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Escherdzra co/r C IS an R-strun, and hence IIS Ilpopolysscchnnde consists only 
of llpld A~otned to a basal core. lntsrt core-pol>wzcharides ha\e been prepared from 
thts stratn, and from mutants of the same stratn defecb\e tn w-~ous stages of core 

biosyuthesls Using sugar and methylstlon anai?ses. and chemical and enzymx 

degradations, the heuose rrgon of the core of the parent stran has been shown to be 

a pentasacchande for which the following s!ructure IS proposed 

lhl-RODlJCTlOh 

Ltpopol>hacchandes from Cram-ncgatlbc bactena are composed sequentially 

of a hpid part ClIpId A), a basal core, and an 0-antlgentc side-chain The hpld moiety 

swms to be the same or :lmrlar for all bacteria belorqng to the family Entero- 

bactcnaceae I, whereas 0-antlgemc side-chains vary In structure and are sprc~fic for 
the dtfferent herotypes The nature of the core regon difks In Itpopolyaacchandcs 

from different genera, and vnnat~ons rn core structures have also been observed tn 

bpopolysacchartdes from dflercnt strains of Eschnw/rra cob. A drtatled Lnoi\ledge 

of core structures IS Important tn understzmdlng the senstttvtty of different scrams to 

bactenophages and may also sve addltlonal genetic informatlon We now report 

structural jtudles on the hexose regmn of the hpopolysacchartde from the R-s!ratn 

E co/r C 
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RESULTS AND DISCUSSION 

E co11 C IS a q,uld type R-form, and the S-form from which it denxb 15 unknown 
lo th~sstudy. hpopolysaccharides nere prepared, by tbe method of Galanos’, from 
E co11 C and the defective mutants C/5. C/15, and C/63 The latter were kmdly 
supplied by Dr N. G. God:on3. 

Core rcgons were prepared from the hpopolysacchandes by mild hydrolysis 
wrth acid, and lb:11 subsequently be referred to as polysaccbarldes (this term may not 
be adequate for rhese rather small polymers, but mll be used for the sske of con- 
slsteocy) Sugars obtamsd on acid hydrolysis of these polysaccharldes were analysed 
by .g I c of their al&to1 acetates (Table I) and were shot{ q to be D-galactose, ~-glucose, 
and L-gIJcero-D-matrno-heptose Idenhficzihons \\‘cre based on relative retenuon 
times, and absolute configurations were assumed to be rhe same as those prevlousl> 
observed for related polysacchandes a-Acetamrdo -?-deoxy-D-glucose was not found, 
and the presence of this sugar was also precluded by n m r spectroscopy of the Intact 
polysacchandes, In which no stgnals for acetyl protons were obsened Sugar anslysls 
with XI Internal standard showed that the sugars present In the E co/r C pal]- 
sacchande accounted for 63% by uerght of the matenal Analyses also showed 
phosphorus (4.J9%) and nitrogen (0 69%). 

TABLE I 

>lJGAR AN \L\SES OF PGLI SACCHARIDES FROff DIFFERENT h4UTAFil-S OF E CO’, c 

D-Gal 30 14 19 3’ 
D-Gli 44 37 53 35 
Heptose ‘6 49 38 33 

TABLE II 

hlf3HI LATION ANALISF.S OF ORIGINAl AND hfODIFIED POL\SKCH4RIDES FROhl 

DfFFERE?.T hfUTAKl-3 OF E Co/i c 

Sugars Tb c C” Cd C"' C/S Cl IS C/6.? C/6-“’ 

1.3.1.6-Glc” I 00 21 2-i 36 I5 4% 13 5 45 
‘,3.4,6-Gal I lb I4 1 5 ‘I I? 23 21 -z 
3,&:,6-Cilc I 71 3 0 0 6 5 17 73 0 
2.4 6.Glc I 76 20 -I1 479 I4 32 ‘7 46 
3.4.6-Gal I98 II 7 0 2; I-I 0 23 2 
: 6-Glc 300 12 2 3 IZ 25 7 I4 2 4 

“2,3,4,6-Glc = 1,3.4,6-tcln-U-merhyI-o_glucose. etc ‘Rctentlon tlmcs of the denbed dbtol acetatti 
relsu\c to l.~-d~-U-~ce~l-?,3~4,6-tet~-O-mslhy~uc~fol on .III SP-1000 glssswp~llary column 
at 110 ‘After oudation. first warh D-gdaCtOSe o-x&e and subsequently w.101 h>polodlte jfhc 
ma~cnal uerrted as IO <, and tien subJe:ted to uromc acid degradauon eAfter acetylatton and 
ovtdarlon wuh CrO,-AcOH ‘After treatment with z-D-gzdaclos~dase gApprourmately 4050 of tbls 
elher v.35 Lndeuknomrlhylated at C-l 
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hlechylation analyses of polysacchandes from the various sfralns were wr- 

formed as prewously described, wth Identkicallon of the methqlated sugxs as thetr 
nldltol acetates by g I c -m s ’ In add.tlon to the denrstr\es hjted In Table il. 

2.3.3.6,7-penta- and 2,4.6,7-rcrra-O-merhvl-~-yl~cero-D-~?innno-heptosr hvere observed 

Ir IS evident from the data In Tables 1 and Ii that simple ratios of methyl ether com- 

ponents, mdtcatwe of a homogeneous sample, i+ere obtained only for the C and the 

C/62 polysacchnndss 

The olgomenc rwdue obralnsd after treatment of rhs C/67_ poiysxchande 

~61th z-D-ga!actosldase vlelded. on methylatlon an&Is. essentially 2.3.4,6-tetra- and 

2.46~tn-0-methyl-D-giucose (Table II. column C/61’) Treatment of the same poty- 

sacchande wth p-D-palactosldase and analJ SIS of subsequently methj lated material 

showed this enzyme to be wthout efkcr Thebe re>ults therefore show that the hexose 

region III the C/62 polg,accbande residue IS a linear tetrasacchande hsvmg tne 

pdrtlal struc[ure 1, the anomenc confi_gurarlons of thE: D-glucohe residues, as shown 

In this formula, ~111 be diqcusscd later 

As rhe parcrlt C-polysacchande should contain the tetrasaccharide residue of 
C/61 and, according to the methylauon analysts. a terr,llnsl o-glucopyranospl group 

that must be hnbe;l to O-3 of &he branchlng D- glucop> ranoh> I restdue. th2 sequence 

Nsugdrs In rhe pentnsacchande reclduc 13 as deplcted In 2 

Treatment of the C-polysacchande wth elrher X- or j&D-glucosidase \\a?5 without 

efikt. and rreatment u lth r-D-galactosldsse released only the termmal D-galactose 

residue On treatment \\lrh D-,oalacrohe okldase. ho\xever. both D-galactose rehldue> 

were ovldlzed. as subsequent oudatlon of the D-gulacro-hexodlsldo~e residues IO 

uromc acid residues Hlth b>polodlte, followed by sugar analysrs. ylelded D-palactose 

and D-glucose in the ratlo 8 92 O\ldntlon of the chain D-galncropyrano~yl rcsldue was 

not unekpccted. as 2-O-methyl-D-galactose IS also known to be o\Idized G!, rhss 

enzyme’ hlethylnrlon analysts of the owdlzed materrnl (Table II, column C’) yrclded 

essenually n-glucose derl\atlves The material was further modified by a uromc r\cld 

degradatron” which Involved methglatlon follo\xed by sequenrral treatment Hith 

base and acid. when rhe uronlc acid residues were ellmlnared The degraded matenal 

was remethvlatcd, Hllh indeutwomethyl Iodide as alhylatmg agent, and hsdrolysed. 
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The mam components in the hydrolysate (Table Ii, column C”) were X3.4,6-tetra- 
and 3.1,~tr+O-methyl-D-glucose About 40 ‘%I of the latter derl\ntl\e \{3s tndeuteno- 
methylated 3t O-2, the positron to kvtuch the ehmlnated side-shnln had been llnkcd 
The result of this degadatlon therefore supports Structure 2 

Ace~latcd C-polyssccharrds \b3s treated wth chromwm trlovde rn acetIc 
acid’, and the product wns subjected to methylatlon anal>sls fTsble II, column C ‘J 
Dunng the oudar!on, jI-Inked D-glucop>rsnose and o-galactopyraoose resrdues 
should be oxldlzed, btii the corresponding rx-lrnked susarb should be rtilstant’ 

Comparing methylauon analyses of the ong~nal and oxcldlzed material, a decrease In 
the amount of ?A,&tn-O-methyl-D-glucose after ovldarlon IS apparent. The results 

therefore suggest that the chnln D-glucose residue in 2 IS /3-hnked and th3t the other 
restdues are ol-hnked The proponderanoz of cl-linkages IS also rn agreement with the 
optrcal rotation, [a] 578 + 112”. of the undegadsd C-polysaccharlds In the oudatlon 

nltb chromium trloude, the acetylated p-D-glucopyranosyl residue was transformed 
~rr!o a Shexulosonate residue and the ester hnkage tt3.3 clesved during the subsequent 
methylat~on Since no new non-reducing, terminal hehose residue was produced, the 
positIon of rhe D-glucop)r3nosyl chain-residue In 2 ~‘3s confirmed 

In the bght of the results presented aboLe, the sugar and methqlatron snal>se\ 
of the C/5 and C/l5 polybacchandes may bc ratlonalrzed by assuming that the\ sre 
mlxrures contnlolng the residues 1. 2.3, and the residues 4 and 5. respecttveiy 

-i 
Jr-D-Glcp 

5 

FIVE dlstlncr core-types are kno\\n’ tn E co/r, and 3 detaled structure h34 
been decermjoed’ for one of these (R-2) in whrch the heuobe regon has the structure 6 

n-D-Ci~~~-~)~~)-~-D-G~~~-(l~~)-~-Gl~~-~l~ 

1. 
I 

2 2 

; 
i 

‘i 4 
z-D-GlcNAsp Z-D Gall, 

6 

E ct)lrC has a complete coreq that seems to be identxal with the E co/r R-l core.ond 
3 parual structure, mith the hexose regon 7, has been reported In a reblew article’ 
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D-Gtsp-(t-t2)-@-Galp-(i~3~-~-Glcp-(l-_*3)-D-Glcp-~t~ 
I I 
i i 
:___,___: 

7 

TINS Slructure contains rhe same structural elements as 2, but In a different sequence 

4 tentawe btructure 3 has also been propo>ed for the E co/r K-I:! core” 

D-GfCp-( 1 -2) D-G~cp-~l-L3)-D-GISp-(I- 

-! I 

6 ‘7; 

t I 

I I 

‘i T 
~GlcNAup D-(ia@ 

8 

Gerwal methods - Bacteria \%ere culrtvated m a surred, IO-htre fermentor 

(B~otec) under constant aeratron at pH 7 0 Concentrations of soiut~o~s were 

performed under drmmrshrd pressure at bath temperatures not esccedtng 40’ 

0pt1ca.l rotatrons were measured \vrth a Perkrn-Elmer model 111 polailmeter G.1.c 
of aldltol acetates was performed lsith a Perhln-Elmer model 990 lnstrumenl, 
equipped \rrth a glass column (200 ~0 3 cm) contalmng 3% of O\!-225 on Gas 

Chrom Q (lOO/l30 mesh) Peak areas v.ere measured with a Hewletr-Pschard 3370-B 

electromc Integrator Scparatlon of partlnlly methylatcd aldttol acetates was achieved 

by g I c wth a Hewlett-Packard model 5830-A instrument and a glabs-capillary 
column (35 m Y 0 25 mm). t\al!-coated krlrh SP-1000 (LKB-products) For g I c -m s , 

ZI Perkrn-Elmer 370 gas chrornatograph-mass spectrometer. fitted \vrth an OV-225 

S C O.T. column, was used Gel fiitrsrtons were performed on a Sephndeu G-3-5 

column (2 5 x 90 cm), v.rth water as irrigant Ix-D-Galacto~idase ~~1s ptirchased from 

Boebnnger hlnnnherm Co. D-galactose oudase from MN31 (Stockholm), and all 

olher enzymes from S~_gnn Chcmlcal Company hlerhylatlons were performed as 

earlrer descnbcd’. and methylated pol\sacchandes iiere Isolated by partition betiieen 
chloroform and \vater, and purified on a small column of Sephadev LH-20 rmgnted 

\rrth chloroform-acetone (3 I) The methylarcd polysacchsrrdes were hqdrolyscd wth 

0 35~ sulphurlc scrd for I6 h at IO0 , and the sugars snalysed’ as therr aldttol 

acetates by g 1 c -m s 

Prepararlorr of Irpopoi~Jacclrarrdes and hprd-free polo sachn-rrieer - L~popoly- 

baccharrdes from L co/r C (str;un HF 470-t) and the spontaneous mutants’ C/5, C/15. 

and C,‘63 \vere rsolatcd and purrfied by procedures descrrbed earlrer’~’ ’ ” The yield 
of Itpopol~ssccharrdes from the \anous strains H;IS I-2% of the bactenal drw%eyht 
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Ltpopolysacchandes were tredtcd ntth aqueous XZIIC acid (IX,) at 100 for I h. 

to selectlvel> cleave llptd restducs lrhlch L\ere removed by centrlfu2atlon The 

polqsacchandes were purified on a column of Sephadek G-35. freeze-dned, and 

obtaned in Jlelds of X-40°b 
0 \rdurron and hromc acrd dt~gradarmn of Ilk- poijsaccharrde from E col! C - 

The pollsacchande (30 mg). rn 0 O’lhr phosphate bufier (pH 7 0. 6 ml), ~a3 treated 

under toluene (0 05 ml) with D-galactose ovldase (I60 units) and horseradish 

peroudase (3 mg) After 70 h at room temperature, lodme (10 mg) and sodium 

carbonare (52 mg) In \\ater (8 ml) were added, and the solution was stlrred for 4 h 

and then heated to 90- for 10m11-1’” The o\ldlzed pol>sacchande (27 mg), after 

punticaitlon on J column of Sephsdex G-25 was ekamlned by methylauon analysts 

(Table II, C’) 
The ovldlzed and merhylnted product (IO rn:, and toluene-p-sulphonlc acid 

(5 mg) \vere dlssolbed in methanol (IO ml) contamrng 2.2-dlmethoxbpropnne (0 5 ml) 

and the solurlon was boiled under rellux for 30 min X piece of freshly cut sodium 

(100 mgi ~%a.r, daded and rcflu\lns \ras contlnusd for lj mtn The mixture \\a‘~ 

neutrallsed with 50% aqueous acetIc acid. the producx extracted w1r11 dlcl*loro- 

merhane, ad the exLract concentrated to dryness After treatment \blth 5O?b aqueous 

acetlc acid (5 ml) at 100’ for I h and concentrarlon to dryness. methylatlon anal>sls 

of this degaded material was performed (TabI? II. C’) \iLrh LrrdcutcrLomethyl Iodide 

as alk>IJt~ng agent 

Ci~rotmc acid dsgradalrotr - The pol>sacchandz (I 2 mg) from E cofl C ~a> 

acetylated by treatment with acetlc anhydride (0 j ml) and pyrldlne (0 5 ml) In 

formamlde (2 m!) for I6 h, and the reaction \\as monitored by 1.r spectroscopy The 

product, together \vLth nlro-lnosltol hexacetate (3 mg) a> an Internal htandard, was 

dlssohed In acetx acid (0 6 ml). and half of the soluuon ~a\ kept as a control 

Chromium rnovlde (30 mg) \\as added to the other half. and the mtxtures were 

agtatcd III an ultrasoruc bath for I h The solutrons were each diluted with water 

(30 ml) and extracted 151th chloroform Sugar analysis ga\e ~-glucose and c-galactose 

in the proportIons I 4-4 1 00 and 0 SO I 00 for the uno\ldlzed control and the ovtdlzed 

material. rsspecrlvrl~ The analysts bhowed that 1OWt of the D-galactose In the 

onglnal sample was reco\rred after the ovrdatlon 

EIIZJ ~IIC dsgradarron - The follo,wlng enzvmej were used r-D-Glucosldase 

(from yeast) in 0 07hr sodium phosphate buffer (pH 6 8). /?-D-glucoslda>e (from 

almonds) In 0 05x1 sodium acerate buffer (pH -i 01, x-D-galactostdase (from green 

cofiee-beans) In citric acid-dlsodtum phosphate bufi& (hlcIlvslne’4, pH 6 I), and 

#I-n-gxlncros~d~se (from bovine Il\er) III 0 1)Shl Trls-HCI buffer (pH 7 6) The specs- 

ficitles and actlvltlcs ot’ the enzymes were tested by using suttable substrares 

For enz>mLc dIgestIon_ the polysacchartde (5-15 mg), enzyme (IO mp for 

P-D-galacto~ldnse. I mg for the crhers), and roluene (0 05 ml) In the appropnnte 

bufkr (3 ml) were kept at 37’ for 3-Z h Products H’ere fractlonatzd by chromntogmphy 

on Sephadev G-25 and SubJected to methylauon analysts 
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