hilder acid hydrolysla wi'th 0. 5 M- trifluozoacetic %

acld for 30, 60 and 90’ minutes at 100° did not cleave the -

Q,-polymer into oligosncchnrides or d‘iaaochaxidea but g ,"

» y»lelql_eaia_ome of- its constituent montisuccharides.,

M:tempted“ hydrolyses of the pe‘met}nyll,ated Q—speéiﬂcﬂpolf-'-

i,aaccharide with 0.5 .M t:ifluoracetic acid at 100 for 30,

60. hnd 90 minutta [esulted in the partlal cxeavage of the ‘

'-petmakhylnted poly\mez Lnto bts 'constituent mono-

saochar]des.

i Lo
»3 8. 6HROHIUH TRIOXIDE OXIDATION




TABLE 3.5. !B’l‘mTIOH AHAL!SIB OP THE" DBAIIRA!'!D

Q-SP!CIPIC POLYSACCHARID!

methlated sugar : '.l.'2 - o in loia L

.2,5-anhydro-6-deoxy-1,3,4  0.41 C . 29025 (1)
g -t:i—Q—methy]-g—hexose a 0 . T

. 2,5-anhydro-i,3,4,6- tetra- -0.63 38.80 (1.3)
Q—methyl-g—uannose ° . p .

2 Reténtion time relative to 1,5-di-Q-acetyl-2,3,4,6-
tetra-Q-methyl-D-glucitol on column e.




)

Cae

dlme:hylfctmamlde md waa acetylated with a mixture of
ncet"c anhydude/pxtidiné (4 hon:s, 100 ). ° The.
yeucetyluted Q-specific polysnccha:ide was oxidiztd with

chromium tiioxidé which produced a dark producr..

‘Purification by chr phy ‘on ‘G-15 followed

by ‘bug%r analysis indicated the oxidation of the 2~

acetamido-2-deoxy-D-glucose, and the complete.

decomposition of the remaini{ng diéeaxy;amino sugars.

3.9. D'Is({uss;ou . ) e **

gy, B Althnugh va:lous Q—specific polysacchuldes 1solated

. trom ‘the. llpopolysaccharides 3 ditterent spgcies of
X_gu.uun gn_/hgx_o_gn]_um have been studied, this thesis
preaents the- firat investlgation on. the st:uctuze of the
Q-speciﬂc polysacchazide 1sol\ated from the virulent
strain !.r.u.mu ms:kgu.

'l'he llpopolyucchuide £rom this strain of Y. mkgu

-was obtained from the -dry cells in a :elat!vely :Low yield. N

. 'l‘hla 11p ypolysaccharide was ) of large amounts of ~

an Q—apeclflc polyuccharlde and lipld A in add!tian to a
amaﬁ quant!ty of co:e—ollgoanccha:lde. The. atzucture of
‘this co:e—oliganccharlde wiu ot be dlscussea in thia
thuia. ’l'he p:eaence of 2-acétamido-2,6~- dideoxy—n glucose

(n—qulnovoaamlne). 2-acetan1do—2 daoxy n—glucoue (g—

gmconninc) and 4-amlno-4 6= d.ldeoxy-d-(u—diacetyl)-hexose




: fluoride were used. :Treatment of theiﬂ-speclfic 5

3 uhich was confitmed hy edi.- and c.i.- masa spectrometry. =

whereas treatment of the Q—-pc\lymer with 48\ hydrogen

461deuxy-am1no Euquz was eatabllshed by e.i.- and’c

" amino-£, G—dideoxy 4= (N~ diacetyl)-haxnue.,
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contrlbuted enormously to che 1fficu1ty in fomulating

the- chemlcal structure éf the Q—specﬂin polysgcchnride. B
Definite anulyses o% the monosacchulde p:ssent 1n the Q—

speclﬂc polysaccha\rlde and deth)ed pmdubts waa only ,

possible when anhydraua hydrogen fluoride or 48\ hyd:ogen

g o 2 '
polysacchuxide ylth' anhydrous hydrogen fluoride' 'reagent, .
followed by acid hydrolysia under mild- conditions gave a .
good yleld of -amino-4 6~ dideoxy—d (B= dlacetyl)j/haxosa

It 15 to be noted that hydrolylis of the Q—speclflc

polysaccharide with mineral acid -such -ap 0. 5 H sulfuric

_acid resulted 1n the | tm:al dacomposlclon ‘of some sugn

teaidl}es constitutlng/the Qrspeciilc polysaccharldeo

4o
fbuurlde affo:ded the. pa:tial u—-ﬁeacetylation of the 4- v

) amino-#4,6- dideoxy 4- (u—diacetyl)-hexass {along with Yhe

release 'of ﬁ—glucosamihe’ and D-quinovosamine) to form 't‘l{e
4-acetanido-4 G-Giaedi{y-hexose.' The: identity of this

~mass

-spectmmet:y.. Hild ucld hyd:olysis of the llpopoly- w8

sacghuide and the Q-spaciﬂc polysacchnrida with 0 5 M 2
txxfluotoacetlc acid (47 honrs 100° )’ffoxded a!.l tha =
tespe&t:lve conatituant residueu with tha exception of 4- N

tThe confirmation ]

of t:ha presence of the A-amn -4,Grdiqwxyd-(u,-‘ducatyl)- i



. ‘-hexose is cor:o?o;nted from the results of‘_ the methyl- -
. - ntion analysis. : A v L ’ ;’Z ;

v: Hethylation analyala of the D_—apecific polysncchaxlde , ) ]

indicated that it was composed of three methylated alditol . |
-\}ealﬂues ndmely: 1,3,5- tzi-Q_—-acetyl 26— dideoxy—4- o -

. |

Kt methyl ~2= (N—methylacetamido)-g—glucosey 1 3,5-t:1-Q_—

acetyl Z*deoxy-A 6 dai- -m‘ethyl -2- (R—methylacetamido)-g—
‘-

glucoae nnd 1, 3 5 tri-g-acetyl-4,6- dldeoxy-z Q—methyl-A-—
( k(u—diacetyl)-hgxose whose identities were established by

»e.d,. and c.i.-mass ap’ectrometx‘y.‘ structu:ally these I‘

results ihdlcnte the p:aaence ‘on each molecule of .the [e23

5 Bpeclflc polysuccharide of three unbranchéd, 1nte:na1‘

o o gl (dlffeunt) amino sugazs residues whinh a5e linked through R
¢ o3 : .o - i
l't!e' presence of small amounts of 1;5-di-O-acetyl-4,6-

5 E e

o v dideoxy-2 ,3—%méthy1-l-(&dlacetyl)-hex‘ose_ 1n'di‘cate_s a 1.

‘terminal, non-:educlﬁg end'gro‘up. It‘lo‘giéa‘ll«y fdilows ,'

that the Q_-speciflc polysaccharide is .a linea:‘

¥ hate:opolynet of dif{erent (1—)3)- nked amlno sugar

= resldues terminated at the non-:educing end by the 4-

unlno-l G—dldeoxy-l (&-diacetyl)-hexuﬂe.
= The foregoing duta suggests that the linear hetezo-

polymer 18 coqatrueted of n trlnccharlde repeating unit.

polysaecharwe haalauly fndicated that the rm‘ly ‘eaidue o

luscsptlblx t:o petiodate oxidation would be’ the non-




reducinq,"teu?inul A—a'nlno-t.s—dldvoxy-l-(ll-d,(n'cetyl)‘-' #
_hexose xesldue.r If this |.vaa indeed correct, an ideal
sltuntlon vould then exist to} tha use of paxlodute
oxidation fnlloweq by Smlth dagradntlan. This, in turn,
would reveal the ldem:ity of the first sugar uslﬂue 1n ’
the trlsacchuida repeating unit and. hence, in thh
pa:tigular case, describe- the uquonce qf the sugar
."reslduu. 1 ._ - g ) . .
Methylation anulysis‘ Sf the 's-ltin dcqrndad
polysaccharide yhlded the rasyltn lhown in ~‘1'able 3 A
'these results 1ndlcate that t €. 1,5 -d1i- Q—ncatyl ~4,6-
dlﬂeoxy—Z.!-di—Q—methyl-l (n—dhcatyl)-hexone found in thi

analyals of the' origlnu- mater1a1 has been replacad

methylacetamldo)-n—glucoae and that the non-tnducinq. G

terminal l—a-lno—4 6-dideo: 4 ’u—dncetyl‘ h e unit is
linked to the Z-acotntdo-z G—dldeoxy-n-glnco-e through Q-

3 as {s in pa:tlal structure I.

—tsugp_-q—u-s)- --g—oummc-‘ixg-—p
s ; : -
: 4 T

* Bugp stands. for\4 amlno—\‘t\,ﬁ-d1danxy-4;‘(k-dlncet,yl)* y

hexose) N 5 - i
De‘nml_n‘n-.i_c:m of t’he N-deacetylated Q- 1

pbly‘la‘cchar_ida; followed by horoliydlid’o :ethtlbn_ and

acetylation afforded 2,5:—.{nhydz§-g—xg_-nno-o and 2,5-




anhyd:o-G Aenxy-g—hexuse (Table 3 e5%) e Simuar’ly‘f the
£ methylation of the reduced diaminntlon product afforded'

cha fully meth)rluted derivativas of 2 S-anhydro—g-mannoae !

~. and 2,5 y¢ deoxy-D- h { se regpectively.

e * The appearance of 2 S-anhydro—n—munnose and 2, 5-

unhydro—ﬂ-deoxy—n-hexose wikhout any ‘acidic hydrolysis of '_ :

the native Q—polysaccharide indeed conﬂtms that the
P
lutter is snle.ly cnmposed af diffe:ent amino suqar’

:esiduea. B I &

The fu,llure) to obgérvé the 'd'e-am'inat/l n _bﬁ:oducts‘ of

the ‘4-amino-4,6- ~-dideoxy-4- (u—diécgtyf)/-hexose 1ndicat‘e‘s

thut the lattex probab]y has e‘con‘npus‘ad *during 'N-
deacetylation. ’ :
13

“The" r. spect:a of the native Q—upecxfic .

polyaal:chnlde and ‘the Smith jei poly c ride were

auigned tentatively according. to known values of chemical
, é 4
¥ S

“shifts within the lite:atute(loz). F o

The 13C-n m.r. spectra of the native Q—specific
polysaccharidu ahoved 1n the anomer {'c :eglons thtee
equall.y intense rasonances at 101 .07, 98.01 and 97. 60 ppm,
1ndlcating that the Q—speculc polysaccharlde was compoaed K
of u triuccharide repeating unlt.‘ The configurntional ‘

Asslgnment on .the hexapyunosyl constltuenta of the,
:epeatlng unx ¥

arq mde uslng the anomenc one~bo‘nd l3c_

lﬂ coupnng constanta (1.1130_15)\



The magnitude of the 1J13C—1H Coupling conatant has
been demonstrated to be sensitive to anameric confiqura-
tiona. K ¢ v L

In. the p:aton-cuupled 13C-n.m.r. spectrum cf the
native Q—"épecific polyaACChazide, the ariomeric carbon at:om:
resonatlng ‘at 101.07 ppm had” a 1‘]13C—1ﬂ value oE 160 Hz,
suggesting the ﬂ-conflguration and was attributed to the
z-acgtamido~2 deoxy-n—glucopyranaae. The two anomeric

- caibo ntoms resonating at.98.01 an;i 97 .60 -ppm had ~a&"
"13c " value -of app:oxlmatemn Hz, which 1nd1auted
‘the-x-congiguration, were. atttlbuted to the 4-amino- ,6-

" dideoxy-4- (n—dhcetyl)-hexose and 2-acetamldo-2,6 rlideoxy- T

n—glucose ’ tespectively .

In the” teg!on ior carbon llnked to- nitrogqn. the

cafbon atoms teaonating at 56.65, 54,42 and 52,53 ppng:eu
T ,
it

assigned’ to the C-2 /ﬂgo;ty carbon atoms of 2-acetam 2-
: dequ-n,—glﬁcosé} and- 2: ncet’amido-z,S-dideoxy-‘n—glucoue and
the C-4 deoxy carbon m of 4-um1nn-4 6= dideoxy—l-(u—

. diacetyl) -hexose r :espect ively.

The data preaented 80 faz for the proton—coupled 13C-

. (125 HEz) and the g~ n.l. (500 Hﬂz) apectu of.

the Q—speciﬂc polysaccha:ide, ndicatea the praaenca of a’

. :epeating triaacchu:ide unit compos ) of’ ;hreevdit:uanﬁ g

’amﬂno—auga}:, resldue_s. : : e 7
The l?c-;n.m.r.‘ li_ﬁk;gq ass nﬁqptg of’ ;the‘ tri-

" saccharide ‘Tepeating ‘unit of  the) nétivé 'Q—‘spvqoltticb o




130 L L / o
polynccha:!ﬂe 1s consistent with its methylntion : ;
analysis., 70 . ‘ . o Iy :

s e spectroscopy of the Q—apecgflc‘pcflxgs‘ac»“‘f
cha:tdefhaaia_queatéd t;ﬁ: pté_senée of approximately 21% of \\

Q—Acetzyl qtuué (»rélative to the 6-deoxy'—CBz protons)

pnrtially substituting the natural polymex. ’l‘he presence

of the l—Q—methyl ether of 2- acetamldo-—z deoxy~g—glucose,
aEtex methyl vinyl ether tzeatment and me“hylatlon

anulyais ot the Q—speeiﬂc pnlysacchn:ide, conflmed thal:
the: Q-ncetyl group was on the 0-4 poaltlon of the 2-
acetamido—z deoxy-n—glucoae._. Uung the raeio of the 4~ Q—

cétémidc-

nethyl—detivntive to that of the unchanged 2

: deoxy n-glucose 1t is clea: that 21% subuutution is 1n

e}cellent aqreement wj\th that shown by 1B-n.m.r. g

1t is'to be notad that o sttuctural 1nformation was
obtained on the Q-apec.lﬂc polysacchatide when this: latter
vas subjectod “to pattul hyd:olyais with acid as- total

decompoaition of the feeidues oucuned.

i -1t has éan establiehed th;t the 4-amino—4,6 didoexy- .

I (N—dlacetyl‘ h e is the nonz ing, tem!nal 51d

o! tho main backbone of the Q—apeciﬂc"polysacchatlde and

thnt this nonreducing, tenn.lnnl dideoxy-amino sugar is

glycosidlcany 11nked through Q-3 of the 2-acetamldo-2 (6

dldeoxy-k—glucose. It is alao knwn that the bioaym:hetic

polymerl:atlon oi the Q—apeciﬂc po].ysacchqride' occurs viz :

grovth at the non:educlng end which is’ accompllshed by



ttannfgtt1n§ the newly activated repeating unit t_o' the

growing Q—cha_in (growth at the ncnreducing end). Since
the native’ ?pclyncehazide is @« linea: heteropolymer
conpoaed of a trisaccharide xepeating unit formed-of three
’dlffetent (1-03) linked amino sugau, it the:ei&e tollwu
that ‘the -Q—3 aubltitnted A-Amxno—l,s dideoxy- ‘(H"
dincetyl)-hexole il the\ last residue of the repeltlng
un:lt. .
By process of ellminu}ipn, it seems logical, wlth the B

i evidence p:esentad thus fat, to postulate that the, Q-3
linked 2- acetumido-z deoxy‘ n—glucoun,,puaenuy un=
assigned, muat be located us the first us!due of the -
' trisaccharide :epe\uting unit. : _
= -In an attempt to conﬂtm the -anomeric confiquutionl
of the -various glycosyl residues, ‘the Q—spacl!lc
polyaa\'cch&ilde was acel:yl’ute‘d and“ the product uubj,actut{ to
oxidu’éion with chromium t:ioxide. ‘During th‘a oxldntlon

reaction, the 2-acetnnldo-z—aeoxy-n-glucou was oxldhad o &y

-‘Avhich was conals;ent with the fact that the D-glucosamine
was indeed: p-unkad.. It is obvlou! thnt the l-linked 2~
acetmido-z E-dkdnoxy-n—glucose agd 4-um1no-4,6-dirleoxy-d-
& u-alacetyl) hgxosa would not su:viva luuh harsh treatnant
as 1t‘1mrbean proveq 152 153,154) thnt they are extramoly
labile. . . 3t e e, T

'l'hete are tvo points: which are not tuuy resolved in
¢

:nu 1nventigat_10n. .The asllgnlent of tlu relative lnd




-abloiuté"cnnflguritionl of thé I-Anlno-l ‘G-Gideéxy-l-(ﬁ-

d!.nunty x08€ hu:le not yet been establllhed.

- Notvithltandlng these two zalatlvely minor, pointﬁ:
111 nf tha evidence ‘présented is conslltent with the
£olm1ng structure formula. for the. D.-speciflc polync-
" charide of mnn.u ;u_guu $3-103 . S e .

)3 a5 (14 317 «-R-Quighe- (143) - p-irclcpteo-(1 2k |

" oc(a1s)

*ihere ‘Sugp. stands -for 4-amino-4,6-didecry-4-(i-dlacetyl)-

@ =
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4.1. INTRODUCTION

)

l;u:ing the last decade, rtiflcinf polysncchatido‘
prateln conjugates have baen extanxively used fbt lectin- .

polysuccha:ida nnd antibody—polyucchnrlde 1nt5u¢tlona.

The use of aoluble an soluble polyanccha:lde-conjugatu
has fnund great utnity in biological studies and numerous
merhqﬂs have been developed for.}their syntheses each for
the,ir o;m p\lzp:)se a‘n‘d having their own Vparﬁlcﬁlat
advantagea(lss,}—ss). Most studies of aﬁtibody—het{ro-
saci:haride reactions have resorted to the use of naturally

occuting ollqo— And pdlyaacchuridu.

One method that has Ehwn great venatﬂlty is the

direct, covalent hr nt of olig h rldes to .the-

~ amino gzoupu of proteins(1574158), 11#;&5(159)’ or

derivatized gelu(lGD) by reductive amination using lodium

Y C ,u.ide. T of this method are that it
‘is direct, :equi:es ninimal chemlcul mnipulatlan nnd is

performed ‘under axtumely mild canditlon'. Ons "of the

© major dibn‘dvanéagau of this method is that. it opens up tho

‘ring strugture of 'thé terminal  reducing sugar to generate

LA




: an acyclic uvlu.ne.n This could prove; in c ztai‘n cases, to

be debximental to the biological ptnp rtl\es of the
conjugate, Anot:\het drawback to this method is \that it is~
_ not possible to B:onjugate the polysacch ridel -having a -
‘ :educing ketose residue. This is consisre t with- the fact
that a sucmsful‘:eductive amlnation would reqﬁi:e the

1nt:oducticn of a small functionalized spacer molecule at

‘the ketnnic carbonyl g:oup. .- E " .-
ol b

a..z.~kxsum's E s ¥ \ a k)

polyaaccharide of L mkexi thh the n?vel

3 i
4.2.10 Reductive amination of/thejn—speqific

~

¢ l,6-hexanediamine linker arm 5 |

The Q-specific polysaccharide of. ma_i\x&h ruckeri
whiich is uﬁdér Qtudy in'this thesis,‘ as’ alred y mentloned, g

la compoaed of a tegulnr’hste:opolymeric strrxcture (o~

’ ‘polyeaccharide) linked to a core-oliogosucchadde. .- The

'sttuctute ,of. this core-ougouccha:ide has -bee pan:lally
1nvest1gnted and u: vas found. that it co tained a

.‘ temlnal.

reduclng B-deoxy—n-mmn 2- oct:ulo onic acid -
(KDO). . )
'l'he Q—specu!u palyaacchatid‘, dissolvs in water,

1
. Nas. reacted vith: a_n excess of: the novel linket,il;.ﬁ;-
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hexanediamine in_ the. presence of sodium cyunoborohydxide:
= A g -

At pH 8.0, the N-imine derivative I (Figure 4.1.) formed,
between the te:;nlnal reducing /KDO residue and.’the
aklylamino group was selectively.reduced to the aecor;dary
amine ,I_I_. The st‘peéiflc pt’alysaf:char15.8-1-(6—»A‘mi'r§o)-
hexane a}k‘ylamin‘e derivative was .purified by gel
chromatography. Fractions.positive éor m‘ignr. as well ab

’ alkylﬁmine, were pooled and q&nqentrated. ,.

° 6

\A 2.2. Preparation of Q—specif!c polysaccharide-l-

(6-$so|:hiocyanal:e)-hezune alkylamine der!vntive
= o s ve

- To a solution of  the poiysacchd:ide-l—(6-1sothiq-
cyanate)-hexane alkylam!ne‘(lerlvatlvg II ln 80% e'thanol,‘
t}miophoséene was added qr'opwiae under vigorous stirring. .,
‘The pH of th‘i-s reaction mixture was malntained at 770 ;
~When the .formation of ‘the isothtocyanate de:ivntive was
ccmplete (4- 6 hoth),_‘thg ;e»action mixture was co-

k distuled.with méthanol ‘'to ‘remove thé e):(cese‘:hiophcaqgné._

The formation of' the’ iSbthiocyanite derivative III

Kfrcm the cortespondlng amine II was easen‘t‘hlly .

L%




i P
. polysaccharide - protein conjugate.

" ‘pigure 4.1,




. B Cot e '

4 2. 3. Coupllng of :he Q-spe ific. polysaccharida-l-
(6-—1sothlocyanate) ~hgxa

ne alkylamine deuvative
to the bovine serum albu}nin protein ’

. Coupling of the Q—speclﬂc polyshccharld’e was

achieved by addition of ‘the isothiocyanate derivatlve II "=

to the appropriate amount of bovlne serum albumin protein ‘

N : in phosphate buffe: saline. After dialyals the p:oduct -1V
(Piv’gur.e 4.1) was purified by chromatography on Bio-Gel P-
- 150 ) . R

To evaluate t:he efﬂciency of the coupnng reucucn,

dlffetent mnhr amounts of the polysacchazide-isothlo-

: cyanate derjvate III were rencted with BSA. The zesulting, :
o polysacchn:ide—protein conjugates were purified und the

degree of substitution were determined by. analytical'

vasuays.. It was ‘established that ‘the highest degrea of

substitution D.S: '10) was obtained\using a3.6 molar

anut ratio of ‘the 1aothiocy ate. derivate over e~
Lg ; amlnolyayl’ gtoups of the BSA. . )

‘Immunologica\l properties of thé,élycogonjugate»g

The immunologital specificity of the unti—'Q-apaclﬂc

polysaccha:ide-ﬂn conjugate IV sera was determined by

pauive hemagglutinauon. 2 Antuen al{cltad by.
1munlzauon with thia utxflc!al glycouonjugate v were
nf
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- .. used. Lipopoxyauccharide extracted hon Y. ruckeri SJ-

103 was used fox cdatlng of the erythrocytee. The
antibody response, seen afte: immunization of rahblts with
the glycoconjugate IV was compared to that obtained with
heat-killed ‘whole-cell bacteria of x_g_x_aj.ng ruckerd. In
fabbits 1mmunlzed with glycoconjugate v, a reasonavble .»"

—titer (640) wus obtained when the Lps-coated human red

blood cells (mmc) were used .as antigens. As expected in
\ §

_' ;the rabbits imhunized with heat-killed whole cell

. bacteria, the tlter obtained when the Lps-coated HRBC were
used, was cons!.de:ably higher (2560) highe:. ’l'hus, u:_is "
evident that immunization with the glycoconjugate IV lhad

an_antigenic specificity similar to the whole .cell".

bacteria.

4.3. DisCUSSION - a5y

Vn;lmunization a;gulnst bacterial enteric infeciions has’

«  met with. little success. Ex*stlng vaccines of killed
= whale ‘bacteria are 1ntzlnsica11y toxic because of the
_an‘dotoxim gontent of the cell enyelqge. The protective
vaiua of these ‘vucdine's has lung since "béén ;tntrlbuéed to'
tha“antx Q—antigen noiety, nlthough nntibodles to other
f‘qall val.l conutituents are p:obably nlso of 1mpnxtance.
‘; . M:tempts to Ammnnlze ulth_ the putified Q—antigen have not

-been aueccaatul, becauae vhen 11pid ‘A ia cleaved from the}
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‘Lps the resulting Q—polyanccharide fractlan is not.
1mmunogenic. In order fo: the polysnccha:idg to. be
immunogenic, it has to be covplently llnked to a suitable
carrier molecule. - . R
- Several elegant coupling metho_ﬂs for the preparation
of polysaccharide~protein con_jugates have been described .
in' the literature(161 ’162). The‘e'e methods are based on

the coupl ing of polyaaccharide de:lvatives of 2-(4-amino-

phenyl) ethylamlne, p-nl: 1- and p-nitr yl-with !

the, protein curier by the lﬁeth&dﬁ of the dl‘aioniu_!fl

\reaction and of HcBroom g_: al(lJB) ' respectlvely.

bxidqlng—-arm ,pon:ion of the polysaccharlde-prot din

_conjugate, 3

It has been shown by Lemieux at’ al(163,164) that the 2,

'1ntroductlon of a bridging—am composed of a polymethylehe .

chain b " the hapt ' poly haride and the~ proteln

‘Carrier produced an’ antlsera which mainly recoqnized the

epitopes of the polysnccharida portion of r.he glyco—. =

¢ conjugate. .
‘ The novel cpupllng methé’é prenented in this, thesia is: »I
based on the int:oduction of the:1, 6 haxanadiamine

-b:ldging-am to the terminal reducing end ‘of the co;o-

oll‘g‘osaccha:nde" bBrt‘xop of th_ainntive Q_—speéulc




golyauccha:ide.
’.l'he“an‘tlclipated g&ccess of this novel method was
hua‘ed' on thie éxpérlmental resulhs" of conjugation by
’ reductive amination of simple monosacchaudes such as D~ '
- ‘!ructose\ and’ KDO and . known syntheslzed ollgosaccha:idea
’having free ketose :esldues with the b:ldging-—a.rm 1,6~

. hexunedlamlne.
" As nentioned earlier the O-specific polysaccharide.is

" ‘formed' of a tris‘acqharibe repéatlng unit ‘composed of 13

llnked ido-2,6-dideoxy-«-D-glucose, 2—acetam1do-2-‘
< deoxy- p,—qluco.se, ‘and 4-am1no—4 6~ &ideoxy-l (u—diacetyl)-_

\hexose. hese deoxy-amino suqars are extremely acid

_-aensitive cnd contu 1 the 13 interchain 1inkage which, R

cont:lmﬁl: enotmously to their labuity. ‘The mil}d‘

‘conditions\used in the present coupllng pzocedure allowed
"ths coupl&ng"of t;he vun‘stlable v(but iﬁtacti Q—specific
polysacchatide to. the mncromolecular pzote:ln carrier.
. ’l'he primary aminc qroup ‘was 1nt:oduced 1n the KDO-'
4“te:m1nul, reducing end of the polysaccharide by reacting
1!: v.lth the 1 G-hexunediamine nnde: very mild conditions ‘.
atpEBO. Sy e Y .
After subsequent convergion to the’ corraspondlngv
polysacuhuide—hothiocyan&te de:ivative fII, t was-
covuently llnked bo the free . z-amlnolysyl group "of the g
.- catrhr proteln bov!ne ee:um albumln The lesultlnq

glycoconju nte wn highly iumunogenlc and encited ln




rabbité, both anti-haptenic -and anti-carrier BSA specific ' o

ahtib‘odles. Some of the adv&ntages of this novel e:{upl&ng
p:ocedutg are tha“t_ they ‘can ,@,uaed with, polygacéha:ide:

'containlr}g highly acid or a]:kaline "1.ab'11_e !ttucturéa"
and/or’ glycoa‘idic :llinkagea. . Also, 'thl;i method does not.
grossly -affect ;he 1mmuqogen1c apeclflcibies iof the
carrier protein. In eﬁfeqt_che resulting conjugatg eluted
as a_single peak,in qelvghrcmitog‘raphy, indicating that no -~
cross ’J.in.klng or majo_r alterat‘ions of thé carrier-protein-
has occu:red. . e . ?

L ’l'he antisera raised 1n rahbits aga!.nst the:
polysaccharide—nsn ccnjugate had hj.gh titers ugalnst tha
heat "’ killeé\whole—cell bactéria nnd the Lps of X.H.luﬂ.l

h . 4 “ e N . s

) It is anticipated ‘that the Q—speciﬁc polyucchuude
- Bﬁﬁ conjugate may be used as a potenual vacclne against
.the enteric reﬂ—mouth dlseaae and thut the proauced
antlsera will possess good bacte:lostatic act\ivlty agulngt
th& homolcgous otqanism., .




_ The upopolyuccb-ude of m.uu ruckeri Btrain 83—,
/ 103 is nalnly composed - of the Q—apeclﬂc polyaacchaude /

chain and 1ipid A and a :elntively small amount of core~

ol igoncchaz ide.

The Q—lpsuﬂ.c polysacchaxida was made up of a .
‘ttlsuccharlde repeating ‘unit of 1—)3 linked zesidues of g-

gy . acatamido-z 6= dldawxy-n-g—glucone, 2-acetamldo-2 ~deoxy-p - 1
i R-glucose and - - lm!no—l,G-d“ -4 (N—d_;ncetyl) he ,
5 zeapecuvely- A ¥ " ;

= sugar and met:hylation annlyles, perlodate oxldatlon’
and &llvtl_'l degradation permitted v(;he determination of thg

sugar cahqol!tloh am‘i the nature of the llnkagr g Snitﬁ"

. degradation also revealed information on the 'se_éue»ncr of

the di deoxy i sugar- resid in the molecule.

The p-anomeric cnnilguntion of the z—ncetalxdo-z-

daoxy n-qlllcoae was' confirmed hy chroninn trioxide
. oudlatlon. o ¥ . i " oy

The use of 3

H- and Y3c-n.m.r. spectroscopy. combined . - -
\\uth’ ‘e.i. and c.l.‘mnn-apectiometry,’ in u‘ddltion to éhe
foregoing nhemlenl evldence, pumitted the establishmant\

of the chemical ltructuxe of SJ- 103 Q-apeciﬂc poly-

ncchazlde. § = © \ ..
S some nnulnl conpnuuonal and ltructunl féaturu

X




‘are of interest pattlcular)y ;;he

‘Presence Of the novel 4-
'amlnnﬁv.€-dideo‘xy-lﬂu—d1acety1i—”hexose in the lrepeﬁt;ng :
., unit of this Q-specific poiyqacchﬂ‘i}\/ This is the first
7t_i.mg ;Hat this uncommon u—d1aqetylated-diée,o'xyl-a!ﬂno sugar .

" has ever been fql;md in nature. The ideptificagion of thla’_

rare sugar residue was made by use. of .e% cv.vl.,- -
mass—vspectrometry .
Finally, a'pa—:tinent strhcturql feature |pof is Q—"'{'

specific polysaécharide is igs extieme instabililty towa d
acid’ hydrolyses which has cont:ibnted considenbiy to th‘e
difﬂcuity in fomulablng the chemical structu:(.‘ ’
=~ During thls study, a'novel mud methci,ﬁo;.; t'h‘e_' ”
pr. ’/t(on of the arti}icial neoglycoproteln of XYersinia .
. u:_ﬁ[ Q_-antlgen has been devised (usging \1,,v6l>-
o hexanediamine as the bridging am) which linked the :D.- .
specific palyaacchaude to the (-uminolysyl groups ¢;f the

hovﬂie serum albnmin tarrier” p:otein. :
The artificial neoglycoprotein of Y. puckeri d—
spéciflc polysaccharide has. ellclced antlbody production

1n ﬂbbita. : It “is hoped that this n:tlflciul Antigen and

us zabbxt-ralsed antisera may be used for paauve
lmmunlzation experlments for tha prevenuan of enterlc’ e
‘red-mouth fish qisease caused by the aquatic gnm—nagative
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