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~. hYdrO~hil ~' ~ep~~.~e~ts 'a' , ~r~\: ~f ·b~c t~.~,f ~, -pa-t~~~en f.C':t~, :' · · · .

fish• .' R~c~·ntlY . the same bacteria' have be.~n l ncrea~lng ly ' 1 I11pl f ~a te,d

· ..1~; h~~~n ~'ni~~t1o~~ •. pa~t1 C IJ 1 ~ rlY .~~. a s~~'~ nit~~ ', 1'nvad~~:~ ; i~~:" ~re: ' ~OW. :
.being retog·nl~~d :'~s . ~\~r10U s pa t~dgen ·· ~n'd~r ·:·tI;~s~ : ,'~ircu~~~ances'. : · " ~ s "
· ·.\l ~~~e.· ,1s"; , i:~o~, ~f. : th~-'b ; '6ch~~;~~'i\ baS~'S ' .~ ~' ."~~ t~'~9'~~1 c~~·.of :~~ti-:
·~. "~H'~~:s; ~':Yn ~re~~.: " l n '.~.~: " .~~:~~,c:tu,~e" . '~n d , 'l~~~O:l '~'~ ~'~~ 1 " ,'~r~~~:r~I~.s ' .~f~.\.':.
~~ 'C~l' ' ~u'rfa~e; ~ y'~accharf d~S " Oft~ "d1ff~~ent ' c h eRlotYP~S ~f " ,t h'f ~ : ::

': ~~~:m~jri~g'~ t1:~ " ba~~~/i'~'~ , h~~~:ii~c:r;~ a ~:~;d :"~ :..~.~:, ',:'-' . -,:.. ,:,:';':.

. The' three bact~ 'r l~l co' ori l es:' ~ ~ ed for. ih1 s ' fnve stIg~t i ,o~ '.were

'\~l e'c't~~' .~~O'('~'. 'bfOl:h~f~~ l 'i /'pure ~·uit~~.e " '~ f ~. ·~Yd'rOphf ;' i" ...o ~e
~~pr~~ent~ ' ~~~ ~~~r~i'i': :s'{~afn . ~here~~ th~ '~~her ' ~', ~utan~~'.-: :w~'~~'

f'so~'ated ' as:: '.~rp~o~ 091 Cal.l; 'dl.;~fe~ent ~~ ~~.e~ ~ . :~. Th~ Orf!l~ na',,'S t'~~:fn.: :.
':'aOO ., o~ , fh~ c l on~s ·w;-~:. s~·n ; f t 1 ~e ' to Ph~~' 'wh1le 'ih~ ot'her ~~(I~~ " .

'::,',' ~a's : ~~'S i, s~~t ..~ ..th,e: " ::s~.~ ' -~h~·ge .

l1 P~'p~ 1 ¥saC~ha'd de~" we~e . eJ( t~acte4 from. ~~ 1 ,.t,h;e,e :v a r l a.n.:~'; ~'and · ';"

· .~ th'e. \lasj ~ :.~ t ~u~t~re_S::~f : .the·foiysacch.a~ l de:: Por.~f(ln . :f r~. , : ~'~'~h ' , O,~ ' 't,he

' : t~ree~tr~in s ' eJ( h1b'it~d ' dfsti~ct ' st'ru~tu ra l , dl ffere~ces-. , · · ~ . . .
... . ' . .' . '., " > " :~" " ". .--: .'. _",.': "....:." .'. . ':

C.~erI.lca~ aria'y~,is .l me~hylat1 (1 n .. p~.r foda.~ , oxf ~ ~ tf on i,~d
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NOTATIONS AND 'ABBREYlATl08S

SJ-~~. ' ~:47 ', :~_~ss ,r~~r.ese,~t.:~•. · hidr~ph 1 ;:a..~tr~1 n . ,A6.~". , ,~6a , 'f.nd

.. A6~os: ori9;n :f ~ ' dii'c~s's~d i~ .the : ex~er 1 !,"!'ntal . par~ _I S~ct f (\n' 1,. P~ " ~7 1 ' ,.:,~.- :
._t-" " " ',' ,:,:;' ,' . , ;:" ." : .:':' . , .. : '..:' ' " : ':,-." .'' . -.' " .;: ' . : ~

,. ,·R- .end .SR;- stand for , ~ r.oLl 9h·j 4[Hl ':selllf-~~9h · 01f 90 saccharf d~s •.,'J

·~ p S', .,, ~o ~. .1\~~~,O'Y~,aC~,ha ~ 1:d~..~, · ; , . ,:'.':: .-:, ' " , ' ', ' . .:: : , . :,;~ '"
, ..' :_~ ' ~ ';LD~He~~ , ~~~ nd S 'for,: i.~~~'Y~~ro~~~m~nn6~ h'ePt~~~~an~se , .;

. '~~DO:He,pi ·~~~~~~ ·~~r ~~ilYCe.ro~~:~~m~~no~h~PtO·pr;~'~·~~·e" ", : '

e KOo 'o~ · d~~lA ~t"a'nds 'fO~ 3- de,~Xj'~.D~manno:.. 2-~~;tu l o sonf ~, .actd .. ­

;, Glc! M'shnds f~~ i~amf~~-,Z-deO~~D~91 uc?pyr~'ncis~

• Ma~.2.N '-; ta'ndS"f,Q~ z ,:am!n.c-Z-deoXy-~~ma~_n ~~Yr~,n o.~ e
. ·.G1C.2. , ~ t{n'd s ,for ' gl u cQPyranos'~

• Gall!. stands'for 'galactepyranosl!'

• Rha.2. · 'si~ndS for 'rh~IDllQPyrariose

." M,a~ ' st~n-~~ - f~~,:ma~~:nO~yra n~'se, ~, .

• ',A~a ' stands' for , ar~b f nose .' "
· .;' " ,. , ' .. ', ' ' .. · ·.. ,:;.i :'
The foll llW1 n9 abbre~1at1Qn s ";'111 .a150 be used:
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, (C,l ' ~e ceter. «rnibr~ne, contai ni ng' a lipoprotein , pho.sphol1pid and the

l1popolysacchar1de layer ·IFfg . 1).
\ . .. ': '. , ' . ' " .~ 0

,Th.~. :c.a.~bohydr~ te cha,i.~ ~ ,~f:.~~e , l p ~ e~ten,~ outw~~~.-:~,th~. ,oute r i

·.rlerilbrane ,1ayer U7ramfare respons, ble>,for the antigenic spec-H1.c1ty_of

" '.':':th~: 'O;g~"j~m: (18 ) ~ '; -: i ~ ' ;~di t"~o'ri '; ' ina~:"':ba~t~~f ~ -' 5'~C:h ~ ~ ,: P ~'~~OC~~ U ~'i ': '

"' ~ 1 ~b." ~::·~:; :S:;::~7":::':;~::: ':: ·. :h:·::::· ~.~,;"~ L: ,;,~~;.. .,"
co~tains ',carbohyd,rate ' li'n 't i g~~s :'wh f~h i nd u'c~ ,: tfIe ' 'format ton,of "~ ~ti b~d i es;~

'~ii ~ : ~~~h' , 'r~'a ~~ ,~~'r~l';~'f ~'11 1 '~:; ' :~ ~~ ; t~~~~; ' a~'~;' ~~d·f~'s '1'n :bo'~h "~;~:: '~a~·~ . '_'

\nt~~l, :: . ~:~~):·: : '·;·;h.~ :.~~l'; ~·~~v,e'~ 'o~' . aJ s~ ,~·O ~~.~i ~ ~ ' ~~c~~'~~'~~, ' ;or~~c't~~1~­
Pha!les~~h~~'~e, ' U;~ ,bacter i al' surfa~e' ~ori t~1,~s ': cbmpl? n~~ts, 'wh'1ch' pl it ' an

" illp~r~ant. ; ';Ole· 1," ' ,t he : 1~u,~:' re C09~ f.t.~ cin erecess. " Th~' ,be sf"stud ~ ed at' .

" t~e s~ ' C'~mp~ n'e nt s : . ; · th~'lYS~C'cha·~·f de~ . ~fc ti fom ihe,'cap'sules"and ~~e
, kn.o~ es clIpsul ~~ ' ~nt1 g~;n ~ or K ,; ,~'~t~ gens' and'~he l ,fPO~O~y~a'C~harl des

k~~n ,asco< 'or ' ·R-a:nt 1 9~~s • . 1 ~ -:-h::~'~Jl~y · ~~OU9h K-~ "0- and R'~ant'lgens
. ~ ,'t ha't .i;~ c t~~1 ~ .·~xp'r~ss:the ~ ·r: . frmi~nol~'!ii,dil '. ,t'n d i V~'dua 1 1 iy'.- ( i ;~' :, 16'i ~ " , "

, " ', ' '. ' ." . ' " , . ", ' , " " " , -- ' . .. ~ .



lipG PoiYS3'CCharide

I" Cll@tJ:$;cL,; ., ':t'j p'~p';~\~ ;n'" PhGSpholipid
Pe P:l ja~g'ly can ,Layer "
.. , :': ' \ . ~ :,') ".... : .
C~I~~~a$~ iC Mem~rane ' "

C~tDplas~
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The O- s l de c.llal~ is the serologi call y dO!llfnant. par t of the

• molecule responsible for ant igenic specifi city . It 15 composed of

repeatin g oligosacc~ar1 de units l~fte<contai n l ng rare sugars)"' f~ which

. the seroTogfcal detennl nant ·resides . , It ts ',absent fron t he R-fornl

1 1 .POP01Y:S_~.c~~arfde~- fs ~lai~~ - ~~oii ·-ioU'9:h :· s~..ra'1 ~S . b.u t~ -IS-us~a i lY p~Oduced
' ~ -a ~ , . a _ hap-~n b¥~' 'm l/ia ~t~_ ":f ~ '~h fCh~: g~n.~tlc·i:r,~c~~ ,ie,~d. to .' ~~ b~OS!n~.~eSIS ~ ' .

Of ' "an 'fn~:Omplete : core un. ' ,... ".' , . - , .

,~_ ", T~e : o,~ a:'vg~~ , ~:rt l o~ '.?f '. ~e ' ~ p s ,~~_l e~.u~ ,~:.:_,, ~ · pOt~,n't'f aH!;..·~:~ f qr,e: .:;
for'each ~ a~ terl~ l, ~p~c .{~<and as 56'ell l mpar~s sery log·f.cal'.;: 5·p e~1 ff C l ~Y' , ' A

'-dnd' identity to ' II pa~tlci.lTar organism.

The o-an'tl~en;~ l1 nk ~d to the core 01i90 saCC~i1r f de_wh1~h ' ;'S: : ~f~~~
s~ecles specific b~~ "can 'vary both within and between bacterhl · s.P!ci~ ~ : " '

P~tlcUl ~ ':(VwtJ"e n non:Ent.,rOtlacter i acea are . co"~·~ f~~rei. ,. ' J~.~" :,~~l~~
J"j 0l,.j90SaCCharlde. comP,osed of df ff ererlt ' slIgar U rl f. ~s .>ma;. _be .. '

~ . 1Y1 ~ed, ; nto .'an ·ollterrr~gion" to 'whfch_"fhe o.,. an ti ~en , ' ~ s a~t~.c~~d •.

and.an "1nner reglon"llnked .tc l ~pid A. lh h , o11 90~accharide h , . _

~ene'~al1y li nked to' the lipi d comp~nent ,~ f Ip 's ~11 ~1d 'A"j' thro~g·ti a

trl s accha'~i de o~ , ,2"ke.~ O-J~~eoxy~g-~oct~1 ~Sq.n i~ ' ~C id.. (kDO_,: :~O,~l A I
;t:t hough ~1 ; ~J i 'nl:age"ay "not be uriive rsal " Lip'id A 1s' ~pparent1y

responSible. ,for t ile endotox1C,act~ \{ 1 ·il.~ o~_ t,~) fPO~~l YSaC~ha:rf~ . and

appear-s to. be.very si mi,la r ff not tdent.tcal in ' many bacte r fa] species

(19) . : ' , ' . .,. " .. ' . . • , ., .. :. " ' - . , .

Th e":'1.fP~POTYS~CChar1 de Of::S'~l mon~l l :a" 'ha$been Wide'; used as a -
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"i {{Zo:'it";;,.;;.;; ;,; ""Ch;; ~': :- . ::;~, :/,::oi :\i:t;:>:'D:>'"

.. ~'. - :

: (3{il;~-: ::The~;;~n) :t'~ ~~5uaJly -·con{at n · :dff-ferent .-:~ Ugai-: co'n~tf~ent~ .- a~_»the " ''. ..'..' ."( '~ .'

__ .~f~.a_fr.: :~ s ...the.~~.~.o~,:·~.' ~._te.~~~~~s"~.c~~~~r~.: · "'~ ~;~ ,st.~-.~~'~ ~_~.·:~~~_ev.~~~ ~: i~"'~~ ~" :.~:. ~ ~;.:~k~::
.... ".i ~ · o-ch~ 1 n · ~',be:- ~_: .h~poly~ _"cchar i de_ :c ~n$h ~1 n g" of un 1 ~s · of an:. Ql ~ 9~r ;._ :; : _ •.:. ';:';". J

< i~~;~~)%f~b1'~1~~f~~;~,~
{

. ,- . - As 1 ndtcat"e~ . 'Lfptd A: core.and l)-Ch'at: are Interli nkeil- b~ · .~: - -. . ..
.. , ..'... . . ,-' : . j r" :' 't '

t) . covale nt l1 n,kage5. ,~he c- chatn ccneetns repea,t 1ng un ~ ts ;of a .. ~- > ••• • • ~ ~ ,:

. penta 5accharHle wit h lI\IInno5yl , rhamnosyl ' at1d galattosyl residues 1n the ~.". ' . , :

;; j:~c::: : "; ' ~"d 'Z;t ~ce:1i ~t~d :~~~u~sii f 'd/;);;;:i~) ;'~;~;dU;s Ac; :,\ ,;:f) ;:: :~:
; .," " -. ..:,"<,~,:':.. ...;::. :: ~.,... '". -"::.:' ;:.', .'<' >.';.: .~' :~' ,-.-.:'.'.; "~ ' ;,." ...'.

.... .:: ' .~~ • • - ' . , .. - ..': • .'.,' ! ;: .:' ... • : . .

.' -, ;' '-".:'{;, :: .'/'..:\:~; :-:':,~" }~~<~':' \:;; .. ~:,?}~.> ;·2L

. , '~ ::;: .' ••...•;;!):<"'.;;;;';;; ':' ,·;;tg;:;,(i

:·.i.·. _ ~ .'
.~~
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The oligosacc~arlde J whi ch 1s fOrnle~ and polymerized during the

bt ~syn thesfs represents "t he bi ological repeating unit ' . Due to the

acid l ab ility of t he rhamnosyl' a n~ abeqaesy l linkages, mild acid

hydrt'lTysfs of the lipopolysacc har ide yie lds the "ehemlcal " repe~t1 ng

LtTlft2 wi th a different sequence Ill . 12). ' Tile concept of two "types of .,r--J
' re ~ e a: l. n~ · unft is quite fllportant "as ch~1 c a ' analYSf,S ~U, on~y _rewea~ - ", "

the Cherp1 C~' repeatt ~g units and only by l uck.wm .they,be ident i cal to

. the .bi,ologica l ones,OZ I•.

I

/ Ab,
I,,,

"Gle
+

Rtla .. Gal

' Gle
+,.,

(Abe)
+

Man .. Rha •

1.3.2.2 . The Heterogeneit y of a-Chains
. .

T!l e cons t ituent s of the tr ue b1~log1ca l repeating uni t Abe. Man , -,

Rha and Gal of Figure 3 are ccnsrene. In contras t both the ace-tyl group

of the eceeucse ,: si-due and the si de cmm gl ucose unft, which are . added

i n the latter stages of the biosynthesis, va ry ~nd are often not p.resent
. . ..

in equilllOlar ratio (31) . , Fur t hennor e , their prese nce or absence may be

subject to variation for ot.her reaso ns (e.g: antigen fc convers i on by

phages ) . This tncee otete subst i tu t i on of the basic c-cnat n cause s the

well k.nown microhet erogeM1ty found in lf popolysaccharfdes flll •.
. ' .

..
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1.3 .2.3. St ructure of the Core

The core st ructur e of 1. typhtmur11J111 (fi g. 3) 1s COOIlIO." to all

Salilonell a speci es and al so occurs fn other enterobacterial ltpopoly­

s'acch~r1 des Ill, 12, 201. The Sal 1l1Onel 1a core ccnt etns a 1fpfd; a

hexose oli gosaccharid e (out er core) consisting of g-:-glu\=osanilne. g-"
.gi ue,ose a,nd.~-ga' llcto_s e; and an i nner core . reg ion c on~i5 tf ng of an

ol1go~accha r f de of the core spec~ftc ;ugar ,£';'~~~~heptOse

ILO':'Hep) and 3-dedxY-D-lianno~ f..octulo$onlc acid (KOO or doclAl ,' ea~h .

. 'r::1ilg a bran~red tr7saCCharf ~e ' ( 1~ .'j2·1 : t his r~g1on f·s c_1fn~ed directly

to the lf pfd whlch, hy common agreement , Is always refer red to as

l .1pfd A. The exact linkages tn the KDO trfsecchar-tde have not, ye t been .

def fn.ltf ,vely esta blished (331.

The reducing end .of the KDD tr1sacch~dde links the polysaccharide

to t he li pi d A in a rel at ively acid la bile (ketos id i cl li nkage. The 0-

chains are attached :a the termi nal .glucos: unit of the cor e oligosac­

chari de.

A'ch ara ct er is ti c feature of t he core i s it s substitution by

pola r groups such as phosphate and eth~noh.llline. Tile carboxyl group of

. KDD contr itiu ~e s t o the ~~. i dic charac ter of the llpopolysacchar ide and

t his negathe charge. appear s .tobe phYSiO~ical1y import ant (12) • .rhe

. l 1popolysacchoir1des 1IIClY , be i~terl1nked by ion ic link'ages to ·ot her

~ompone~ ts of t~e cell wail th rough d1valent cations and p·olyallllnes • . I f · ·

th is -is the case - such an arrangellll.'ntwould provi de integ ri ty a~d

stabil ity to the cell wall .
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The core regio n of li popoly sacchar i des eKh1bHs a hfgher degree of

het e rogeneity. Substl tuents of the cor-e, fm:l udlng P, EtN, and G1cNAc ,

are not nece ssaril y present in molar amounts . F"u rthermore , aH:alf

lab tl~ subst t tuent s such as glycine have occas i onall y been dete cted on

~ . the core (32 , 34l.

In recen t yec:ars numerous core types h~ve been t dent if led in

Ent erobacterhcealll , !2 , ZO , 35). Figure 4_il hs trates a sel ect io n

of these cere o1f ~osa:c char f de s (Ra-R4 a~d r-iz).'

They all s howlIaj or differ ences fn the hexose ,r eglon rout e-or ce re!

but a~e quite '~fmfhr i n ' the H~p-kOO re9 '1on(~5 l . iable ' !1 l ists

. df f fe rent 's trl f n~ havfng i:ltffe\rent 'core ' ~l1g0SaCCha ~ides struct~res , ,

some of them are R. lIIJu nts with fncompl ete ?t osynthe s fs .

:ompos itional anal ys es of th e core of l tpop clys acchar t des isolated

from various bact e r ial species ; have revealed the presence of many

unusual constituent s's uch as~.~...,g.~~- ~ePtose, (441, uron1c

acfd (45) , or amino ac1d (4Z,I, and 1n the case of H brl o cholera e

st~af ns~ fru~~se (16, 461 Or sedoheptu lo~ may.~ pre sent . These

possi b1.r replace KDQ In lln klng the core ~ the li pf d A.

L fpopo ~Jsaccharldes , conta i n lng a core devoid of heptose orK OO

have also been i de ntlffe d (W, " 21,47-491.'·

<: I;' .Z,' u:"",,,,,';r",, cf '-,,"h" ; (

R-m iJ t~nts are defecthe In l i popol y sacchari de b io synthesis .

Depe~dln9 on the defect, these ' mUtant s _'syntlles 1se complete or f~comp l ete
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fl~ . 4. S t rllctur~ of ent erobacteria l - co~e ' types
Ra - Kll .(12l . .. ,". . .
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Table 11. Core strcc ta res that hn e been par ti ally
eV/lluated ( 121.
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.1.3.2.5~ · struc~ure: ~f lipid

calf (39 ) , Shigella (50) an,~p;.otei.i s .(511o

core structures st l11 1hked to llpjd ..'~.• but all de~old of the c-cnatn.

Ff9U~ 5 shows a sertes of R-forml1 popolysaccharides d erfve~ (rem

Sallllonelta ootants eerecuve tn different steps of the bfosynthetfc--- . . . . \ " - . "

pathw.ll.Y , ' Simfl ar , ser i es of R llIutants have al ~obeen :1sDlated from

16

~'a mutari~ : are . '~~ f;ec,~·i ~e- 'In .O ~~h·~l ~ . s:yni·'he~s i ~. : ami .~ ro~i1~'e

l'f~ciP01 'YSaC~~~rl~e '~ ;' wit~" 'o;~~l et~' ~6~e'/-; All '~/,~h.~' -~~t~n'is .from,.,R~ ';:".:'

,.....•· · · ;:c:4; ::Z:1:ne:~~'::::;::::.;;:e:y;::~~t1::C;::::::l;' ::,•..•.•
con ia 1~' 'o'nlY~DO ' an~ 'L'f'"p1d::,i. ; ': · ' The;df f fe~~·t ~ R.~~·tants:· ~;'d : ih'eir. re~~~~".,, · ::· · "

·t fv( R. -1'1popol~s:~dc~ar t d'~~ -~aX,':~e ,~ f,~e'r~~t1,~t!d: '~nd ':j d,~li~t ~f.; ~.d. ~Y:~.an ~'
of' lK.t t ns (5'21 .end ~nt1b6d1~s : (53) ' ~ ~ the te~ln~l ,sugar . sequen~~s

(whfch' ar e' d1ff~ ;ent·~ " ,are.' , ~~~~nf·Ze~.' :bY' : S~eh· , ~~~,~~ ~.dS. ":~he. ~ta nt~,..~,~
a-l~o ' ·be . f dent1~t ~ by .' ChenitC~l .analY~ f ~ ' of ,t~eir ' 11 p~p ~l isaccha·rf.de~ , a'n ~ ' '"

. by thei r : 'ph~ge ·-pa~te ,. n '(54). ~c:ur~e~~e"Of ' the" R-fO~S--:' S ~~ ~~ ,:1 .~ · '

. nature ,~' t~o'U~h ' : they; ian' be.'..CUl~I ~a t~d ' Jl ~der ' ~~b~'ra t~~ :c~ndf~ f. oni 'a.nd...:

ar~ ge:ner~'n y , n~·n . vfrul.e'ri t . , 'P~~9ocYt1i;dby:~cniPha9:~~ 'a~d a:r~ .sen ~l:': ·

~ i1'~e ·.~o.' ;io~1C ' ~g~n~s' :'U.2\ ;





IB

, ' ,, "

· acYl'a~U;e ami no,. gro ups of th e,dh,;c'ehar1de,., The remat~ f n9 ttve mol es

of fa i ty '~~ i Jl ~ : a re ' e'~t~'; ;t .nk~ · but ,not, necessa~ny d1;ec't ly to;t h: ·

hy~r~XY 1; g;.o,ups ;~f the ' 91u~OSaln l n e (55) .
" . .

In s1l1li 1ar '.anner to O·t/:lalos and core ', lipfd A also exhfbi ts

struc·tli;~lheter~gene·1ty . I n approl(;~~tely ',50' 0'- th~ U'p1d'J lIIO l eCules ­

~f:sal~~nena. t he' P-hos~~a~ ..~ rOU~ ·l1n~~. w" .iuco~'a~!~l 1s ' sub,s tf­

tu~ed by a , .~ho~pho ry l : etha,no}am1 ne re~idue with a' f r e e. amIno group.

~1 ..6. Both g~~cosami ne units are su bstitute d by a ph~S pl'la te group ; one

be\"g bound i n ester linkage to C-4 of the non reduc t ng glu cos411in e

(gll.icosamlne II), aod the o~her to C- l ,of the reduci ng gloc osdmfne

(gluc.oH. lneIl. . t hus occupyi ng-th,e glycosf dlC hydroxyl gr oup and

nmderf ng the ' molecule. nlin-re~'uclng . 'i n t he"l 'lpopolysaccharfde"; th e

· te l'll t nal{~oo - u n~~ .oftheco~ 1nttac~~'"toC-3.: ~r : glucosamf~ II (1~.
;i6. ,.19', 20)~ Thtp.Gl~N'{;'CN':p" "lIOte·tY ·ofu,e-'1fp 1·d· , Al's.~:"ed "lip id '

". . ' . '.". ' ' . - ' ," .. - . " , . . " -

A,backbone" ' IF19• .61•

.".i~~";~ptd :l backbone ' ~ 6~~~'1 i1 ~ ~~'t~ , :'~s;~,; ' ~~ d' 'a~~d~ -'1 1n~ ~ d :.tattY ',~':;

>~~ fd~'- : ~ nd .t s ·. ~'~ tr~y ~ro~hob t~,., f ~~ fC'- ~,~~-,~. : 't~e:-: '~ t: e ~~ ~ce\i ,~:, l ~~g ''' '

~ha.i n · ~at·~i:ac1.6s: and ' ne~~tf,ve'l Y' ,~h;r~ed, ' py~op,~~~p~~'te '·g ~~ups . ,

l Sllllru)nel l a Hp 1d A con~1nsUle follo~ f ng seven moles of l ong ellain

fatt; ~ adds : 4 ,mol es . of g.;hydrOXYtet~adeeanIl1c <,3:"00-14 :0 or 'a -

.: hydroXy mY~i~tiC ', aci d) , ~ ,a nd a pproximat ely i mole .cj-~ ' e ach of . ' .dodecano l ~

acid !l2 :O. latl rk a~ i d f,· te tradecano1'c acid ' 114:0. ' nrt r ist f c 'aci d) ,'and'

· hexadecanoic '~ c 1 d '(16:'0 . palmH1~ ac id ), (12'). T....o mol es of J-OH-14:0
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In aBout 30-:-601 of the lf p1,d Amol eccles t he phosphate bou nd to .

glucosMl1ne r r .t s subst i t uted by 4~ am1 no-4-deollY-;,- arab1nose ( 4 - AraN)i

the lt nkage be ing th r ough e--l. Both the amino gr oup' and the hydroxyl

!I1'l)~PS of 4-A r aN appear" to be unsubst i t uted (56) .

1.3. 3 . ' 8iosy nthesis of lf popolysaccharfdes '
, , " , .

1.3.i.l pr.1.nCf'iies. o,f ,we .Bf ~ sint~esis . ~f , t~ ~, o-Chafo·s·.

The\f_~~ynt~·~S1~.:'?f'_O- ~_h.a~ ns fs'·"c a ta.'Y s e,~ · . bY -- a."11I1t1 -,eriZy~: ..s~st_~m

Uat ut fl h es ,' I'~~i>l"~ne-bou·~ d .-po 1 ~1;o'pr~nOl d ,~ OOipo,u,~ d , ' a~.: ,·(;.'rrf ~r_- f~,~
.:"~ 91YCOSYl·· . 'r.e S f due~ ;~:· . . . : . • .. : .

' I n 'sa lm;n~l'fa: grOU p s ' ·A .D~ : ·ani t. (57) . t~~ Syn~he9of S begi-n.s ~1th '

tile reYer s l ble-tra~sfer of galactose l-,~ ho~pha-te f rOllU~P;..g'a1iJc 1;OSl! to

thl! phosphoryl ated carri er l i pid.

S'equent fa l tran s fer of , J- e '~dd 1 t1 Q na l sugar s to the -Hpi d "- l int ed

lnte nnedlate 'l ead: to t he f onnat"t on of the O":c~a 1 n ' rep_~ a~ i nf unit li nked

through a pyr~pMsphll t'l! 'b ri dge to t ill! ca rrfer -~'ecule '- " ' : ' The repeati ng

uni ts are then : polyrtlerlsed prI or" to the addi t10n o~ 'o the-r _ ;SUbst1 tul!~ts

(e.g . eeetete l 1l,2 ) '- ''''POlym~"rf5a t.10n \c u r~ by, con~ ~ a ~ t ~ l·trAn s f.e ~~f ng

_t he growing chai n ~ a ' newl y act fv at ed repe at ing ui'iidg~owtli at uti·

reduci ng end l., This ,'res urts fn a~ l ong cha ln pOTymerl ~ '1n t erle d h ie"tha t
. .. , .

ts st i ll Ifnlced. at the re dlt'~,ln9 en~ of t he.ca rr fe r l tpt d , As i!l : ff n ~." ·

step. t ile O:-chalns' a re trans fer red (rOIl th e lIp 1 d-carr~ e.r to the : tude-

"pendent ly synt hesis ed core 1 l pld A to fonn the Cbmplete molecule (56).
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1 .3 .3.Z . Biosy nt hesi s of the Core

In a eanner simfl ar to O- cbain bi osynth esis e l i p f d~c a.rrler ts

i,nvolv ed, In th i s case . li pid A, wh1c;H.NlIIa1ns li nked, 'to the cor.e as

pa rt or the lfpOpolys aCCharfde · ~lecU·l e . The bfOSy nthetf ~ pathway . oL _

co re-lip id A';sy 'nt hesls prOCeeds f'r~ the ,Re, 'io ' Ra ' rm,;tants~ : t he sugar '

~ ~~st~ ~u ~_~ t,s:~ be,1~.9 _ s.~·qU~~t'l ~.~·_~~_ .~ ~~_n~ :f'~rred , ; :by 'te~~ ~,I'~·?s',:: ~ .~ ,ial Y'~,ed::~ :', ~ ~.;::.' ~" : .
' ...;:", ttje ' , re sp_~~,~lve ' ~~ga~ tran~f~.ra·se5· ( 1~ . ·16 : ..2Q{ ,O .,.i: ~a1n ~~~~e~~,s ; : ! ;

F ,:oRl pu1.se/~hase expe~1~e!, ~5, ,,t~e bi osrnthe s ~ s of 'lipi d ,A appears to

occur v1~ a precursor : molecule IIh lchcontaf ris the', dt phosphorylated ~-

. 1 . 6~J,1 n~~d -df 9 ~·u ~ ~ ~~mt ~e : b·ac~ ~o~. ~~i;~'tit~i_~ ·bY.,..~o~r 3~:oH~1~.:O
reS 1 d~~ s ,,,:O . ' 1 1J eefde linkage: and '~ll ; n ester 1 ~ nk a ge (58 J ~ .~ ;he
p"i-e~~r~ ~r -d~~~· . ~~t, , 't o_~ t~',i ~· , ~~ ' ·-~~d; , ; a c ~s -~~~. 'sa t~r~ i~d ' fattia~i ds .

. i
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1.4. : if~1 091c& 1 an ~ [ nd~todc.- Pro;.ert1·~s _ of l1 popol ysat tlli r1d eS- ':
, . - " . ' ' : - : , . . ' ~ . ~ ' .. ~ "" "

. ;· s ra. fI!gat h e bat te~~. a~~ sep~le shOc'k" t ~ N.~ art' -": direc t ·'

r~sult OJf . the ",,~act_I_O. to·. Ncterhl .~d0t4dn s · I 60 I, . Early. ~tOms'of

.. ........ ". gra..neg~ tift se.PSh ,1nclllCie fever , dYSpnfal·ol lgurl a . ' . Illl hyRote~s_' Oll . ;:'~ -, ' r',

" ,"" ,/:::. ' ;'.;'.:..::;:.:::.:7.~i.;....:;:.:.··.:~.·.:.t.;.(.'.t:}.:~..•~.f.:. ;~~..•~.~:r.~:...;.•~. ~~~;·.r.;.r."+..;.:,:~.:/%i :r'; ·, , ;.;~
.-..',:~> :.:..: .' .the gastro1 ntest 1na' t rac t >'and geileral h ed t hi-ciilbl. t n hpl n a'r l ~s ,'-i·:'- ,· · -: .;.. : .

;:,.> :' :~ ',:' . ; : 1 60 1 ; ['bO"~'~ :;f "d;::' f "'j "de LLs:, ;L::".;:i" '~f ;d'om.~ · ;'':. .'
" 'i \' . .... n~_~~ ' ~~.' c·~pl~n~. · de;t ~ 1 .e~c ; ~~·. 't~' ~~ve;'d ' C~'oitl~ ·fact;·r~ •.: ;eu ~~ ,

cyt osh and ·dK: !'e.llsrd pl a te let cOlln.is'. : ·> ..' . " . . ~ : ~ .• . ','

The Syndrome b7wh1ch-local US:s u~ ~.age otc llr~a~·. a r esul t of " J : .: '

i n~ ~else~ ' Vlstllllli llf~a'b(ll;Y iog~U;~!". ·~~ · th~ fonn.at l~/Of _ fi i:!,1~ :

.; . .. ....:."

.;" :

• tt on {OI'::! .:i
6ll

• . '. "., _ ' ." .._-~" " .. ~" :
..• Seve r al aspects of th ls .pa thOlogyun be -'.lc:ke d ,in lIn f.ll1Odfls ·

.;,b~ t he _f. nj- ;c.t1~ ~f..1P~. ' ~ S~lI~ ~ ~ml: g~'r~" lleg~ii~ ~acie~'I:~ .: ~:..'~T~~~~ :,"~.
'. " g enenll ~ed SCllwlIrtP;nn, n acHo n, In'' t1i~ rabbt t ,\ ' 11Ch : 1 ~ el Ici ted,.by ;:·,

."'> ~wO PI'Gp'~rl)' . SP~~ ed .1 n tr~~e~~ .1·~~~ tf·~ns ; ~f.::; ·P's , re~ul ~~ , l ~ : b ~ t:~'i'~~at ".
· ',reria l ",cor t f c

1
11 necrosli , .d~~:- td< :f1brl n d'eposltt ~n IS.~ . result.O(~ l ffU~· :..-:

· · \~\~a V.I.sc~ ~_lr ~; ~t~;ng . ( 6·2 ·j'.::· Th~'~e '~ ~'f~~ts ' 1~ . acc-~~~·~~le~ : bi.: ~ ';~~~;i~ · · · : · ~ :
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polyclo nal activation of bone mar row der iv ed l y~phOCytes (68) ,

lIet1Yatlon of the cla ss ical cOlIIplement pat hway (69) . and inductio n of

~acrophage cytolytic capacity nOlo

In addition to po)ysacchar ide def icie nt preparation's, nat urlil Yar1­

.a t f ~ n s in the O-chain coilponent of smooth li popolysaccharf des provide a

' ~l d~ spectrum of 1llD' ,eCLl' ~s wh lch ' ~a.n . ~ useete Investigate the • j

cont r fbut fon,.of ' the partie.uh f' carbohydra te -groups -to 'Ia) b 1 o~ogfcal

'at.Uv! ty .in1t ' ated ~t ,t he polysll,c~ha.ride ltse~ f ' - a~~ _(~ l _ the _.~dU l a~1 0n
of li pid A activ ity. · ,'The frac t1on~tton of i.'cal f seratypes Olll:~ and

K235 (71, 721 ", nto niolecu la r' specie s conta f ~~ grea te r or le sser .

amounts 0.' r~pea tlng O-'poly,s aCchar~ de 1IIl1! prove pa rt~cu l ~r'ly val uable .

Morr1son and .Lei ve (71) "demenst rat ed t hat tp s frac;t i on J ~romf· .£2l!
se.rotypes 01\1:64' (l ong"'o--t ha1nl 1~ con~1 d~rab'lY l ess tox'k'than

f~actlon n l $ hO ;~ ~~hiiin) . On thef other hand, fra~t1on I '~a's fOLind to
be a more po~ent actiYa t()1'of ' ~ er~ c;ompl~erft due to ' act fvat fon oi the

.. alter-nat l ~e 'path;ay ~~ tile , p ~ l; sa~char f ~~ - c~onen.t . " . . ' .
' . ; ," . , . .. ' '.

1.552. 1" Acfd' Hydrolys1 ~
.:$" . . r " , . ; . ~ .0 . • :• . -, • ~ ," . " "

Mild acid -hydrolysis (n, ~c;et,lc acid; IOO' C) creeves t he KDO-lfpi d

A' li nkage lI ber a-ting ' ·fre~.\1 P.1~ A~) l~ , . 12 ~ · 16: 2Ql• • 'pr i or .to tile. .. . .' - .'" .. ...:., -. ' . ' :" , . ' " :. - . .
a_~a fl~~~l .ftyof polysa~tharfd~ ~d.l ~ f~,nt nutants, . 1 nve sUg~ t:1 0~S Lls1ng

- 'sLiCh <1s~hted " l J p f d ,A, pre~aratf'o n s 'pr ov1ded :" e best e't'f d~nce'tha t many

b1ologf~ 'aoo endot olf c' propertfes ''IIere assocf'a ted, w{th t he lfp fd _ .:" ' - " . " ~ , '. . .' - "
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component . I t shoul d be noted however that R~!,ee J.1~~ ,,-;l,sn ot

ne~e ss a rfl 'y i dent ical to the ~ ~_bound li pid A" of t he- or igi nal racl ecule ,

1.5 .2.2 . Alkali ne Hydr? ly"sfs

Shor t ' perio ds of re1a~hely mil d aH al j:ne hydrolysis - (O.03W, HaQH.

J7'C) cause a subst ant ial reduct tcn fn ' , th'~e5~er bound [at ty ad d

c~ponMt of I ps (]Jr• . However, trn; b101 og 1 c~1 ac~iv ~t.1:es which, ar e

,a s~od ated wi th li pi d ,'" and 'whi ch might be' ' exP&<;~'d to depend 'ueen the

. .
hydr.olysfs res ult tn t he loss of bio logic praper tf es associated w1~lLthe

li pid A componen~ of Ips, inclu ding mftogene~fs (7J) .

1.5.2.3 . Polymyxin B

.,. . '~'th" 'PO' '':'' .Wht~'· , es P""'~ "t".," ""rp, .", tho '''~ !"'- .
tlan of struc t ure-funhfon rela t1onS:h fpsf nvolves the u~e of the.cyc l ic'

pePt~de antibi ot ic PtO;'~YXi n B. ~~l~Xfn ' a ha~ been ~epo~t~d to ,~
1nh1.b1 t ' var 1cius 1n,'vivo effeqts o(, l ps (74 , 751. I t hils rio.... ~ee~· es t eb­

l'1shed th~t tfi1~-:~ot1 ~ ; btnds ;~f th 'l fP id' ~ fnter ferin~ ' with ~e'le;al
." . . , . ~ ." ' . ' " ' . .

of the bfolog 1cal - proper'tl e ~ of t he l ps IOOl ecul e (761.

o . • 0 ~ , : •

2. STRUCTURAL, AHA.LTSES OF!POlYS~CCk"'RIDES '

Thi 1 ll11i u nolog1c~l , serolo~fcal. and phage "re'c4lptor p'~oper,t1es Of

bact eri al P01~sa~chaddes ar e usuall y expr esse d thrO~gh •.reg1 ~~S ~f the
• . ' j < ' . .

polysacchal'lfdes-:known as th e .,antf genll; dete rmfnants, (12. 16; ZD ). The

.basis of ~e ari~1 g,n-an ~1 bod~ ;nrnUnOl~g1C4,~ 'p ~'e n',OlI1enon is the
• ' ' . .. ' • ; , I • .1 • ' . ' " I' ~ . - , ."

. ....

/ ' .
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recognition of partia l structure s of the polys accllar1de antI gens by

antibody molecu les or f lllllune cell recep to rs. For a quant i.t at h e

cons l~erat1on of tile differen t specif iciti es of the antfg enic dete r­

rstnant s , t he elu cfda t fon of the st ruc t ure of t he polysaccharlde antfgen

i s necessary 02 . 16, 20) .

In order to fully Characterf~e a. polysacchari de ,consi st i ng of

. '"repeat i ng units or "an ol1 gosacc~ad de . a st ructural study · should

det ermine:

a) t he nat ure and number of s,ugar s resteues and th eir rela t ive

proport ions ;

b) t ile posI t i on of the lf nkages of tile sugars resid ues;

c} t ile sequence of t he cOOIponent 'sugar s;

el) the anomertc con ft!iur~tions of tile sugars presen t:

el the conformatf on of- t he polysa cchar ide .

The litel"ll. t ure descr1b1ng the techn iques used to ecnteve these

requf reee nts ca nnot be revi ewed adequately i n a dt scussten of t his

n ~t u r~ . There fore, only the technt ques used In t he course of this work

will be ~1scussed " with a~ attempt to re fer to the l ate st 'crf ttcat

. r evtees ; and to update th~ appl i cat i ons of t hose'y echn lques for whtch

sig nificant improvements have recent ly been mad~~

Whi le some of the follo-':lng di scus sio n will deal wfth repeat i ng

units ,of polysa cchar ides , IllOs t 'of the met hodol ogy desc r lbed 'ca n be



'"
equally ..ell applfed to the investigation of oli gosaccharide

struct ures.

2. 1. Total Hydrolysis

The hydr ol ysis of " poIYS8c~hartde . and the subsequent aI'l.lysh of

the hydrol ys is products i s' of te n perfomed lJ,Ial lta tt'ely . However , t he

t otal ~YdrO'y sh or POly~aCC·h·arf d~S. 'par ti cula r ly th ose ~ith r!Sfst~nt
glYCOS fd~C l1 ~.kages . ,h ~- 'mo~~ d1ff1CUlt operat ion 1111. HydrOCh l~~f C .
s~ l furfc and t~1f' uor~acet1 C' .ectes ar~ ~~only ,used\~ ~drol )' s ls "and
are sUffi cfen t to c~pl ~telY hydrol;se a neut ral polysa cchari de i nto i t s

monl)flerl c sugar units : ' .

Host Of th'e constituent ~n~saccha rf des" re1eased dur ing the ad dle

hydrolysis have tr"d1t1on~11y been f dent f f f led ~Y paper chrolliltography"

and e. f ,e , ' (78 ) . but ' tlle q,l.l t tathe and q,l.nt1 t.the analys is is ·no.

lIOn! us~allyperfOlWd by 9.1.C. ,and g . 1.e. ~II.s . of ~u t-ta bl e de~ha thes
(79. BO I. The sugars art . Us~~l1 Y tran sforale-d" into ae.e ty1ated - "l d f ~o1s

or ildonftrfl es. s t ereet seeers ghe si_nar IllaSS spec tra and 'When mts

. 1 nfo~tt on 15 eoupl ed with the ';;lathe retentt ~ n. UIll@S on g.1.e .
, '

~ de~ttf1eat.lon of t he t ndiv idual sugar is po~st ~ l e , "-w{ th the exe~pt t on

of the absol ut e 'eonf1'gurat 1on (79-831.

2.2 . Methylatf on Analysis

Methylat10n analy~~ s . developed by Haworth and eo-workers, 1 ~ st t ll.

t he"most fmportant sfngl e IIlethod 1n st~ue tu"ra l "c:~rbohydrate chemtstrY".

It 1nvolv es methylatt on of all fr e-e hydroxyl groups i n t he poly saecha­

rr ee and tlYd"O~Y~1's , of"the h!thy1a~d POl~~a~Chi'r ~de t o .i afxt ure of
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partially IIIl' thy lated sonuseccnert des • The free hydroxyl -groups In these

'"""malt the p.osl t fol'ls at which t he cor responding sugar resi dues were

substftuteQ 1n the polysac charide. Qualf t at fve and quant f ta t fv e

analys i s of th is mixture therefore gives 1nfanna tion on, how the

d~.fferent sugars .are jtnked. . It does not.~ however , give fnfonnat1C)1'l on

the sequence or on t he anomeric cOr:lflguratfons (81-83 ) . Due to t he

, tnsol ubil itY 'Of hf9h lllOl eC ll·l.a r: ~~ 9ht O~tha l'n ' poly~r- In ~r-9a~'i c
SOl ~en~~, t he ~ihOd. Of'-~lIwort~ (in,",Purdfe lBS) "-'nd K~'hn (86') reti~ i red'

several>teps ~" a~h;eY'~ complet~ meth~1at1ori. - ~h e:reas now th~ H~k-om~~ l

ilethylatlon (a7l achieves comp.l.~_t; methyl et ten _1n 'j ~ st one step.> The

latter method consists of t reat ing the po1-ysaccha,rfde fl'!, 0

dhllethyl sulfox lde 'WIth the anfon of sod11J1J1 methylsul flnyl methan1de

and subsequentl y wit~ methyl iod1de (87) . The Ha1<omorf methylation,

unl1kethe.K,uhn and Pllrdieprocedures, .ca nnotbeusedon'a

polysaCChar ide cont afni ng alkalf labile subst ftuent s which should be

preserved . , In the la tte r case, methylatio n with ,met hyl . '

. t r f f1uorollle thanesul fona'te in t r lmethYl phosphate, ',usf"g',2;6-di ..' t :

. butyl Hyrfdi"ne as"a proton scavenger 't ~ an' ~legant , aHe~n'att:ve (881- .

The methyla tion analYsts is based on th~ ability ' ~ fractionatE! 'and

char-acte r-lze t tle par 'ffall y met tlyl at ed monosaccharide s generated by

hydrolYSiS of tile .fUll Y methYlatE!d 'polysac,ch~ride . Thts is "!Ost

con~enfentlY accomplished by .:omb fned gas.ltQllfd chroma tograp ';Y/~ 5S

spectrollletry of the methyl et~er ald1tdJ ~ceta tes derivatives (81-83,

89) .

The interpretation of ttJe mas5 sp,~ctr.a Is 1l 5~anya simple tas k.

Prflllary fragments ~ and ~ are'-,fonoedb/ f,iss1on ofth~ carbon',cha1n of "



"component 1 conta in ing vtct net methoxylated carbons , t he rf ssf cn between , .

t hese carbon atoms is preferr ed; eith er fragment may car ry the . positive

char ge. Whl'!n a methoxyla t ed carbon has an acetoxy1ated neig hbour such

as structu re~ . teneencytc fis si on'between the methoKylated and

acetox ylated ca r~o il . a1tho~gh not · a s ,\ g.rea~ as . be~we.e n vfcf r(ical".methoxy¥

l ated carbon, ~ives ' sf'gnfficant p~1R1ary i ons and ,the r raginent ' wh.h t~e

lIl~th-oxy' Aect. '~a rbon ~ always ca rr~ e s _,the-~s f' tl~echlii'g e .Iscneee O.

',1~ 'general ~ _ 1 ~ II ~e:,s.ldue ~o~t~ .1~.5 , · · a · · ,~th~ )(:y. gr{)~P .' f~a ;.ne~~at~o~

- . - . - . '
consecuti ve el flllliat1 0ns of met hanol ,"hVz 321'. acetic aci d (m/ z 60) and .

c . .

ket ene -(.Rl/ z 42), Elfmf nat lon s of aet hancl , ketene Il nd '~e~lC aci d frolll

two p~ f mar.r fragments of 1'1/1.161 (coirmon i n mass spect ra. Df methyl at ed

sugar s) ' are, illustrate d In -Scheme 2•

. A,nalys1s andst r uctu r al ·cha r acter fzat fon of par t fally ~thY-1.ated al ~ftol ,.

aceta te s of ami no sugar s -hes been.tne ' ~ ubj ect of sever al investig at ions

(BO , 9O-~3) • . For aldftol acetates d~rh,ed fr Olll 2"acetamfdo-2.d~xy ~

sug'ars g. ,t he 'pri ma?" fragll~~t m/z iss and ' t h'~ t~ 'sec~ndary fra~nts

m/z U6 :and rn/z. 9lI pr edOlll fna.t e . Other fr a!pents er e , IIowever , 'st rong

.enough to ,i dent ify the met hylation pat t.em (Scheme 3) .

Other mod1fi cati ?ns of t he methylati on procedure such as the

J ·i nt r oduct fon of deut~riUIII at CoOl 'f n order to ·obta in 'unsY!IJ!et ri cal

deri vatives, di d'euteratfon Of C-6, tr l de ute~ fomethYlat1o n .
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t-toeutertcecety t eercn, or ethylat10n give 'der ivati ves , t he fragmen­

tation patterns ,'of which are quite analogous to tho se discussed earl .ter

182- .:94, 1021.

- 'The reductive 'cl e avage at' the pennethYlat~d poly saccharide by boron
• I . .

,a tr1'fluor 1:4e. trfethyhf1a~e and trffl uoroacetf c acfd , to a mixture of

. ~a nhydr~~i dft0 1 S '" can be ·us~d . to dfstf ngui:h be~we:' 4-11~'ked "aldohexo;

PYr~:~ o'~~ :a'nd ,~~linked' al dOhexofur~ '~~se .r'e;s'fduest~ -P01Ys il ~ char f des.

-- .·: : ~~rm·~t~Yl ~te.d· . PO!y~~ci.h a ~fde$ · 'con ta't, ;' t~~: , th_e~se " ~s t d~ e·s ' . W1'1'"9f:v ~· :onl,;,. · .
:--O~·': ' 'p a rt'f l' 1.v~.~et~l at~d ' -su9ar;' 2 1 3.~ 6~·t r1-.Q.~~·~l hex~:s e after -r;omal .

i~:f d: hY'd~D I y.s. f s . - :-Th i ~ ~t~~¥ c'an' al ~o be.~p~1 1 e-d t~ 4- And 5~ ; fnked
aldopentosere"sfduesandtoS- and6-lfnl:.lffi'ketohe J<.oseresldues (95);'

As the methylatIon analysis has become sc.step t e, It is also used

In connect ion' ~f th d,lf fe~ent, specHf-c degr ad.lIt 1ons of .poly saCChar1deS

per f?nned 'fn order ..tc detenni.~e tbe.secuenees ~f the sugar re si due s (96-98 ) .

sequence ' Ana l y~ i s

Mci.'ny d1fferentdeg..radatfon technfques areusec-rcr -sequence

.a il al~~ i, \ of· pO!YsacC~~'r~de~' . " There ~ s no s.tandard . meth~d s. and each

polysaccharide pre se'nts ',its 0Wll probl eins_ Among 't he ' ol d,est methods are

t h.e partia l ac1d hydrolysis and analyslS" of th~reSU1ting 011g05ai::­

chari des:. t he SlIlf t b 'degr adati on and the ' dealiin~ t ~ on of the amino sligar... " " . , " . "

res idues . ' These' diffe r ent met hods hav'e been s~....arfzed1 n th e l1 t era-

. Capon' (100 ) has cceprehenstvely revfewed: the "first order. j-a te .
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1llOnosacchar ldes i and several generalizatfonslll/lybelllade:

a) - furanos ldes are more lab ile th an pyranosfdes

b) - /feOlty sugars ere more easily hydrolysed than nexeses

c) • uron1c acids : ~ re very ~e ststant to hydrolysts

. due"to" the' t riduct j,ve 'eff ect .'of ' t he prot onat ed amino group'

" eo )' - pe~~~Py!,a no~'f1_e~' ar'~' -~r~ :. 1ab 1 ,i ~ than ' hex~~;ranO S 1de:s
.fI ,':II -g1yc.o:$i (i~c~ ~~nds ' 'a.re ~~ually _~ore "' ~b lle ,than" Il : ~fyc'O S ~ d1'C

- bonds

' : ' , . ' , .
It ' 5 therefore logical tIlat' "given a. hete:ropolysaccharld'e.• there

w111 be s~ g' YCos. ~ iI1C bO;;dS.•th~t ,~~ relat'hely "resls t ant to acid

hydrolysfs and oth'lOr s that ar~ :compari t 1vely susceptible . Therefore,

-. polys'aCChar1de~ c?ntatn1'ng l ink.ages of efther ty pe wf11 -tend ,t o produce"

deff ned oli gomeric 5ubun1;~5 'whtCh can ' be"fsol 'at ed' and1dentfrted . Co~
. , ' .' " ". - : ' , ' , ', .

. 51~erably more str,uc tural ,~ n f.o l'lM tf on' can be cbte fned if t lle:lle t hyl a"t ed.

o11gosacchar ,fdes ,.der h ,ed "{ram,aCfdi c' tiydro"lysis' of permethy l'~ted 'pol y• .

sac~harf~: ~:~ : ~e,du~ed' 'and re~i~;h ted u~{Ag t;t d~u"terf~thY~ or , e ~ hY l
. fod'Ide."' .ThiJ~ ,·th~·'. 1'~oht~O~:: o~ ,the , a:l ~y.~ a~d ~fsa'~Cha~ide ald.ftol . \~ ' · "

d~mon strates: · 'a ) " ':h~ t th~ ~l~sac't~t1 de . ~~~,ta f ri s , th~ d ; ~aCCh~'~t'de unft

1i ,b) that ".tile :~on- redu~ t ng,gal actosy1gro~p ' ~,a s 11nk.ed ' to, the 3-
. ..' " . " ." : ' , '

_: posf t1on''fn ·the ,Polys·accharid e; .cl that the .re duc1ng r es1due 'oIasfurano- ,

stdf c; dl a~' ,thiJtbothsuga,:s'we~' cha f~ res t dues 'a~d ~ot bra~chl ng
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residue s (JOl) (Scheme 4) . Thi s latter technique ha s been further

devel oped by Albershelm and his cc-ee rcers {lOZI.

mt alternathe to partial acid hydrolysis is acet olysis (97, 103)

arid the re lative rate s by whic h the di ffe rent glycosid ic linkages are

cleaved differ for: thfs and. the ' !:'revlous. IIIl!thod. Pyranos1dfc (h- 6 )­

l i nkages are cl eav'ed-more ' readi ly' t han oth er types of pyr~nOsfd1 C

on thereactfo~ tempe.ra t,ure used. ISthem~ st.
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~ POlyalde~Ydi: \!Ih i c h' ~ ' wti~n ', ;'~du'cid ', w i ~ii. ' ~o~iUII , ·~·o~hyd,r,f;de ;· · ,-Y ' ~J.~s: 'a . .' .'

~ p~ 1 'YOH ~ , ' Thls'.'defh ed" p~lYO' :,'~~ n -proY 1'de ' bans"! der~bl 'ti " i' ~ f~nI~t1 o lr- (in"

formed.

by perfo date \!Ii t h' t he formatio n of carb?nylc9111~ollnds as f11ustrat ed in

Scheme.6i the. simplest fra911~nt.sb~1ng 'fonnal dehyde (R ,~nd ~l • H): In

. the . specia l case of three contiguous hydroxy.groups . fOMlfc, acid is el sc



'"0' , " "

. ' ::~ : '; ...' ., . ' ':: c : ' , ~' ':

···~··· ':~-t; \T·· ·;:

.. : .. " .:- · <·:;::~·:~:,~t

stnlCtl.l:~l elnent,ll . 9'.;';S ·the, ,2~·~~;~-·gllaC~PY~anOS1'1~!- eryth~'. tol · ~~"~:':/ ",F
. I '~ , !l ·Yia · ~' ~lya;c~oj ,g ' ( 1C)~ ) ~~Ch~-:7 ) . - - -r-, ~ '.: '.' . :~ ..

' ,;~sg~f;i:~~::~~~~i:,~t;,;{,/; i:
. . ' '.'(.:..... .,:: ' :" .) • .;. , '; . . ' ~ . . .1" . , '; ; :~.\ ...~ ','.-

.: '. '2 ~3:3: ',: D~amfna't 1 o~~' : ,,: ;. . ' .; ::~':,:;>: :, : , " :',,' :':.'J
..,. s;;ve';'~';";~h"i;e'c"ti,n";no <;";;;;;.t,ich · i" :;;;"'l\~N~ ; ; ; ...::. ) .:

aC~~1a~d , 't~~~ ':'~~ I ~U~ S ofle r- a ' ~ta r~ f ng po'fnt c~'r ~~~ ff1~ de~ra~a~ ,.. · . .." ,:.

'~5~~~f~ffJ~~~~~~f' , , 'I
(~~"~ 1 des 'and - gfYCoconjllgates '~;i 2~anri Il,O::2.:~CJ Xy,:,~ glucos@ ' and ·2~';1no- ~ .~.~;: . -:'

· .~~~·~QXi~~~~) ~{~~~;~.:;~~~ ,~~~:~~·i.i~. ~f ~~.~ ' ~ ~~~f.n~~~d~~~~~~i~.e~~.~~;· ' · · ; '::<'.j-,:->
. ~hel r- lleltopyr~nos1des . ..1':1 'ltlich the, alIi,no group is equatDrh lly·'or1ented .. :, "

, ". '. ' . ' , • ,~ .. ' ' , - " •. , ' '" - ,c "

:" "n' t~' .o ·st st~bl e foj,D,, Y 1 el ds· 2 .5-a~ llyd ro:: res 1 ciues ~ ,',1h1's' re action ' hils
. ' ..' " , ' , ,' '.- _ . "" '- ' '. ' -. ,'.

been "a,~~quite lj revf!wed.•tnthe ' 1 1 tfra~joe: 197~ . 98 ~ 11 ~~ :113),,":: ',The·':,:·,-.":.'

,.:: r '

.'.'• . :' .' rea~~an'geai~nt,:·, r~s~l ,ts· : fr~,·an · at taCk,:oiI,"~he "1;nu "nn! dt,a,t e d~ a~o rii~ : f, on ,::: . ' .. ,;,'.

(.,;.~~~ ."; ::":'.'i·'',\•.,.::-' : i> by ~~ rt ~~~'~xYg";~ ' a ~~' (~;Ch -1$ i'n"a' tra~s a~d ' ant t ~~~'~;lel' t) , . " : . , "

" dfsPtisft ; o~l .' ThW$. deamfnatfon of a 2-amlno-'2- t1e Ox~-Q-gIU~Opyranostde . " ~ '. ' :; ' .,t_~.;'.:'

~~~;~ ,~,"·,;~·:;~Y;~::I~:;-:,);i~\+
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with r el ease of the aglycon (Scheme 8) .

Similarly, 2:.amlno-2-d eoxy-g-g alactos fde yie lds 2,5-a nhydr o-g­

tetcse , St udi es have revea l ed that par t of the deaflfnatf on reec rtcn of

2- aml no-2-deoxy -D-g lucos ide 14 Ilayalso ,ta ke anot her cour se wit h
= - ,

fom ation of a 2-deOXY-2-f.- fOrtlYl ~g-r l b. O-heXO.5:id~ This , u~.expec ted

rearrangelllent .-_ resu l tsfromtheattacl:ofcarbOn~hi chisa1sotrans

. ' ~nd ' ~nt1 parallel ' to the d.1azonfum1io n (97. 9B, 112, -113).· - -.

AlIlinosugar -i ncorpor at ed tn a polys acc haride chai n al sc re ac ts in

the sam; manner. r ne.u-speettrc polysacchar ide fr o.. Shtgel.la fl e~ne rf .

pol ysa cchari de variant Y, i s ccepused of t he .te t r asacchar i de repeati ng

uni t !J! (114). The N;.deacety lated polysacch ar-i de eas deamfn'a-tedby

t reatment with nitrous aci d yie lding tetrasaccharide II as the mai n

product Jscneee 91. · Met hylati on analys fs of th~ r educed tet~asaccllarl de

showed th at one of .{he ~-s l.i bstitu ted o""k- rhamn,opyr anosyl residues i n t he

or igfnal pol y s.accha r1 de had tec eee t he terml na l ' non-reduci~9 o-k ­

rham~OPYra nosy\ group in .t he te trasac charide, proviog .t,hat t he 2- "

ac~tam1 dO-~,. deo~-g- 91Ucos·e was l1 n-ke~ . to 0-2 of th is krhamnose·. On",

t reatnient of t et rasaccharide II wjth base , t he tr'is~cCharide li nked t o

0-3 of the 2.5-anhydro-mannose (produced 'f rom the deilllfna t t on of the

ami no s ugar re s1due) was rej eesed; M~thYl a t j on analysls of t rfsaccha
. . .
ri de aldi to l .@ pr ovi ded th e . seqcence of th e, three rhaillnosyl res i due

fn~ . ,

neentn ett cn reactio ns ,have also been applied to polysacchar fde

.cont ai ni ng, ot her aminoS,ugar s " such, as the polysacch,arfdeJrom Vibr i o

c.hol~rae cont ain ing a polymer composed of (1+2) linked 4-amfl)o-4 ,6~

\
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d1deoK,Y-Q,-g-liannopynauosyl residues ~ illS"); and polysaccharides

c'onta1flfng z-ece ta ntdo- 4-amfno- 2,4,6. tr1 deoxy-~-ga l ac topyranosyl

, r e s i dues ll. 111~ . 117) (Scheme 10)..

The deamfnat fonof. 2.amf no-Z-deoxy aldopyraRosi des, havi ng an
.. . . ~

axially attached alii no g ro'~p . affords ccept t e eted mixt ures . Thus th e

de~fn,atfo'n.of 6-0-( 2-a~f no-2~ deoxy~ ~g-NnnopYra.no sy i l ·i~ 91uccse n.
ga.v·e' the.cor respondf fig, II~ !ll y cos f de M." tOi]et her with rearrang~ent

: ·~roducis . 'PoSSf'b'l 'i 2- ci~oxY"6'~g..:.e.~Y th~o~hexo- py~an~ Sf'~- 3·. ~1 oses (1113,'

J.19) (Scheme 111 .

2.4. "Detenllnatfon of MOileri c Confi gurat i on

I n the past, deterliinati on of th e anomer!c conflgl11'a t lon of the

ol1 gosaccharfde s obta i ned by gr aded hydrolys is was usuall y achieved by

either enZYliatic ~.e t h ods (l20) or by measuring their ,opti cal ~otati on s .

Mor e rece ntly , however; nuclea r magnett c resonance spe~trostopy spectra

of t~ polym:c ha ride' and its de,grada.t i on p~oducts • .as ~ell as chr omill1l

tr1ox1de oxidation of t he fully acety lated polysacc haride have been

added to - these. t echniqu es and a re being used as powerful to ols ~ -.

ee teret ne anolller tc linkages.

, .
2:. 4.1. Use of Pr oton and Car bon-13 Nucl ear. Magnet i c Resonance

, spec~roscopy

l H and 13C _h:m. r . spect rosco py hit'S bee n exten~ 1velY used and has

pr oven to be an extremely .va'luebl e non- dest ructive technique . _Usi ng the

.-F"~u ~ l er ' transfo rm rret hod, It al l ows dpect ra of .the' polysacc hari des toi:be

obta fned f ran r ?1at l vel y SIIIall amount s of mat erial .. In l H .n:'m.r. ' it Is
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of te n suf fici ent to 001y determine tile Chemica l shifts 6 and the

cuupl fng c~~stants 3J H1 , Hz of t he anomertc prot ons. In general" the

anoeer fc s1 ,gna~S havin g chemical shlfls '-grealer than 5 ppm correspond to

a- glycosi dic l inkage s (HI' equatorial ) , and the -anllfl\er'k sfgnl.ll$ 'havi ng
. $0 . .

.. chemic al shHtsbelow 5 ppm to .$-g lycosfdfc Hnkages (H1. ,axfal l ,(l21 l "

K<1rplus ti221. delllon.strated t h,t the Ya ~ ~es of. th~ c?llPl h19

const ant}J H H" 'depend"on th~ dfh~dral 'ang l~ t " formed tiy' t~ .11nk.olges
' ,. 1 ~ 2 .. " . - , - . :-' . '

Involved es de,pfct ed fn Scheme 12. 1 '

In t he d-C n.m.r .. spectr~ "Sfm1 1ar b~pos1te effec ts ,are

ob~ erved . !" t he ~nomerfc regi on bet~een 85 and 110 Ppll, "the anoaer-tc

c;rb~n s . f-n~Olve( in ana-"glycasfd 1c linkage res o na t~ a t chemfcal shi fts

6 sm~ll er (higher f1e l d) ·than those involv ed in jJ-glyc osi d1c l1 nk~ges

(l ower field ) . In eff ect, in pr ot on' coupl ed UC-n . ID .~ . spectra,

co~p_l ing of -et e type l l C_LH can be observe d, t he major facto r governing

values of t he coupl ing const ant IJ "'belng tile hybrid ization
. 13CI _I H l

char acter- of the anorae'ri c carbon at om. In .t he I)-glucose series for

exampl ~_ ~~.£,t c.onfonnat lo n)" the ,a.- anomer C1-OS bond -exhl.bits _a more

pronounced doubl e bend hybr fdf zation character (Sp2) t han t hat of. t he

s- enoner (8n~r~~ eff~c t) . Th1s effe~t · resul ts ' in the C1-OS' bond

~en9th bef ng shorter for. t he,a-anomer and- henc~ the coupl i ng constant ., .
lJ is greater than that of .t he B_anor,er ' (l23l .

U Ct_ Il/ L '

The' coupli ng constant l J has consi de rabl e dlagnostfc va.lue .
l 3C

1
-H

1
In effect the lJ values obta ined ' f or a- and e- e nceer s are

U CI - I.I/i

. ....
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- 170 Hz when H-I 15 equatorhl and - 160 Hz ..men H-I is axial (124,

1251. This general d is tin guis hing feature is attr i butab le to the 'fact

. that the e11uatorh l C1 - HI oond of. the, e-enoeer ha s one tra ns and one

gauche fnt erac t iOl'l : (1261..

The .proto~ spfn..,1at~ice rt!~axatlon . ,t.ime :, i Tl) c,&n 'have d.f·agnostic ·

¥al ue .when determf nfng th~.. nature of -the a- ' and , B .., g l ycO~ i d i c J, i ,nkag es.

1~ eife~t" ft has bee n :shOwn: that : tn the' same' ,magn'e ti c en~ i T'1l nl'lfmt ,v,e II '

Vliegimt har t n.!J.. .tia~e' de~onstrat.e~ · that ~l YCOpePtlde pri illary.. .
str uct ure can be completely evaluated frOO! the chemical , shifts and the

coupli ng constan ts of the .anceertc and H-2 protons; by rec ording the

IH-n.ni. r , at 500 MHZ i n eeuter tue oXlde'1128l .

Two dfmensional J ~ rt! sohed lH"-ri .m. r. spectro scopy has been ,shown

to be an effi cient techn iq ue for reso lving and ass igning fn41vi dual

mUl ti pl ets typ i cally encou~tered i n ~ one-dimens,~ on spect~a of cOll~lex­
carbOhy~rates. I~ effect, the anomeric mu1tl ~le~s that :a.re u~resohed

in the DI1~ dimensiona l 250 I4lZspectra of ol1gomann9s1dfc glycopepti4es

.can be separat ed and cha~acter1sed . by two-4 ,1l1ens1.onal J,- r esolved Iii_

n.st.r-, spectroscopy (1 29).

' Recent reviews deal1ng wi t h the well deffned ut- n . e . r, spectro­

scopy of t he carbOhydrates and covering 'the -current l1terature pr ovide a
'. . . . ' , -

wealth ~f l,nformat1o n on the cheilica,l' and phys1c?cheJllcal 'proper t i es of

t he ' polysaccha ride (as signments of signals , sequenc i~ a nd , ~onfo ""at l on )

1130-1 36) ,

. . ... . .
,'on t he presence or absence of pyrUvate eeeee t s, of fac~tYl , a lld O':acetyl
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groups, 6-deoxy s u g~s and the deoxy functf ons carry ing the alIIi no group.

?4.2. Chromium Triox1de Ox1dati on

. . . . .~
Angya' and James have demns r r at ed t hat tile full y."aeetylated B-D-

. ~ $~e~ - of ·. t~e . aldOPyra~OSlde': l§ w,ftn -an eqUllt ~~t-a l l~' o'rl~nte d~YCOn .t s

oxf dl!:ed '~Y ChrOml ulll ' tri oxide 1n ecet te add t005-aldu'oso,~ate ~ (-137).. . . - : ". ' . .
' . _The a-D-JsOliler n ~l tli axially or l ~n,ted "aglycon: ls "?nl y 6~f dhed . s~owl y

.::under th e samt: -eond.ltfo,ns {;3 .7) (Scheme 13~ .·

Lindberg 'and. co-wo r kers hllve prrltrted out , however, that succes sful. . . .

f~terpreta tion :of.- 'the resu lU of tile chl"llllllum tr ioxide oxi dat ion

requi res that the c~~ .fonMt1 onal stabf11"ty of the cha1r fonn, having the

axhllyoriented aglycon, be la rge enough to ensure that the propor t ion. .
o~ t ile alternate f orm is negligi ble (138, 139). For lI-~-lfnked pyrano-

s i des and some of the - d1deoxY-5ugars (e. g. , 3.6 dldeo xy-g-arablno

hexcstde , tyvej cse}, the energy difference ' be t ween the two, chai r f0 l"l15

i s s? small that ..~he,lI.:-0 - ll n lc e d 91YCOS6de w111 als o be oxidized 038­

139}. ,'I t has r ecently. been co nfitined that , the (1- 11nlced' glyco 5i des of 3­

amfno-3.6- dldeo.xy-khexosldes Pf,.. ,confonaat 1onl , pa vi ng ~ially

crjented aglycons" are re sis tant to ctiromilKll t r ioXide ext da t ton, wh~rea s •

the B -J:-1t n~ed "glycos1des havi ng the gluc~ conf iguration ·Pf.. conforma­

t ion and t he lI-J:- lln.,ted .gl ycg.Vde havill!l 'the tal o 'co nfi gur a t ion {4f. 1

confon,atfonl . where the ' a91yc o"s are equa~orially oriented, are re adily '

. oxi di zed to t ll:e · correspond ing 5-aldu los onates (14~ l .

Sugar anal ysis of the oxi dation produc't of the full y acetyl~ted

ollgo- or polysaccllar t,de s. -us i ng~1nos1tol hexa-ecetate as an
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i nt erna, standard, revea ls ";'fc h sugar residues nave been des troyed and

2.~. Con fo l'llatton Analysis

In stud ies ab led a t "; better underst andt ng of the ' b f ol ogi C~l

phys ical properti es of a Pllly s a cchar1d e ,"determinat i o n of i ts str uc ture

3 •

+41- B:'k,"';Rha.l?';' ( 1 ".. Z) -a-~-Man£,, (l " "2)-tl.~~Man.l?~ (1 ... 31-B-g - Ga1.l?( 1 ..

!§ .

2ACO-Q.-G1C~
- 1 .

a-Ab el

1

th us the a nOlller tc conff.gu ratfo ns of t he dHferentsugllr residues. Ester .,....

li nkages famed durin g th e oxidation can be cteevee during. a subsequent

methylatt~n an,d by compartng ..t he me't.hy";atl on analysts of t he Orfgl~al

polysacc har1de w~t~ tha,t of the .C?x1diz e d sample , tt1e sequence of th e

residues may 'be· ~e£ermi ned . for ex~ple. oXidation o~. t~ acetyl;~~
1t PoP01 YSaCC ha r ~ de '-troll ' ~1i~~o~ell ~'timi~kY .eeveatea t hat th e t -rnennose

, and· ·D~gaiac~.ose ' . r~~,1due~ . ~ere ~~1 1n.kS. . f n}~o rl't_ra'~ t ~~ ~~lInk.s. f6~ the D~
lIlannos~ _resfdues. On methylation .,analysis of the oxi dized produCt,

comparable eecunt s of ·2.3~~,6 - tetra~Q.-met/ly l ,,:"g-II1.lnnose ar,1 3.4,6-t.r i-j! ­

-me t hyl -g- mannllse wereobtal ned; As t he blll g-Illannose resid ues are t he'

"onl i a.- l1 nked sugars t n the cha fn , tt was concluded that t hey are

adfe ceat , as shown tn t h e structure of the oligosacch"aride re peaUng

unit 28 (1 41) . '
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is , only the first ste p; the ~ext step should be t he detennl nat1o~ of it s

cenroreat tcn in solution .

Recently, Lemieux .!! ..!l. have used slllp'e hard-sphere

calCulat~ons. with correction for the ex~anomerlc effect, ir "the,

detel'llljnatfon ~f olfgos&'ccharlde- C<lnfonnatlons,·114Z1• .They have also

demonstra te~. :u51n9' high Held IH-n.m.r~ studies ' that t here -t s good
. - : - . ', '. . / - ' :: ' , " . .

corre ;Wonbetween the calcuTate,d 5tructure~ , and tncse actuaH y present

;~ so1utlon ; ' : The c;n'fo~a t1 onal , p ~e ;ere nce/ ~f ~h~ df·a: ~ t e reOf .s ane r:.1 C ··~·­

. g-G al~.l1~4 ) - a "g-Gal NAC - ,r l+ 6 1 ~6 -f;CH! t--Ga l trf$aCc~~r.1·de . that binds

spec ifically to-the sc-cat 'tee anti I Ma -monocl onal ant ibody, were

established by ~1i - n . lI.r . spectrosco py and ration 'allzed bycomp'uter

ass t st ee lllolecular 'lDDdelf ng (143 ) . SfRlf.h rly . t he conf onaat 1on of the

bacte rial J1Dlysaccharlde f r Oil Haemophilus , Infl uenzae type e• . composed .of

the -dhaccha rlde repeatf~g . unit 12 (l44 ) ~as t he conformatfon . depicted

in SCheme 14 .

Klgh re solut ion nuclear l agnet lc ~sonan~e 'dati'combl'ned '"wltll har dM

sphere IIIOl ec y,lar modeling (HSEA.""cal cula t 1onsl has al so pennl ttCdt he

study of t he con.fo,rmatfonof genti obiose cctaecetete i n an o~ganfc

. soh ent {~45~ . .

final ly . knowled~e ' of}lI e r eserueces assoc iated ~th specific

res tdues ~f a br anched polysaccharide 01' 01lgosac cllar1de c.omb 1ned wi th

eee su-eeents of cll'rb\ln~13 ' spfn lat t lce. relaxatlo n times ' (T1J may ah a .

allow"ass1gl1llents of qC- n . e.r. l'esonances, as' eeu as"p ro'vid1,ng

c0r1s1derablefnfonna t lon 'o n' tlie posftlo n. of res1d ues 1n bran'ched poly M

sacCharl~es or t~~ ' O~der "of s~cch'~rides in · ~i ~ g~mers . 1146; i411 . ,. t1d
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hence~"'f,ts meUllretllent of the .1I01ecllh r IIIO tfon of th.t '.polysac 4

ch.rfd~ .

. . . ."

re sld~~s . -Con.."e rsely . cress ~.actf't1ti. of a P01Y~~CCtl. r.t d~ of. knOll'lI z •

stl'llCt ure with " 'ant lbodi es' to' a p:Ol y sacCII; ri de' of unk no~ C oaiPOSi ~ ! OI! and

· ' ~~· ':~+1:Z: ::8 : ~::::::~pe...th...·"'},.,., ' the '''C~;fta': ..
t1On.reactf on~ of anti body ( pr ecipf t tnl ~~d antfg·~~ . ' Hefdelbe!"ger. ' .

.!U.u-::;-( i.4~. 1 ~1 1 .t-.~e , el{.fn~d ·"~~ . C~5S -r:act l o~-s betwe"en .~p~~1~ttl ~,

60 Of..t he·serOl oglCillY.(Iht~ net. ca ps ul .aj PO)!5,cc.ha rj d~~ .. f~, ,

K leb~ t el1'a ,~pe s 1+80:and a~ t1ser~ ,~. SOl!l@', ~elKted pnellllo~~cu~ " .:

" poiy~~cc~ a:r.l,~~·~ . ..~~:~, "de~ ~~ , ~i cro~s ' re~ct~'~n~ ,a~,: ~:e,~~lI ~i.db!:' , : '~~~ :'~\ .: ':, : :

amount of) r,.ec: ip f.tt tt on . ls : an fndic at10n ,of ·the degree, of .. slrlf 1a~~ ty of . ': .

, th~ '~tru~tii~ :'~'i , the ·POlysac~ ti a;l·~.· Used',to , ~ I f'~ l t ', th'e 'l~un~

. ....: ".

W:h~{ '~ , a~tl g~n 1; 1nJe'~ied' tnt'o~ an't"l~ ( e. ~·\· :;ab~f t )·;. ·tIIe.:

i·~~·e.. ~s~. ~f, ' , tlI,~ t ' .0J"9~n f5m h:.~;t~l,~t.~'~ I ~ to '~p~d~d~~ ~.~~bOd~U ".~ , .'

...........;,~::;:;~:::~h:~i:~::~:~:~~:::~:~:::f:::~;~:,::::::;~:;:::i:::e " ' :,:
'. cornls ponlilng ' antl'$e~a "are 'al so freq uently a'l~fl ab'l ~ . H~nce ' the eros's

. reactf~~ of .. ' 'p oiy,~cc ~ir l de or ' uilknoWn .cr . , u~er t~ i n' ' C h~ f~~l' ~~~~~ture
wttiJ an~~~tu. ~ " .. ~~lys.aCchal1_d~ of kno~'~ ~tru~t~re IN.! Ylel d"!n fo';'"

matlon 'on both positio n and·11nt.i'ge of olle 'or lO re of ttM"! ' s lIgars





STRUCTURAl STUDIES ON TilE llPOPOLYSACCIIARIDES

ISOLA-TID FROM BACTERIOPHAGE SELECTID STRAINSOf
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AEROI«INAS KlDROPHILA
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AerQlllonti' hYdrophila Is a gram negathe ,bacter1U111 belongi ng to the

falll111 vteetcnaceee, and<.:l .co.nrnoninhabitant of freShwa te~) ~k. e s and ,

streams (}SJ,-156) _ . .

The ,mfcroorganisms of. the genus AerOOlonas ere of parti cular

i nterest to the fis heri es sctene tsr , as they "are ",idely distributed ,

part1 ~ -_as saprophytes , and ~.ir~H' as' agetit~ ' C~US:in9 d'1s~'a'se 1n fresh-

. . .
Accordi ng to Shubert h 571 and Be~gey 's Manual 'of Detenn1natf~e

Bact eri ol ogy 0 581, . three specfes are present ly dis t i nguis hed in t he

genusAerOOlonas:!1. hydrophl1 a.~.punctata ,and~.~.

T.hese mic roorganisms were dtscovered aliDost simultaneously toward

the end Of .the las t cen'tury under, d1ffer~nt cIrcumstance's. Sanarell 1

lIS91 1dentiffed!1: hydrophila {ssp. hydrophflal as the agentcausfng an

aquatfc bacterhl In~ectfon of"frogs. In numero,us ~ll per i inents involv fng

the artificial i nfectf on of fh .lles, "allphibians, ~pt11.es", bfrds and

mal1lllal s: Sanarell f demonstrated -tt s pathogenic i ty for "bot h· potk11o-"

the-rm1,c and hQl'leotherm1c animals.

The genus Al!romona"s hYdrophl1a Was proposed' by Kl uyver anelV:an

Neil (160) to acccmodate rod shaped IllO ti1e (by means of polar fl agell a)

bacter fa ~s"sess i ng the general ,properti es of the. enter-tc . group.

In the 7th edft i on of BerSey' s Manual of Determfn'athe aacte rtet­

2,9l ' Snfezko desc; fbed. three s~ec'fe s Of :Motl1.~' ~romonas . -
" " ."~. l1guefaciens" punctata:an d ~•. hYd~ph1la . 1h~ . d~e s cr f pt1 ~rr of these .
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species was based on the i r pathogenic ity and a few btccheetca l tests.

It 1$ obvious that sf nce t he initial proposal of the genus Aeromonas.

the texc noat c classifica t ion of the mot il e Aeromonas species nas

presen ted II conf usi ng picture, mainly due to t he relatively 1II1 nor bto ­

chemical differ ences whtch have been found'be tween st rafns.

rte prese nt posi ti on accept ed by , t he Judicial Conrnfss .1on (Berg ey...' s

Manual of Detennl~at'fy e' Bacteriolo gy 1974) i s ,that the "mot il e ,aerOformads

conshtof :two ,speci es. vII . ~;, hYdrophll a and~. puncta ta . t he : fonner

with -t hr ee 'subspeci es , "and the l atter ,wlth ,twO. ' The' major ch~nge

rep~~sented by th is la t est dfsPos.lt lon.of t he -spec.!:s is t hat

!!:. . 1 f 9uefaC Hm 5 haS been .na, galnatedwl th ~.~ andno l onger

exfsts as eIth er a seeeretesceetes cr subscectes.

On the basi s of computet ilna.lys1s of 203 biochemica l char~cte rs

for68 mo t1le ~.Popoff ,andveroo(l61lhave p roposedthe

retentionofthespecles~. ~,(biovars ,ItYd ro~hl1a andanaero.

genes) and the i nt r o.duct 1on of a new spec ies of~; !.2.!!..!:!!.

BIOLOGICAL ACTIVITIES 'OF Al:ROMONAS HYDROPHllA

Mottle. members~'of the. genus Ae~omonas are ub,1qultl!Us f ~ fresh

wat er and are known to cause haemor rhagic septicemia 1n both wam.- and

~old-wa ter fishes 116;)., T~ey ~re gener ally t,egarde d "as op~~rtun1s tic

pat hogens caus i ng di sease tnsbressed fish or as se~o~dariTnvaders in

tnfured ones.

li ttle attent l on has be~n giv en 'in the i nvolvement of Aer anonas

hydrophfla. as a ca use of human 1nfe:t10ns. This may st em {rOO! the
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frequency with which the organ,ism has been incorl"i!ctly identified as

another species and fr OOI t he organl slll' s reputa tion for l ow virule nce ;

th is has le d cli nic ia ns to suspect that , It is not cOn;§?ut lng to

dfsease even when it has been cor rectl y identified.

,Repor t s from ~round the wor ld of ,~1s organism' ~ involvement i n

, infectfons 1,n humans are becom1,ng i ncrea ~i ng ly more frequent however.
. ~ " , " . ' , .

and ,i t appears tha t , this organis lll,may have nlch greater cllnfcal, .
f~ortance t han was prev'iously .su'spected .

It has bte~isola ted , in pure, cul ture from 'both 'fo<:a,1, and systemic" ." .
f nf~t10ns of varyfng sever ity . and can act i n conc,e.rt with ot her

organfSms. It has also been iso late4 from stool, uri ne and sputum

seaptes wfthout ' asce rta{nable pat hogenicity , which suggests t hat it can

be a const ituent of normal human nora (163) .

A. hydrophl1a has for some . time been rec ognfzed as an

opportu nistfc pathogen i n hosts wfth Impaired local or genera l defence

mechanisms. However. reports of acute dfarrhe~l df sease caused by t his

organis m in appare ntly healthy individuals are Increasing in frequency ,

~omp:omise<l host s 'are especially H kely to incur progressive' or even ,

fat'al fnfections (164-166)

St udi es condue'tel.on the ser010g fCal . id~ntltY of members of the

AeromoJi as hYdrophi 1a grou~ of bacteria have fnd fca~ed , an extrao rd inary

amount of ' hete'rOg~nefty ' (167) • . Recenti nvestig!1t lons "bY tradltfonal

bioch,emfcal reactions ( ~r ~ ). and by analysis o~~WcomPOS1tIOn ?f t he

core ol igosac charide of the cel l-surface lfpopolysa CCharide (47) have

indi cated three major sub-groups • .

. -...' '''~.....
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Interest in the structures and flllDu nolog1cal propepUes of the

cell surface polysaccha r i des of the dif fer';.nt chellotypes of tMs gram­

negative bacterium has increase d, and li ttle is prese nt ly known of the

bioc hemica l bash of pat hogenic ity of t hese spec ies.

The deta 1' ed core structure of~hydrophf1a CheRlotype I tI

has recently been 'repor-ted (48). Thi s the sis presents ' the results of

structural st udies carded out on two dis t1,nct regions -of the l tpope'ly-

. saCCh~~'i d~ '( ~,.~1 .rOU~h ~~.~~aC~ha~1de_:andC(H'e cilfgO _SaC~hll.r1de ) '" .

iso lated' frOll Aer omonas hydrophfl a strai n A6. as we.l.~ , as on tile . core

oligos acchar ide f~' iwo " ~h aJe\el~ted muta~ts (!. hy'droptl11 ' ~traf n

A6a- ~nd ".&.6 1:1) of :~he o~ i g fnalst1"a1n A6. These ~o ~tants wer e 1501at~d
(f r omt he same pla~ cult,urel a.s two IIOrphologfCBllY,dif fere nt clo nes.

The f1rs t one (St r a.fn A6al when cU l t! ..,~te d. 1n presence of phage, was ,

unable to repr oduce and \lias referredtG. as phage sens·1tfve . conver sely

st ra in A6b grew when Infect ed -by the same pha~and was r.eferred to as

phage re st s ~ant .

From tnese-cnservaetens, i t eas of tnt erest to look at tbeprectse

molecular structure of the out ellllOstl'i poP01YSdccharide layer, whfch .is
. . . .

usually th e .recept or si t e for , bacteriophages" C.12. 16" 201.-and IIIaY

conta fn 'the '1D11lunodet el'lll1nant sugar ' ~es i <:l lle of these th ree genetically

' rela t ed spect es • . Effort ha's' been part1cularly concantr ete d on the ccre .

'olf gOSacchar fdes' frOOl ' two of them · ( St.~~ -r n A6 . a~ Strain ~6bl . and the '

exact d1ffere nces in 'these bio eolecvl es ,

\ .:
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, EXPERIMENTAL

1. BACTERIAL CULTUR.E

Ii. hr dro phfl a straf n~ were supplted by Dr ; H. M. AtKin son, the

. Sout h Aust ra lia School of Technol ogy. ~. hrd roph,fl a 'straf." A6

(isolated fr Ol1 humen fec es-l .1s t he orfg1 nalst ra1n f rQll whi ch two

morphol ogica l ly ~1fferenf Clones were selecte~ . fro,m phte"~.u1tu re i 'one

of"t hese ( s t r a i n Ma l is se ns t t t ve . to~ phage (not . abl e to g"row when

In'fec t~d ~y _ th e phage). 'the ' ~ther ( str~ 1 n A6b l is res ista nt (abl~ to

growl when i nfe cte d by t he same Pha'ge' >~ ', JheSe s tra~n~ were added. t o the

collection of the Nort hwe st Atlanti c Fis heries. Cent re , St . John' s as SJ­

55 (o rf gi nal) . SJ-47 (phage sensfthel, and SJM48 ( phage r esi s ta nt ).

The organis. ms wer e in i t i all y plated on Trypt 1ca se Soy Agar (Bal tf llore

B1010g1cal Labora t ory ) to chedc pur it;y and col on 1~l 1I\(Jrphology . S;9Ck,_

cul -ture s were grown i n Tryptfca se Soy Brot h without dextrose, di vfde~ ' .

1'nt o 1 ml ; 11quots , made 15' wf t ll re spect to gl ~CerOl , and' fr o·zen,a nd

stored at BO'·C. , The pro to col - for medium sca le cul t ur e of the bacteria.' .
was gener ally .fdent fcal for each s t ra in. Tryp t lc ase Soy Brot h (iOO'1111) .

'lin 'fnocula t ed 'w1t h th e conte nt s of a fr o t en via l , gr own fill",24 h at

r oan t enlpera tu ,re ~1th r eci pr ocating shakfng , .and used as t he in ocul um

for 1 li t re of the same medi um. The 1 .1. cultu re grown fo r 18 h at ,2~ " C

(w,l th aera tf~n) was subsequent 'ly used as ,t he i noculum for 'a 24 ! ba tc .h

grown' fn a C?~erc1a l ferll)en;or .2.!\ 1 New Bru,nsw1ck SCfentff1c Co.l · for

26 h at 'ZS"C wft h an ai r flow of 4 I l m1n and no control of pH.
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The cul tu re was k~1 1 ed by adding formaldehyde to a flna l concent ra ti on

' of 0.31 and stirring for 18 h. The cell s were coll ect e"d by contin uous

centrifugation (Sor vall RC -2a high-s peed centrffuge l and fr-eeze- drf ed ;

cells wert not washed.

2. GENERAL METHODS ,.
~ .l Chromat ographi c Meth~ds

Analyt ical paper~ ch;'OItlaiography ,\lia S performed on Whatman ~o. 1
' . - --- , ,' .. - " . ~ . ' . - '", ", , " ,,'

paper , "and Whatman No . 3 It! was, Osedfor preparative purposes: using the

fo~'Owfng solv ent ~y s tems; (Ai Fre'shlY: prepar~d '8:'2:2 fv/ v) ' ethyl , : '

acetate/pyrl d 1 ne/ .wa t~r . (a14:1:5 lv/vI, I-buta/lol /eth'ano1/water (top

l eyer-l, and (el 10:4 :3 lv/v ) ethyl ace~ate/pyrfdfne/water. Chroma to­

grams were developed wtth all:alf ne sil ver nt tre te f1661 cr errtttne

pht hala te spray rea~ents (169) .

Hi gh voltage p"aper.electroplloresfs was conducted for 90 mln tn ~

Shandon fl at bed, high voltage etectropnorests app~ra"~us,. using a buffer

of 5:2:4,3 (v/v ) py"r1dlne /a ceti c aC,fd/water. at pH" 5 . 4 ~ 2 kv and 17.0 mIi..

The arn1nllsugars or a"mlnOS~gar 'cont~ng "d1sacCharld~S were detected by

spraying wl"th -nlnh!drin. or by usi ng the aikal l ne st tve r nitrat e

reagent . , Mob1 l1tie"s (MG1cNl fre expre~~~ rela t iv e to gll.lcosamlne. ,The

aminosugars or atsecchart des we.re eluted t rOll the paper ,el et tropherogr am

with 0. 05\ He l .

T.hln layer"chroma~ography was car ri ed out on .precoated ' cel1 ~ l ose

(100 urn) pla t es .(E. Merc~ ~ D~nnstadt) '~t~ a solvent systf!ll ( ~ J of
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"
5: 5:1: 3 h / v). ethyl aceta te/pyrid1ne /.cetic acid / water ill an atals­

phe~ sat urated wfth 40:11 :6 Iv"} ethyl acetate/py rfdine/ wate r 1110)

Gas liquid Chrtaltograptly of tile . cetyl ate d ald1tols ~nd part l.lly

H U\1h ted ald Ho l . cet at es , was perfor"lled on packed col UWIs 1183 .. .r.

"'"-· ·21l1ll Ld •• 0( 1.5' stlar 7CPon (;as ChrQII Q I1CXl-1 20 IIIl!sh) In a Perkin

Elile:r model 3920 ·9U cllromat09: aPh or a Hewlett Ptc kard Model 4~ ga~

Clll'Olllt,t~gr~.P II. f1 t~~ with:·an ht drogen name ' ~ tec ~or and a ~,el ]] 80A.

el~tronfc 1nt egrator ::, Temperature profll es varied as follows according

to the type of derhat1ve befng analysedi ' prof.l1e A for partially

IIlllthylated ald ttol ' a~etate~ , ·lsot he....al at ·l BO'·C·; ~ro~ il~ 8 for

. a1dft~ls acetates, " fs othermal at 210·C ~nd p'rcif11e C 'for derlva~t ~ed

oHgOSlC~htrl de , with a t emperat ure ~ 1"09r. start ifl\1at -1BO 'C' for 32

. _i n 'then fncreas tng to 270'C at 8-/_1n (held for: 45 IIln) . Gas cllrOlla­

_tOg.raptly tias also perfo~ona2S .II,C ,O ,T: CP-Sf1S (O.25u· m .

!h1ctn~ss l upi1 la ry C01~ (~hl"OllpaCk , 'The Metherlands l a.t 190' for

-:~lated IcetYla ted aldftoh ',11711. , ,

~_Ined ,as ch rOllato9rap~y:'lU.s s spect r Ol\@try was ~rfol'lled on a.

Hewle t t ·Packerd 'iledel 5981A GC/MS COrl~rolled by a59]4': dl ta systt.-..

with a~rane: · separa~r, . (source te4peraiure of 160' a~d . 10niz l ng

vol tage of 70 e,v. The gas chrDlllatog raph' c conditions (profiles A,-1I,

and C) describ ed abo~e ·wen! used.

Ge(penneatfo~ · chromat Qgraphy was ct rri ed out usi ng co~umn5 (1' ,5 lC

90 cm) of Sephade~ G- lS o!"G·50 usfng 47 lift pyr1dl nlum acetate buffe r ,

..•.
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pH 4.Z6 as el uant . Elution of the components was monitored with II

dfffl!Nlntfal refractive index monitor (Wat er s Assochtes Model R403).

The fractf onswel"e collectedand freezedr1ed . Opt ical rota ti ons were

measured at 23·C in witter in II 10"70'11 mlcrot ube u$1ng a P~rktn-E1IAer

model 141 polarimeter .

2.~. : NUc1~~ ~gne~f.c _R,e s on,a ~ce. .

2.2~1~ IH.n.m :~. spe-~tros'~opy

01fgOSaeCh~rfd~s eere .repeatedly treated with D; O- ·(99.'~t.) . :w1t h. .' '. . .: . .. .""
lyophllization bet eeen"p;reatment,s a~d f1~ally "dl.s solved in "Ol P (99 .!l~S. l .

The 80, llXl 'and.250 MHz spectra were recorded-at 85'C In the' pul se '

Fourier Transfonn mode on II aruker 80 MHz , Bruker tOO MJ:Iz and Cameea 250

MHz spect rometers respectiv ely. In .t be 100 MHz rod 250 ~zspectra the

HOD signal was suppressed , by selective saturat ion using an lnversf ~n

recovery pulse sequence of 11 meesureeent I T-180·- ~~9D·-FJD; til which l

180" pIll ~e ~a~ appl1edfollowed by a go" pulse aft"er a ~ t1me ,.' O.7.Tl

solventi 117,2) whfch allowed zero.lllagnetizat ion for t heso l vent,:~ak :,

Hence it becameposs1ble ta eli mfnate the lIJD solvent peak by tak1ng · .

adVan~age of the dfff~rence ~f.re1axatfon speed between',t he 'p~tons of

the studied sample and tile prot ons of the'solvent. t hemfC{l shifts 1.6,.

ppm)'are lI'Ie<l5ured ~lth respect to {nt ern'al acetone [ ~ ... 2.225 PPIIl) and

express~d re1at1~ to , sO d 1 u~ 2.2.d1methYl~2.s11ape·ntane-5-su1fonate

lOSS) 'as eltterna' standard.
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2.2 .2 . 13C_n•• •r-, Speet roscoP7

Th@sp@ctra w@r@ reeord@d at .bt@nt tMpera tur'"@ fn !K)\ DzD at

20.12 and 62.86 "liz In U!@pUlse Fouri@r Transfo ... IIOde on a BR1J:ER !K)

MHz 'sPK t "';'te r and, CAAE~ 250 M!tt · · ~;spec;thel,.. Ihe che- ieal shifts

q~~d (51 fn, pP.. are expres sed re h t h e to Inte r nal acetone (5 ~. n.O?

' pplll 'f rtn OSS) on spec tra record~ wlth cClllpl@ted ecoupl1,ng. Coupling

~ , ' eo~~~'n~s l~ 'H "a: e . ~ll P:es s ed I f:- ' 'Her~~ ' and Wl! r@~a sur;d by the 9~t~:d",: ,
decOuP; 1ng"·~.ch~ lqUe . Th1s" .'tech r:lfq~e const.sts , of p: oton. f r":a d l~'tt on ..

durtng a gh en t lme."1l.6 .s eC ~as. used) (takfng advanta geM of the .nucl e.ar

Ove~hauser effe~tl , f~ l ~ owed by swl tchin g off the lrr.~dl~t1on during ' t he . :

acquisition tl_ whtCh penifts. .observitlon of the lJ C,H coupling

consta nts . Tile se le ctive, heteronuclear, double Irradht10n spKtra

were obtl i n~ by, applt ca.t iOn of a ,cont i nuous waY!! of fhed freque ncy ..nd

with a lo'@U fi eld of - O.l.Gauss 0731.

3. PURIFICATION Of THE LIPOPOlySAttllAl lCE

The f reeze dried ce ll s were extr acted by the phenol-water

~thod Of ilestphal and'Jann CZ2) wi th two' wash eyetes of the phenol

~'a~er . · The cOlllb i ned aq~~s' layers 'oI~~ dtalYS~ ag~ lnst tap water

for 48 II and the d1a.lysate ,wa s , .eentri f~ged at 5000 xg for ~O Rlln to

. remove cellu la r and prec i pita ted debris, prio r to ultracentrifugat fon

of the cl ear super nata nt ~t 105,,000 xg for 3 h• . The resul tl ng gel

was r~is sohed f~ wate~', ' recentr'lfuged at 10S ,'~ xg '('t wi ce" and

freeze dr ie d to gfve . (usual 1y) a puriffed lipo polysaccha ri de fr~
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from rt ee nuct etc acid . In the event that ri bonucl eic ac id was stfll

pres ent , furthe r cent r ifugati on was car ri ed out untt l a hydrolysate of

the freeze-dr ied gel produced essentially no ribose.

4. ISoLATION Of T1IE CORE OliGOSACCHARIDE

The pure 1 1 P.opol ys~cch.ar l de (100 mg) was hydrolys"ed wf th dt1~te

acetic- acid (1\ ) , .for 90 minutes "at lOO' ~ The rel~a.sed·cafbOhydra'te

portf~n .rema1n ~"d l '~ ' s ~l utton I ,: wh:ll'e the pr'e~ f p1ta~~(i. 1f l:',fd .~"' w~s . ;'einove~ '.

by centrHugatfpn' (SOOO rPm; 30 mfnl. Theobtai ned supern~t.nt was

fr~eze ,dr t'ed, rl!~1s s~ l v-ed ~~ 1 ml o~ .PYri d1nfum .ac~ t~te buffer (47 lJ'Ilt.:

pH 4.26) and recentrifuged to remove remaining t races of 'Ule .'lfpi d 'A.

r je resuittng supernat ant wasf~actf.on~ted on a column Qf Sephadex G~5Q

and afforded several component s. The core oligosa ccharide was defined

as the peak lmediately preceedfng.t he salt ·peak elu ting betweenKav

values at ,O~ 6 and 0. 7 with Kav .. (Ve- Vo)!V r Vo ), where Ve i s the

. eluti on vol ume of the spect ttc materia l, Vo is the void vol ulII£! of the

system and Vt 15 the t.ota l 'Jolume of the system. In ~fs study the

fract ion assocfat~d ~ith such peak~ were pooled .and f reeze dried.

5. ~THQDS Of.QU",NTITATIYE AMAlTSIS

Protein was assayed accordtng to the LOwry method (174),

phosphorus by the method of Chen~..!l.' fIlS ), neut ral 91YC~ses b; .t he

phenol·sulfurlc acfdmethod 11761', ~ron1c adds by the ca~bazol e met hod

on) and aIIfnosugars by ttle Rondle-Morgan ~nd 'St rolli nger assays oie,
1791 {aft er hydrolysts w.ith- J.9·.M IfCl for 12·h at 1 00 ~ 1 ; They were also



quantified by am1no add analysis us1ng" a D ~rulll 0-500 ~del analyzer.

step.... t se e1ut fon ~as done with a c1tr.ate bll}fer rangfng i n Wlolarfty trOAl '

0.2 to 0.38 Mand In pH train 3. a to 4. ~5 . 3-Deoxy-g,-Nn~o-2-oc tu1osonfc

ac1d (KOO) was deteratned by the tl'l1obarbtt llrate (tao ) and ,diphenylamine

liall -as.says.

6• . HYOROL!~ [S OF TllE CORE (l.lGOsACCH~R[OE AND SUGA~ ANALYSIS .' .

F~n~~tn~ ' ·.g~;,~?5,e " ',ana~Y~.i ~ ; , th~ c,ore, 01f gO,S aCC~a~;de. :,t l ' ~) ' was ' ,'
h;~r~'l Y Se ~ ~~ t~·:,;el t~e~.:.ZM , ~~l ~ ll~ roac'et1c': ·ad d ,o~ O. SH s'u~ .fYdc ~fd , for' .

10'h: ~(100·. >f~1 10'wel by" n;utral f'za~f~'.~~~i:I ' . ~o'n~'e'~trat1 0~. :.rne

nberat~d" ;;~;n~Saec~a~1de5 were\:o~v:e~t~d" 1nto" al df't ol' ac;~~'t~5'1182) '" by
. . .. ,

reduct fon and ac~tyl ~ ~1 0n .and were identifi ed by' g. l .c ., end g.1. c .- m. 5.

us.fng tnesf t cl as an fnte rnal standard for the quantitatIve analys! s • .

For ~he"ana1ys1s of z~amlno+.deOXy-~""gluCose . -the , sample (1 mgl was

hydrolysed, for 10 h at: 100· with 4M hydroc~ lor1c '1l~1 ~ foll :OW!d 'by ·g. l :c.

analYs1s '(prof11eB ) .a s .aldito1 acetate derivative usn. 'The' am1no­

91~~~e 'fr~ the .; oligosa ccharid e 'was isolated ' ~; preparat1~e paper

chromatography (solve nt 8) 0:g~~f n!J .a _Sfn~,~? ;~ ~ n hYdrfn: p ~ s f t1ve .~ ~o:\:~J:!

RG1cW1. 00 an~ [~¥3 + 63· (c. 0;3.. fn, water) . ,· ~fter , reduct1,on : lN~Blt~ 1 '

and ace~ylat1 on 'it ,gave. on g. l .c ';"' I ~r~ f11 e' 5l a 'si ngle pea~ .~,th

TG1c '6:01. correspondf ng ' fn retent i on time W1th>'uth~ntic 1. ~ "4 .5 .6­

penta-Q.-aCe~Y1 ~2- a~etaI'll1do-i.deoxy-g-91Ut: ftO) •. it.was further ' .

characterf zedby nfnhYdri~ degradatfon JI84l ca~ried out as follo ws :'

t lle. "lsolated , ~mtnG9lY.co se , hyd;ochlorfd~ was'OX1d·fZed·by ' a ~· ,~'que~u~ ..

n 1 nhy~r~~ solutJon>for 3D II f ~ at lOO·C o\nd 'gave a ~ter paper
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chromatO.9raphy (solvent C) a PO.~Hf. ve' TJ:'~velyan spot ~ra 1,00. The

OXf~1zed 'product , .a tter re,ductfon ( N aBH~ l and acetyl at ton af f.or ded

Arab1nftol pent eecetate which, 'on g . l ~c. (profl1e Bl. corresponded in

r ete nt ion ti~ . (TG~c ·O.3~) to en-'aut hent ic der1Yatf ~e • . The ne'ut i-al ,..-

sugars ob_ta~~e~" after actdfc hyd~,-ys.fS( TF.A . 2M; .Bh,. 10~ ~ 1 'were' I JSO

1solat~.: '~nd ' .C:h-~~:a:c t~r1 ~~d ,by}~~p~r, ' ~_h ro~ato,g raPh! ' , :( $Ol vent"A.). } lnd _t he t r

:~:~'B[~i~~4~r;t~f:~~ .
wen! establ is hed.by,exper fllental -compa,riso n"of ,·t hei r- g .~ ~C • ..retentton .

t-1-~e a~~' _:~~'ss ' spe~ t~u~ ' ·~~~- · ·.ih·~'t ·"o~ ··~u t.h ~~~ 1 C: s aDl~les._ · k~~~y·~~~g~~.

lIan ri~tlep-t o s'e ' w a s ' i solated (fr~ ' $..i -48,core oltgosl"ccharfdelbY paper': .

~hrO!ll~to~rap~, (solvent B~ - i t ' h·a d , (~ ]5·3 · + .]3 . ~ ~ ic. '"O.,5, . ln -water )

u ssi.
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11 . NITROUS ACID DEAMIN"n ON OF THE CORE OLIGOSACCHARIDE

"

~ . . - ,.,::,-:,-,:": ' - . -' " . " ,:., " .~ ' . :; " , -; , .

llle ' core -01 ' gQ ~acc ll arf de {3D f!lgl liIClS hydrolysed liIitl1 "2M

10. SM iTH DEGRADATION OF:THECORE OLIGOSACCHARIDE.
The po.ly o' was purified by 'col umn chromatography on Sephadex .G-15 and

~'!.a'ysed fO~. the COillponent sugars.

The po\yo1 (20 mgl.• obt a t ned from the perl~,~ate,oxld~t1on.Of the

core Olf90U CCh;rfde • .wa ~ hydrolysed-..w lth ~l~ acetic ' ad~ Jor 3, II at ,

.: 100· C (l081 . , After 'eYapo·~at~~~. of the 9~.fd .. th~ res fdu'e;was 'boroh; drfde

red~ced ";nd' purlf.1!d by column chromabi9raph~' ~n Sephadex G- 15~ " The

':" ~,U T'e ~m f t1i, ~e:gra~e~ pr Oduct was .me,t hylat.ed foH owe:d 'bY, hY,:I rOl)'S(S ;

' reduct ion, acetyla tfo,n and g.1 .c . -m. s. eeetys ts .

• The core olfgo saccharlde 110 mg) ,ln wate,r ,(l mll. ,wills treated w'lth

30'J, ecettc .ect e u ml1 ~nd fresh 5'1,sodi UfR n1t~lte sol ution d 11I1)
' ,,' :-, '. ' , ' 11

(187\ it .w~ s kept ~t rOed tem~erature for.-.sp mIn, pr ior to ,pas~ lIo ge

. _.... t'hrou'gh a coluen of Rexyn, 101 (H+). Tlle ~eam 1 n ated ol fgosacchari de

liI4S reduced."liIf th, sodf~ ~ Cl rohydr.f de . n~lI tral1 zed liIt,t h ~ce,ttc acid and

th'en llti rffje~ by chrom~t..0 g raphy on .~p lI~dex · G- l~ . _. '\II,~ pur,Hied

deamina~ed .ol1gos~ccharfde wa~lIletll.Yl~~M. hydrolysed 'and analysed by

•g . l..c . ~~:s . '1105.partially m;;thy~~tedal.:d1 .t01- .acetates .

12. ' ,~ROLY.S I~ : OF : -THl1;tO~E. ,,~IGQ~~.~A.RIDE\;I~ ' :2M ,KYD~O~~~'Ric ACID _., .
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ace tate buf fet (pH 5. 3). It adorded a fract1o~ tha t had Mg1cN .. 0. 6, .

which was r-ecover-ed ( by el ut io n wi th 0.0 5t Hell ( r OO'l t he electropher o­

gram. The disacc haride was subjec ted to acetylation , foll owed by

met~Yl .at1 0n.: , hYdrO' Y S ~ SI r eeuct rcn, ac~ty' atf Oh _ a ~~, 9 .1 .~ .-~.s.
analys h :The.iSolated disacthar'.~e was a.l ~ subiec t.~ d toan'f t r ou's

aci d deamf"nf t fo"n. : ·followed bJ b~rohydr~de ' ';dtJctloni acety.latf.on and

· ·9 . 1 . c . -m . ~ : anal.ysis .-.· ". .

13• . OXIDATION WIlli CHROMIm4 TRIOXIDE: <; ,

The coreol1 ~~sac;cha r 1 de wt rDgJ wa,. dis solved in d1~ethy l .
~ .

fonnamfde U~l l and acet ic anhydri de (l mll and pyridi ne (l mll were

added (139) . Th'e solu ti on was stf';.?ed for 16 ti .at room t emperat un! and

extract~d wit h chl oro.fonn; The residue 'filS reacetylated 1n a etxture ~f

11:11 acetic . ~n hYdd de/pY r" 1 g 1 ne (th , IOO· }) to afford a peracetyla te d

product • . The, re's1due was di'sso1ved i n ,chl0rofoTII , ~inos1 tol '

Ilexa~t'~'ta~~ 12 rag} ~as added~ as int~r~al s~a_nda rd . and t he sol ut~on was

divi ded. i nt o tWo. - .pa~ts :and ~~,a por"ated. ' A , ~jot ~~sd1s~ohed i n-gla"c1iJl

acetic aci d'U ran and powdeted .chromi um t r10xide 140 mglwas. added; the

mfxtur; was then agi tated ul tr asonical1y for 3 h-l1t- 53·C ~ poured i nt o

wat e'r. ext ra cted"wi th chloro fonn ,110 1Il1r . the:,extr act washed twice wit h. "
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REsULts AND DISCUSSION



_._-~ '- ' ::""--

"
Tabl e I : Anal yt ical assa,yson SJ- 4,8 lps , .ccre and li pi d A

Hexosl1I1nec ' Prot e1nd -,
. A· ~~ . C .'.

nd: ' nd " 10.1 ,

0 .35 ' 1;2 12.8 6 .2' " '

~ , ~l:: ; ' ;: .:::". -'. '6:34'

.Irhfobar.b! ~'~ r~c a6 f d ",and'd1phe.ny,'~mt Ii,e'·;S$ay~ , { '~~ 1 1 ~ ' , b~h~n :.ri '.!!.
a; say (175') • . CRO~dl e 'MOrgan fA} (Uaii St~~l'nger assay (a) Ci791

a~d APlfno ACJ dA~a lyser"(C)'•. dLowry ,as~a/ (174)-. nd: npt

determin ed.

."

. ~
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of its g. l . c . re te'n tlon U te and IIlISS $PKtrua wi t ll that of an authe ntic

~.mp l e . together wi ttl 1ts opt i cal rota t i on !l 85) • . An.lytlca' studles on. ,
the core o1tgosacch.rfc1e ,tndfc l te d that 1t did not conta in fatty acfd ,

2- .lIlno ethimol . pr otein . or J-d eol y-D-lIIInno-Z-oc t uloson fc lefd -(dOC.1A)

as tndf c. ;e.d. f~ Table 1 • .A~thou9h ;a~nts Of. · phoSPhOru~ ~~e '
pre sent , th ey we"; not pre sent '1n Quant 1t trs whfch would suggest even a
. ~ "' ". " : . ' .

. 'cl ose stoichi ome,t r t c re lat1 onship •
. ",. . . . .

1. 2.- : Nucl ear Magnet ic' Resoni!lnce

~..

t ··:

1 .2:1. · i~; .u . , ~ : . . .

e " The ·l K- n'.II. r . S~~f- t he core oltgOsac"harf. showed, fn t er

!!.!!. the . s l g~.Ts _ l n P::~rtc . region tndtc'". Uftg : ~n "o-c.onf1gurat ton

(J1 .-i -"'2-3 Hzl at 5.68 ( lH) , e.S3 (lin. 5.43 (lK) ; nd 5.34 (ZHI Pl* . "·

and one s1gn,l ', t 4.61 (l H) ~ .(J1 Z - BHZ ) - 1.~d 1cat1 ng i II conff gur i ­

Hon U88) • . i~~re were no~gnal s ~or pY:UV;~-.~I~~·tat~ or lIethyl
'. . , ' , . .

proto ns of lIl!oxy sug.';'s -·( ff' ~· 1) . . These i-e~u1ts s.ugges"t@d i core ol1g~ .

saCCh~~ de . • ade~. ·glic~~. un1ti<~~.Ul~~~.;.tch. ~~1 ~ ' 1 nd ~ ,~.a;~ "
t hat one ~s1due ' was!K't iC'C'ount ed fo!' b~ .\~e . ~hellt c ll l analysfs .

_L...!

, .
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By"anaTogy w1 th oligosaccllar fde IOOdels and by selective, beee rc­

nucl ear doubl e 1r'radiatt on t ile s1gnal at 103.10 ppm was ass1gned to th e

, g~giuco sy~ ~n1t ; t t s IJ C,H va1~e (~ '1611 Hz)' obtai ned by th e gat ed

decoupl1 ng te ch nl'Aue sUggeste d that it had a ~ con f lgura tfGn. Due. to

' . ' tIle,.Tac,kof, r~ported. ~h~~cal shi f t s fGr ~-glyc~r~~-~hep~o,s e" no

att~lIlpt .has . ~vn' ~de ~ tG, 4'~Slgn : ~he an~rtc. signals be~ween 1 02 . 5, and '

.106;5 ppm: ~ilt thei r I JC ~ : C~upH ng values 11e between 170.0 an~ 'ljoA
Hi: . ·s"u gge s~ing ~ , an~.~r1~ :~ o.nfl~~~at,~.'o'~S- "(1231. ' . . ' . ;I '

The ch~1caT , Sh f fts, .~ iil .6{\ · and· ,61 .~5.. ppiI' :cor re·spond to the non­

Hnked C~6 at OOl .of th e 'primary, hydroxymet~y1 " group "of, ~- 91Ilcose and 2­

allllno-2 - deCl.lc'y-g -ghic o se . The cbee tcet "shift ':' , t '54 ~ 9~ ' cor responds ' to the

C~2 ("arbon o~ t he :2- ~m 1 no -2. d.e~:ty~g-gT UCOse (F!g.·.2) ,'

The IJ C_n.lI. r. sp~trti1n further c_onf~J'llIs the I H-n~m ; r . postu l ate '. '

th~t the core o,l1gosaccharide contains 6 g1~cose , units .

1:3. Methyla.tf,ol1Anal ysh .

>1
I

I -

I

L>'

· ~ethYl j\tf on' of 't~~' core OlI90~~~chart de by the ~~k~rf ;ethDd
_"(87l . foll owed.: ~,':~dn;',~~'~, itlih 2M-tr~rl.~~~c aie~,1 ~ ,~.ad·d; ;:~d~cifo~ . ,"

n d der~YAt_1 z.~7~.~: ,as ,a 1 d l ~_ol::' a c eta tes; ,a ffOrd~d 2. 3 .4.6 ;-t~tra-o.· ·

meUt~ l ,91u~~s~, ;~;3, 4 . 6. r~~·nt:.Q~~tl1yl h~P'~'OS ~ ,'..'3 ,'4,6";7./~.tr~-.Q.~-:- .

.' - ~ethy-{h.~~to se ~ " ~ ~;i' 2 .1-~~:~~-~th;l hePtGse 1 ~ · ~Pll r;~ I~~~e;Y.· eq ~ 1~O l a ,i! -,' . .

".: ~r~~~rt1'~IIS ,:( see r ab1e :~ ~.J t " A,)1d.e~t~' fl e d _ ·.bY 9.l:~:~;:. ~"S- ~ ::'I81.,S3";· I7l) ~
" ~he pr~~.ence' .~~t2~7;'~I-~~me·~h1H\l!~to!;~- ls _: at t r1btitable '~ a

c '.: dOuble"branCh' :po:tn.t : · ~'~~ .·that ,:o f 2'i4':.~ :t~~~~-O-~thy,),ucos·e , ' ~ nd- .

",:,. . ..:~ . : ~\:; j.•.~, ~6';·?'~:~e~~a~9.~~;~~~·h~~~~:{;'; :,~ :~ '~~':'n~~re,d~~f~g,!, ti~.1 ~~1:, · 'g~.~~F~\ .

"i'" ..•.\.",:...•• , '•..••...;:..' ... ,.i ' " ' ...,..••.•...
' . ' '," .. '

'[:!~': ,..'I, " '.
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The ) . 4. 6 .7- tetra-~-e th11 1lf! ~tose 15 uslgned to a res idue lin ked

t hrour 0-2. It shoill d be noted that t/lf r-el . tl ons hl,p of bn!lCh points

being equal to .end gr'Oups·.et nus one doesnot -hol d in tile above Iletll1t­

atlOll ana lysis, in dica ti ng t hat one e nd group is una ccollnted for .

I t t's (l e~ r. f~ ~ s,t o1cllfOllletrlc COlllposl t t ~n of t he hydr olys.ls .

"prGdu~ ts" of the IIIftlly l a.ted core o1tgo~lc~h~r·id.; tha t , ~ n fact. two

"glyeose resldues ' ( D~.~ · Orwh1 ch ~st ~ 1 ·~:llIIfno.2;' d~V:=-g- 9 1-UC05e

. 'u "ftl a ~e ' unlccounted ' f~~ , one- 0:;' th im ·pre$~..ablY ti ej ~g ' t he .is-si ng.acn- :

' . ;ed~ ln 9 teJ,na1 'g~O~p ~ ' T~ ~ s ~~ se~v~ ap~ars tc \~g~'~,st 't;':~t these

t wo res i dues we~~ glyco sldlca ")' li nked b( a .llnl:age resf s tant t~ the '

hydrolys is condition.s .used. , When gas - llqt,l1d chnlllla t llgraphy ~f ~e

partially ~thyhted a ld ltol acetates ~s conducted lI~_de l"'_ prograll'JJled

_.t e-pe·rature condft1o~s (profile CJ. I $1~ 1IQ.t ng CMjlon~nt ! ..as

~$erved ~ose tdenti t y 'Il S es tabi i 'shed by man spec·tT'Olle t ry IS 1.S-dt ­

·O-:, Ketyl .:.6-n- : 0 1"', i:.5- d t -~·,c~tYl :7~O~(2-deOllY73 .~ . 6- tTl-0-DtthYl ':' 2~ (Il - · ·
~Ulyl a~~~1 cSo) -~91 UCo;r~nos;1 ] _~tT~_o-fttllyl _~~-91 ~~:l"'O-G-"·nn·;"'_ ... .. " ' . = . - . ~ =,. '. ' =-

.. t'leptitol 1. The ' stnl ctUl"t of 1:.·.n conf i nned b)' - f n terp'~et~t1on of tile

' .' fra~ntf:· pa tte~ which ga~~-~1~r; i'fns·,t -f z· i'&o ' l f o'r the

::;:::~~ ~:':'~::~~~~::-~:':io::::,:;:~:;:l:t(~;:: 1160-

. :m ,,_205. 196, ( 2:2B -~ ) ~ ,~_6i ': ·, I 54, ( i9~-32 i~ .142 . ~29. '11.7,' >~1 ; - 8a e .81.

· ~5 and' 4j ' { ~~ e , ~ ;~.~ ~ ·) : · : ' Th~ · pi-e ~ ence 'o" the ions at · .;j z '~5; 161 a·~d .. ' ; ,. . .... . . , .- . " " ', ;" " ,, -
.1.~ 1;, ~ ~.~tc:,a.~~ :, ~~a~ .u:e 11 ~k~9.e. ' .0~.t~i ·, ~~,~.~~S Ug~ ~ :-~~ . _~ }l~p.tose ·m~:~f ~~.

' ·;.-t hrou.gh poslti on 6- or 1- of the hepto se re$1.due iSS indi c ated i n the
;.:.. . .' .. .., •• • J

.:C.) ,' , ., .'"
. > -: ,-- ~ ,. ·\~':l·.'~ ~ · , ;

.",>~r :· : ·



I
I

.: ,..

" ..-;.

16

.;



77

· ··t

.­
toll owlng structu-re 1:

.I n:.or-~,~r to. est;b~:~','~~'. tMe se.qu'ence ~ nd ~:f1~~~~k COnfi!lU~~~'tGll ' o~ , '

~,~e. " .~lYCO's t d1~ :~'{nk~:s,:ot.' ";the,:,~~gar,::p1 ,t ~ . of,·,tfe,,core . 011.90Sf,~'.c~a~f ~e . '.

. ',ind t~ c.~ r l"obP;a~ ·. t~~ ;· '~~.1: ~tellCe ' Of t~~ 'i~ a~I ~O-2~~e:oXy-g-g'1tjc~~Y l :--- .' ) . .

""~i~~." ·:su~S~q~~.~~~:.~'~ " ~;s · .d~ ~e"c'te'd· t;~~.~~_s _.~~~ ~,c~~'r.~~ ~e:~f~t !'O·~ ~r;, ~'~ ~ - :,,~ ".: .'
ol1gosaccharfdes obtained after 's pecfftc 'degradal lonss ucM as nitrous



.. ,,, ~ ._-- - _.-
: .

- -;.:

.:.,'7.

";- ' .

l"'e 5fd~e ~. of the core 01 1~sa!=cba~I ~~ ~ .~1 ~O conf fn the pr!~ f OU5

n.•:I". ' dati _(t., : • t otal ' of 6 ~ Ll 9ars ':S!dutS)•... ·
'~ - .. , .. -- . " .," ,'.-~~. ~ ' ~-n:•.~ . ,,: ( Ff' . 4) of the. ~~f~a,kd 'core. 01f 90wc~har~d~ ::-_:-,

Sh:owed:, t nte;" - al~la , - ,~OLlr In,~rfc S f. ~~ ~lS . ,at , :i03.4·, l 02~'8:100~~ Ipd: ~ .

.····· · ii~~I~~~~~~~li~;·;;
. 9~UP ).. 11101 ·~ . 95 p~ '(C-Z.bear.lng /l.n ertnc group) .'liot'Ifch· IM,t ha~~. :,:

:;'"::,.:' ~~~·~~:gi:f~;*~~2~;;j;; ;

















evident 'that th'~' doubl e 's 1 ~na( at .iO~ . 45 has be~~ ' ;'i!d~ced '~ a"51~gle
~fgna l / ', tilU'~ - ~~~~'f rm 1 Ilg ~e l oss of: "a " ~:gar: . re 5 ~ due. Th'1~ ~ke'~" 1" t -:

PO~~1ble - to~'a~ ~ 1 gll .~h f ~· , ~ 1 9n~~ t:o . t he' a ~6,;ne ;lc ca.rb~n 0; .,the ; -91ycero- - '

g~ir.4nn~hePt~ ~e .end' , : 'group; .::It .Is ' ~l ~'() ·f ~ tere's tf ng , tn ~ote. iI)e pr esence

of ttl~ :: '$ i9~a i 5 'at 54. 95' pJXia and 62.0 pm" com~p~ndi ~~ to't-a and 'C-6

t:~,rb~~~" ~f -ih~: ,g-!I1 UCOS~~f ~e , ,~'~,f d~e . ~f c:h j~" '~~l ou~ l ;-' su,11 ' pre~~nt~

' ''\\:~'~ ~'i~ ,~ '~~i~ ~ nat1 '~n ,~_~ th~. p~;~~al 1Y ' ~d~O:l:;~~d ~~;e

, .. ': , "",-': "?· , :< NH rOU'S'-.&cfd· ,de ~/:I l n a t 1 on ,: Of th 'e' ~i ~ii ~1 1y': , ' ~Yd~O lYS:ed :kl' :! ?O$ ~C,::,: :;':: '.

:- · ·.~~ ha~,1 ·d~,. fQ l 1, ~~d bY , b_~rOh~drl ~~ re~~ctf o,n M.d : ~il~ ~ ,r : a,na,'Ys,;,S y,~e l :d~d
g-gl ucc se, .1:-91y~ero-g.manno-heptose , &00..' 2 . 5-anhYdrc~£-m,annose __ (1 :3:0',6) -.'

(T~bl ell; if•.p. 70) . : Thi s resul t 1 ~df ~a te 's' tha t ' d:~tJ:'u ctf (} ~ .' of , th~ 2~'

·a~fJ1~~~2-d~o~~g~gl u~oSe · ~ ~s · o~c,~~re~ : ;

.: ~" ': :': : PU~l ~~: catl ,o:n' , 0t- the' .!lbO,ve de~mina'tt~n_ re.~e~·j 'Gn m1, xt~.·~~,
· to ~ral? hy 011, Sephadex G~1 5 afford,ed'a deam1nated product : : : . Met hYl a~fon·

'a n ';' l ys 1 ~' of 'th'hd~aIIl{n'ated prodllc::t g~ve: i,3 ';4:6~tetr~~~~~ihYl -,

g,:uc~'~~, : 2,3 ':~ ,5 ,7~ perita~~~in~~hYl'h~P'tose ~ '3 , 4 . 6 '-7 ~ ~~~:a-2.~ iCe't~Yl heptos,e

and 2 ~6 , 7,~t~·1·':.Q.~met~Y l ~e'Ptoseln , the lIKll a r rati o 'o'f.;':': 1: 1:1 :-1 .(Tab,ie '

II ~j D. p, 74). By cceea- tscn of th fs met~y1at 1on anaV sls wfth t~a t of

-the par~ la~ lY ' I1y dr~l Y"sed oi"f gO$a~Ch ar'f de .' (T~ble . rIf ; C. ' p.' .74) it "is'

/l ~~r./~~i~ . t:he ,7&~ sub s t ! tU:t~ ,k,p~ Yce ~~g-~nn,~~hef~.o~,~l ., ~~ ~~ d iJ.~ :,' ~

:: : , a~ f "" fr.~ :th e _ a~dy '!,,!n t l,O~d.:r:k~: l.~.1 J£~,He:p ~,l ,~gO,SaC,c~a:d~e . ~as .

·.become, a te[!ll,1.n ~1 . nonr~d~c.1 ~~ res1due., ·H~~ce the part f,~1" ~tru~tUre '~s



., ~

.' ,'::.
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. ,,:~, ~ 1.8. 1. ChroJllfum 'Trlox i de OX 1 'da t~'o n 'Of t~~ ,or1 !1 1nal
, , . . .• . . •..... • \\ : , ." ) ,

T~e .;nOlller.~c .~nf;I !I ~ ;'a·t t_onS O.f •.th.e~·~r.,10u·S - 9_1YCO S~. 9roU:P.S. ~f ~~ ..

. c~·r~O'1_~~S aC Cha r l de· .:~r_e , .aFo ..~s~~rta_1n~d': " The :o,;e,01_i 9~~~_~lha~t~~ , ', .

:"'. ~as perlltet~la ted ~ ~ nd the P~OdjC·t· .SUbje~t~d · to ~t1~n " w1th iehrOlli~1I
. :~r '~j.i O~ f~e f1 j ~ . i 391-;' -- S~g'~,~ '~~a lys'I ,~ of'~e ' resul t~ ng oX1~ 1 z~d ~o~eo
."j- : ," -..'-" ' .- ,':., ., r:.... : , -< ., ':.'";,",' ' ,' _,' : " ",1
~ ~Ta~le U i/, ~.m de~r:~~~ that~urf.ng t~e OXfdatf~,n.' r the DR '

...·.).·~l.~i.r:.O.:S.' ,.e,., ·w....• ' .th.:..e. .·O.~.\y .~;,". !.~.;.._d..'''.'..O~';-."''';; ''.'.;'.''.d':}-, ~..~ =., '- '. ~' ;:, ::I-';:: '.:Me~~)'1.a t1on anal:Y~I~. ,Of . th~OX1.dhedc.~re 01i:osa.cc~ai,~ , : "';:"'
; ,· , 1 , ( : ~bl ~ "" E:, P ~ ,, ~4 1 . ~~~..,2 ~ 3.. ~ ,.6 ~?-p.e~ta.~-": t~~,l h epto ~f " ~,4..6:7~

, t etr a.Q...methyl ~~ ptose., 3,,4;6.7--te,tra-Q.-methy l ~epto,se , ,2 ,3,~ . ~~ti! tr~-~~ -:

m,ethY l:~epto$e '~~d 2,4'. 7';;~rf~Q.-methYl hePtose in ,the mol ar',ra tio ?t ~ :' .'
~: 'O.4 : 'l: 0~3:;O. 5. ' t09~.the~ ~lth tlie ,"~ethi1a:~'d ' ace t! l ~i,ed : d~ ~ ~CCh ~rf de'

. . ~,~dl~~. ,1...'E,ven :~~Jg ~ , .th~·..f,n~e~p~,e,~:l,on _ ,~ ~ _':e, , ,~hr~!I.-t ~m : .tr)..ox f ,d~':;·
,, ~,X l ~ a t,f on seens " ~U1,t~ , c~lDpl i c ,a ted ft can,nev~rthel~SS be ra t ionallY,,'

.; ~;f~if,n,ed>, ~h~~ ;,7~~;~;-~~~l he~to~~, ::f;und . ~ ,~ t~e, .meth;,l eted , O r1 g f·~a.l
mat~rl a l ' , ~$: ,b~en 'rep ~, a c~~ by , ~ l th er , 2.4,,7-tr~~,O~met~l,he;~ose.'(45').'
f nd~C~ti ~g that , th~ ' ~ - 9 1'lJCO SYl . res l~u·e- was '11nk: d: t hroUgh','O-4 of t his '

; . , ,' : ,' " ,', " . ' ". '"
br-enched. tMiP tose.',untt, or ' by 2.4 ,6.7..tetl'a~.Q.":methYlhept'o se {4U j,;ar i sing.

f'~~,the ' p'~ r~l'l~l ( bu~ u~~~~~~~·~~d)'\ ?~~ " Qf .- ~het'~~1'~~~ : , ~o~re~u,~ tn'g'

. hep t:~sYl <res,idue " lln~ed : through:'~6 of the bran~hed heptCls'~uirlt : ,

,Part'tal ~(i dhy,d~oi~~1~ 'ha~ ,, '~ l rea~ c'o~~~~ the', , ~ab1Ht~ ' CI , ".thi's·
,; " ',','" ' , ', .':: , , ' ,, :' ', " , , ', , :{ .-' .' " , ' ,,-

. " :. t~~l na.l ' ,residue . , and",i,t woul d be r:e,asonabl e , to , postula~e s 111~hr .
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1 .10~ ' Co~l us f on

. r~':~ Combl,lIf~:.~1C~~- .: ~pec~s~~;;C eVfden~e. ~ '~o" " '­
. ·Oll ~OSaCc~.;1 de o~ AebonlS"hrd~P~1h str~f n SJ·4 8 15~de' up" O~ · ~h.~

. . .glycose ~fts an~ .NS" t:.ht fo l lowing st~ture :
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,oligosacchar ide fn .cUon. The e~re ol1gosac7haride tIId [0:10 "+ 77:5-

te 2:5 8'. fn wat er) . The fr~et1 on P'11t was" essentf.l1,. · free of ""

' c:rtl ohidr~ te' "~nd " conS 1"S~d': O f vari~~ " .f ;' ~r "'~~ents' ;55OCta;;; ~U:' " .

~ " " .









" • • :~;_. ' j . '

....; .

i ~.': -: .':.....;',.:

";' . "":,

· " : .~ }OO ~<~. :,:>
<.·, cO:re~~on·d.,·to · ~;.~rt- l 1 " t e·d , C~ c~rbons (,bi~ r}_ng . ~· :pr·t."rY: .f ree .
. :.. l!YdMlXyl g'roU1l) ;Of. twO bexcse-residues'(D.gal t(to~~·· .rid -D;.gl uc::os/II{ne)":: ;~~

'..".~;,::'{.:::~~~~:f.~:~:t:~:;::~~:I;:i1::;~:~o~::~:~":r,··"'<',.,,! '\,;;.
~/ \<':": . :.'~:;~:;":-:'.;.::,~u:~.~~~t~~ :~_~t.~ ~~~_:'S-t~b l t s'hei'~~~~' :~~~~~t~.~:~7~\~~:.~~e· - · '~~·~1·i ;· ::-~.~~~, ::';::'.. ':":,:,';,

'7:.'::" , ;~.; '" ."1':4.j. · : ~~~~ ~ ~ ~ '·0n ",::, ";:::/",,:: ~..',(I~ . , t-. ::. ~: : . ". -: .:>;,'/ "" : .'<~. ;·:" ; .~:;:'. :;i
~:'i;'::/:· <; "~ I ': · ; -i, ' . ~: -:: ' " '- :: ';~: , ~ ,: .. ' ; ' : ';.~ ::.:\:~" ~. '.;: :;</- ; : :. ".? ' ?'..~~:<:~:'.\ : ::' . ~'..:\ ... ",::;.:;..:" ,.. ,>,... .
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2.7 . 2. Nitrous De'lIfn. ti on 0:.the Part Jall y Hyd rolys ed

~1 1 gos lcc tl ari~e

' " :T~e ' de~raqed 01t!losacc'harfde ~a~ treated with nitrou s 'ac 1 d ~
followed by, r.edut.tlon.Of ' the produ~t: by borohydrjde. ,.The '.2,S anhYdro';'D ~

. ,.' .....
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~ 4/3 .!:Q..Hep~Cl •-,,,

:.. . .. t

..' 1 .

g,-~.lC.P;l:~( l .~ 7 }~.!£-Hep.2

rt! s ~ ~lJes tn t~ . 1'1,..,r~ t l.os. ~of ..'1:r; 2 :i·_1 5-~ · _.Tabl e V;"':0;"p :-?~ ) •
.: Me..tJiylatton · ·JJl~ly-Sh- of : t hls 'Ol1 go'mCh ~l'f de gave 2 . 3- ~4.6 . 1-penta- '·;

. I
w
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:. ~ t , ·::· , · ~. , :·: ~3"~_: '., p~II -.~:~hl::~~,;;rol YS f ~};~ , 9Ci "~n :,~(lOO··. ';1~' o: ,5 ~ sul i~~j~ ~ t d -..:
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. ",' ",,". 'Par t ia1"hYdrol 1 Sf s·: , o f ~' the·. ~ 'o re. 01 1 9~sacch~r 1 'd~ , with-O;5M ,:sulful'fc

'x i .•. '.; '•.;\\. :'.~:;;~:' :~!:;;:;:~::;:::1:7i;!r~j:~c~t~:,::<;:::'~:;l~:;~fD "
, _I, ", ·~·anno-he Pto Se . 1=- 9Jl.C e "~7g:.anno-lie p~~se. aii_d.~:- amfnO:'2 : d_e~:x~-g-gl ~cos~· · ..
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The "presence of 2.4 di- O-methylrhamnosefs attributab le to a rhamnose .
.. .. - . ' ,: ' ,._,_:.-. -;.~

restcue SUb'St1 tU.t~~ a.t,.-f.- J and .~.h:at_ o~ ~ .,4, ~~-.~: i-.Q.~me.t.~YF:mann~se t~ ~

91 uc~se rest due}~~S.t 1~l-l1;ed . ~.t: £-_3 ; . f !nally, th~ 4 , 6 - df~.Q.-':'Iet hyl-2- ( N ­

. Ilethy ' ac,e:tllm,f ~o ) ~?'; d eoxy-g-~.~os~' .l.s , attrtbU~!lbl~

restdue ~~bsti i~ted ' at ..£-3 ~:'

.-' :'.:", .. ' .r.
' 1 n d 1~ate ' tli ~t' : ih~ ' :·added : sJga~ ·u~1ts,"ta:re :, ,. t nearly : ~ ttach~d ' to,t~'"core ..-. .: . ..~~;

'; - ~ n~~ tO ' each':oth'er', :,:J hese resul't s ':al so' dellli'ns't r ate "that ,'the:',reduch9:,:.
" ': :~'9'a~ , '-c~P.'O~~V~f:\~e· : o'~ 's ~ec ~ 'ff~ ~ha"~ ri; :1 ~' '~~~/-to'·' · t 'he · O~'~a'l'a~to~Y l .

~~'~ 'd ue' : ~(~~~'~~·r.~,: " i" ,~g~sa~c'~ar'~ d:,:_ ,~~ , th~' ; ~~, . ~..fi~r~~h1- ' ,~ :. ,s ~,~a 1~~ , · :si>: "
55', 1:e.-, ·· th~ " g a1a~io~: r~s,i due : i'~ : the' .one re ~ponsl b l,e ' fo~ : t~ l1 nk. ag~· .
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. , , : . ; , .
.. ..Ihe . ol1 g~.saccha r i de whi ch they consti tute".is ,HI1~ed · to the core through
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~'fa "~ta~ts ' ~nd , t~arisdilct~~·t~·.' · Th~se: fsol"ted'R~form .l1 popolysaccha-

..·~ ~ d~S·. '.c ~~ta.;~. ~.~·p~~ptos~· ·,l :',nked U/.d?cj ,;~.l·;~·fd : ·~ : : 's~'p~.~·r·~ t:n:g; ·p'~· ' : , . " ,:

~C~. ~ ,1~Stnth~tl .C· . ~~~Way,· p~op:o~~d b~ ,E.tde~ ·s.: .~~ a:~ •.' (~200) · a~~··~ f. ~,SbU ~9: ~~ -a1~ ' >:

; ::~:~~:::~:~::::::::::i:::.::~::::::~~ti£~::' ~·:~}::~E;f~L

.' .'i '





only 35t;'of the , c·o re . ~l , goSaOChar f .de s ' ;h~.ve had a l L.o~ the gal'actos; l 'en'd,

group'~ tra ,n.5fe'rred 'io the '·mol,eclJl e-,': :.hi ~ .: reco:n ~ ,1 nOOd ' ,~e ll nkaS.e·

pos1tfO.ry' . .of: th~ , ~al "a~~"s'e ~ e rid ,g ~OUPs. o~ the 'branch:ed ll ii-:hePtos~ {'I·.e. :' D-,

' Gi l 1'+ '4 ·o·D-H·epl . ~t fs d.ffffCl.l lt ·tO ~a;~onalfZ~ th:=mfC~het~ro- . \ =
· -. .= ,:,": , ':': ., ",-" : : '.,<'> .:-".' ", - - -- '. " '
· ~ene1ty 'i n the, core',st l"llctur e of' t~~5 ,.muta,n_t ~ however, .e decrease -tn the

-' . ~ount OJ' the .dfp~ospho~~~l ~ofl de : gal~ctOs~l -t·ransfer.ise -tcr , 1 nth~t , of

. ' tlDP- !l a~'~dOse l w'~~ l- i:I: :1 ead tQ, l ~ c omPl ete SUb'~tf tut 1on ,of:the co~· bi
" / '. ' ... . .- ' .

'gal ecte se end groups • . Thi s ' series of ell:per-'fments invol ved bactet:la,

may. ~;: ' a 'C o nt~1bu t i .n !l fa~tol' ~ ·t he, m1crohei.e,rO!le~e1t~ •.·, . " :..

...• . .~:he, .~co,;~ , 'o~ :~g~~·~,cch~r1de :1 ~,~lated /~.~.·0e , phag~ : res'1 5~a'~~ ~~r1: I;n t
; ,..· ·~~4~)· c~nta1 ns ->no gal~ctose ; ct' g.,91y~:.o-~-Ill~~no-he~tos~ and'has' th~
.. 'st nlct ure , 's h ow~ , ~~ 'F19; '12£.-.AS' ,it ccr-respcnds a1so ~ : the' i ~~er ~ore

-6~ 'sJ -S'5 ~'~d SJ~47 : ' 1t --1s : r~'~ s'ona~l ~ te;-_a;;~me - t hat such a:~~~n~'

· -.represents ,an e~'~l ~ ~r, stage ,in ' t~e ' h l ~~yp'the '~'1 S of the~o're': ' -T~ ' fa~'t:"
v" . '",''' ,-":. ' " , '.' ~ -". - ,: . " '. , ' . " '\ .. ,- ". '.
t~at i t : is ,phage resistant, may:.fnd1cate..a l oss of the phage receptors .:. - , .' . - , " - , - , '. .
i n this case probably the ~-heptose end group; l ess li kely .1s the "

'gal acto'~ e 'end" group: since t he, M -47 muta~t. ' which. h~s ')o~t :.niost of' the

·'·g~i a~~ose . f. ~ ' phage " se~~ i :t i~~ ~

".','. ',;'; ~I ,s o~ a~,1 0 ~ . ot: :~h.e, s~-,~~nn ';from.,1 P S. ' O,~, .st ra1n ~'~,55 ' il l l~d ,the: ..... '. :,' ."

" 'd~~e~,; navo~ ~fthe l'~ nkage ~ost1on of· the O-sp~cffciC :POlysacchar i ie; ~~ : ...
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