
Vol. 71, No. 2, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ON THE STRUCTURE OF THE ESCHERICHIA COLI C CELL WALL 

L I POPOLYSACCHAR IDE CORE AND ON ITS 8x174 RECEPTOR REG ION 

ULRICH FEIGE AND STEPHAN STIRM 

MAX PLANCK-INSTITUT FZR IMMUNBIOLOGIE, FREIBURG, GERMANY 

Received April 26,1976 

SUMMARY 

MUTANTS OF ESCHERICHIA COLI C WERE SELECTED FOR RESISTANCE 

TOWARDS A SET OF CELL WALL LPS CORE SPECIFIC BACTERIOPHAGES, 

I NCLUD I NG $x174. INCREASINGLY DEFICIENT LPS’s FROM WT AND MU- 

TANT E.COLI c WERE TESTED FOR INACTIVATION OF &t174, AND THE 

CORE OLIGOSACCHARIDES WERE SUBJECTED TO STRUCTURAL ANALYSIS 

BY METHYLATION/G.L.C./M.S. LOSS OF THE TERMINAL GALACTOSE IN 

THE FOLLOWING BASIC STRUCTURE OF THE E.COLI C WT CORE WAS FOUNO 
TO LEAD TO ADSORPTION RESISTANCE TOWA-174: 

GALI+~GAL~+~GLC~+~GLCI-,~HEP~ --,~HEP~ + 

1-P ?7c - + - *7? 

GLC HEP 

IN PURSUIT OF AN UNDERSTANDING OF MOLECULAR PRINCIPLES IN 

BACTERIOPHAGE-HOST SURFACE INTERACTIONS (E.G. l-3), WE HAVE 

TAKEN UP THE STRUCTURAL ANALYSIS OF THE CELL WALL LIPOPOLYSAC- 

CHARIDE OF ESCHERICHIA coLi C, THE HOST OF BACTERIOPHAGE 

8x174. E.COLI c LPS IS KNOWN TO CAUSE ECLIPSE OF dX174 (4,5), 

AND TO COMPRISE STRUCTURES WITH SPECIFIC AFFINITY FOR ONE OF 

THE BINDING SITES OF j&174 SPIKE H PROTEIN (“PILOT PROTEIN”) 

(5-7). IN THE FOLLOWING WE REPORT ON THE PRIMARY STRUCTURE OF 

THE E.COLI c LPS CORE, AND ON A REGION WITHIN IT WHICH IS NE- 

CESSARY FOR $x174 ATTACHMENT. 

MATERIALS AND METHODS 

MEDIA. UNLESS STATED OTHERWISE, MERCK STANDARD I MEDIUM 

WAS USED. 
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BACTERIA AND BACTERIOPHAGES. ESCHERICHIA COLI C WAS OB- 

TAINED FROM DR. R.L. SINSHEIMER (CALIFORNIA INSTITUTE OF TECH- 

NOLOGY, PASADENA), AND BACTERlOPHAGE fixl?b FROM DR. M.E. BAYER 
(INSTITUTE FOR CANCER RESEARCH, PHILADELPHIA). THE TYPING PHA- 

GES GSR, T3, T4, T7, BRIO, BR~O, FP?, AND FP~ (SEE 8) WERE 

KINDLY SUPPLIED BY DR. G. SCHMIOT AT THIS INSTITUTE. 

ISOLATION AND TYPING OF E.CDLI C LPS MUTANTS. AN EXCESS OF 
EACH OF THE PHAGES LISTED ABOVE WAS ADDED TO YOUNG BROTH CUL- 

TURES OF E.co~r c - NOT MUTAGENIZED, OR TREATED WITH ACRID~NE 
ORANGE -, AND RESISTANT CLONES WERE ISOLATED. THESE WERE THEN 
PLATED AND TYPED WITH THE SAME8SET OF VIRUSES, APPLYING DROPS 

OF SUSPENSIONS WITH ABOUT 3X10 PFU*/ML (COMPARE 8). 
ADSDRPTION OF $X174 TO E.COLI C AND ~6 ITS MUTANTS. THE KI- 

NETICS OF ATTACHMENT TO WHOLE BACTERIA WERE DETERMINED IN STAR- 

VATION BUFFER. AS DETAILED BY NEWBDLO AND SINSHEIMER (9). 
INACTIVATION 0F bX174 BY LPS’s FROM E.COLI C AND FRonr-ITS 

MUTANTS. THE CELL WALL LPS’s OF E.COLI C AND OF ITS MUTANTS 

WERE ISOLATED BY THE METHOD OF GALANOS ET AL. (IO): THE 50% IN- 

ACT IVAT I ON DOSES ( IDS*; THE 
RESIDUAL INFECTIVITY 

SEE 11) WERE EST IMAT;D‘BX’; 1TRAT;N.G 

FTER INCUBATION (1 H AT 37 c) OF INCREA- 
SlNG AMOUNTS OF HOMOGENIZED LPS’S WlTH 1000 PFU PER ML STARVA- 

T  ION BUFFER, OR MERCK MEDIUM (COMPARE 4). 
ANALYSES OF COMPLETE-CELL WALL LPS’s. AFTER HYDROLYSIS 

(O-1 N C 4-c 100°C) THE ALDOSES WERE DETERMINED BY G. 
L.C. OFHT:: ALD:T:: ACETAT& (12) USING A VARIAN AEROGRAPH 

(MODEL 152OB), AND GLASS COLUMNS :ILLED WITH ECNSS-M ON GAS- 

CHROM Q (SEE ALSO 13). O-GLUCOSE AND 0-GALACTOSE WERE FURTHER 

ESTIMATED WITH FUNGAL GLUCOSE DXIDASE (EC 1.1.3.4)(14), AND 

WITH GALACTDSE OEHY~R~GENASE (EC 1.1.1.48) FROM PSEUDOMONAS 
FLUORESCENS (15). THE PHOSPHORUS DETERMINATIONS WERE CARRIED 

OUT ACCORDING TO LOWRY ET AL. (16). 
ISDLATION AND ANALYSES OF Ll% CORE OLIGOSACCH~RIDES. THE 

LPS SAMPLES WERE DEGRADED BY HEATING (2 H AT 100°C) IN 1% A- 

QUEOUS ACETIC ACID, THE INSOLUBLE LlPiO A WAS REMOVED BY CEN- 

TRIFUGATIDN, AND THE CORE OLIGOSACCHARIDES WERE CHROMATOGRAPHEO 

THROUGH 6lOGEL P2 (SEE 17 FOR DETAILS). FOR DEPHOSPHDRYLATION, 

THE MATERIALS WERE TREATED ( 4 DAYS AT 4'c) WITH 50% AQUEOUS 
HF, AND PASSEO OVER BI~GEL AGAIN (SEE 18). 

THE ALDOSE AND PHOSPHORUS ANALYSES OF THE CORE OLIGOSACCHA- 
RIDES WERE CARRIED OUT AS DESCRIBED ABOVE. THE MATERIALS - BE- 

FORE, OR AFTER DEPHOSPHORYLATION - WERE ALSO METHYLATED WITH 

METHYL SULFINYL CARBANION IN DIMETHYL SULFOXIOE (i9,20). THE 
METHYLATED PRODUCTS WERE PURIFIED BY PASSAGE OVER SEPHADEX LH20 
(13), HYORDLYZEO WITH FORMIC/SULFURIC ACID (20), AND THE METHY- 

LATE0 MONOMERS WERE IDENTIFIED BY G,L+C,/M.S. AS THE ALDITOL 

ACETATES (OR, OCCASIONALLY, AS THE ALOOSE ACETATES)(21,22). THE 
RETENTION TIMES WERE RECORDED WITH THE VARIAN AER~GRAPH (SEE 

ABOVE), AND THE MASS SPECTROMETRY WAS CARRIED OUT WITH A COM- 

BINED FINNIGAN G.L.C. (MODEL 95OO)/~.s. (MODEL 3200E-003) IN- 

STRUMENT, EMPLOYING ELECTRON IMPACT IONIZATION (FOR FURTHER 

DETAILS SEE ALSO 14.18). 

RESULTS 

USING THE TEN ENTEROBACTERIACEAE LPS CORE SPECIFIC BACTE- 

*PLAQUE FORMING UNITS. 
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RIOPHAGES (3,8,23) LISTED IN MATERIALS AND METHODS, LPS DE- 

FECTIVE MUTANTS OF E.COLI C WERE SELECTED AND TYPED. FIVE RE- 

PRESENTATIVE MUTANTS OF DIFFERENT PHAGE TYPES WERE STUDIED: 

COMPARING WITH E.COLI C WT, THE MUTANTS WERE TESTED FOR 

AOSORPTION RESISTANCE TOWARDS 8x174, AND THEIR CELL WALL LPS’S 

WERE ISOLATED AND ASSAYED FOR jix174 INACTIVATION (4,5), AS 

WELL AS ANALYZED FOR ALDOSES AND PHOSPHORUS (SEE TABLE 1). 

IN ADDITION, MOST LPS’S WERE TREATED WITH MILD ACID AND THE 

CORE OLIGOSACCHARIDES WERE ISOLATED (17). THEY WERE ANALYZED 

FOR THE SAME CONSTITUENTS (TABLE I), AND THREE OF THEM WERE 

ALSO SUBJECTED TO METHYLATION/G.L.C./M.S. (19-21). SINCE ME- 

THYLATION OF PHOSPHATE-SUBSTITUTED HEPTOSE RESIDUES REMAINS IN- 

COMPLETE, AND BECAUSE, ON THE OTHER HAND, DEPHOSPHORYLATION 

WITH HF (18) WAS FOUND TO CAUSE SOME LOSS OF GALACTOSE ALSO, 

BOTH THE NATIVE AND THE DEPHOSPHORYLATED OLIGOSACCHARIDES WERE 

HETHYLATED AND THE RESULTS SUITABLY COMPUTED (SEE TABLE 2). 

DISCUSS ION 

THE RESULTING STRUCTURES OF THE HEXOSE-HEPTOSE REGIONS IN 

THE E.COLI C WT AND MUTANT LPS CORES ARE SHOWN IN TABLE 3. 

FROM ANALOGY TO THE OTHER ENTEROEIACTERIACEAE LPS CORE STRUC- 

TURES SO FAR INVESTIGATED (E.G. 18,24), SEPARATE HEXOSE AND 

HEPTOSE REGIONS, AS WELL AS (1+3)-LINKAGES OF THE CHAIN HEP- 

TOSES CAN BE ASSUMED. THE METHYLATION ANALYSIS OF THE C23.1 

CORE OLIGOSACCHARIDE (TABLE 2) THUS YIELDS THE STRUCTURE GIVEN 

IN TABLE 3. THE STRUCTURES OF THE C71 AND WT CORES THEN FOLLOW 

CONSECUTIVELY FROM THEIR RESPECTIVE METHYLATION ANALYSES, AND 

THE (23 AND C61 STRUCTURES CAN FINALLY BE DEDUCED FROM THEIR 

SUGAR COMPOSITIONS ALONE (TABLE I). 

THE DATA PRESENTED IN TABLES 1 AND 3 ALSO SHOW THAT LOSS OF 

570 
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TABLE 3. CELL WALL LIPOPOLYSACCHARIDE CORK STRIJCTURES~ IN 
ESCHERICHIA COLI C AND ITS MUTANTS. 

STRAIN HEXOSE-HEPTOSE REGION OF LPS CORE OLIGOSACCH.~ 

E.COLI C, WT 

C61 

C7l 

~23~ 

C23.1 

we 
GALI+~GAL~ +~GLc~+~GLcI-~~HEP~-~HE~~ + 

II3 
?7T ‘“1- -v7? 

GOB 

GLC HEP~ 

GALI+ ~GALI -2G~cld3G~cl +~HEPI.+~HEPI-+ 

I'[' 

WB 

GLC 

GAL~--~~GAL~--,~GL~~~~GL~~--~~HEP~-~~HEP?-- 
?7c _ -I- _ l 7? 

HEP~ 

GALI-% 2G~cl-+ 3G~cl --~~HEPI --c3H~~l-a 

113 
GLC 

AIN ADDITION TO WHAT IS SHOWN, THE NATIVE CORE OLIGOSACCHARIDES 

CARRY DIFFERENT AMOUNTS OF PHOSPHATE-CONTAINING SUBSTITUENTS 

(SEE TABLE I), AND TERMINATE IN REDUCING 3-DEOXY-OCTULOSONIC 
ACID 

SES. 

&COMPARE 18,24; SEE TABLE I)- ALL SUGARS OCCUR AS PYRANO- 

SINCE, 1~ S.TYPH~YURIUM, fix174 IS SPECIFIC FORu((l+2)- 

LINKED TERMINAL HEXOSES (51, AN &-LINKAGE IS PROPOSED FO’R THE 
TERMINAL GALACTOSE. No SUCH PREDICTION IS POSSIBLE FOR THE SUB- 
TERMINAL GALACTOSE, BECAUSE E.COLI c23 EEHIBITS SOME DOUBTFUL, 

RESIDUAL AOSORPTION OF bx174mE I), IT IS NOT KNOWN IF THE 

BRANCH HEPTOSE IS LOCATED ON THE DISTAL, OR ON THE PROXIMAL 

CHAIN HEPTOSL. 

THE E.COLI c WT CORE TERMINAL GALACTOSE RESIDUE LEADS TO 8x174 

ADSORPTION RESISTANCE (COMPARE C61 AND C23), WHEREAS LOSS OF 

THE BRANCH HEPTOSE (%I), OR OF THE BRANCH GLUCOSE (C71) DOES 

NOT HAVE THIS EFFECT. THE FACT THAT THE RESISTENT MUTANTS c23, 

C23.1, AND C64 ALL SHOW LPS PHOSPHATE DEFECTS ALSO (TABLE I) 

RAISES THE QUESTION, IF NOT THESE PHOSPHATE LOSSES MAY GE THE 
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REASON FOR THE RESISTANCE. HOWEVER, E.COLI C71 - WHICH IS SEN- 

SITIVE - CONTAINS THE SAME AMOUNT OF PHOSPHATE AS DOES C23.1 

- WHICH IS 6x174 RESISTANT; AND SIMILAR EXPERIMENTS WITH SAL- 

MONELLA TYPHIMURIUM MUTANTS (5) ALSO IMPLIED LPS SUGAR, AN0 

NOT PHOSPHATE RESIDUES IN f&174 ATTACHMENT: 

IN S.TYPHIYURIUY, LOSS OF LPS CORE TERMINAL, (142)-LINKED 

N-ACETYL-~-D-GLUC~SAM~NE ~Eoucfzs, AND A~OIT~ONAL Loss OF sue- 

TERMINAL, ALSO (l-,2)-LINKED O&O-GLUCOSE ABOLISHES 8x174 AO- 

SORPTION (5,24>. IN CONJUNCTION WITH THE RESULTS PRESENTED HERE, 

THIS SHOWS THAT f&174 IS NOT SPECIFIC FOR THE CORE TERMINAL 

SUGAR ITSELF, BUT POSSIBLY FOR THE CONFIGURATION (AND THE RE- 

SULTING CONFORMATION) AROUND THE TERMINAL GLYCOSIOIC LINKAGE: 

IN ALL CASES INVESTIGATED - WITH THE DOUBTFUL EXCEPTION OF 

E.COLI C23 (TABLES 1 AND 3) - 6x174 WAS FOUND TO ADSORB TO BAC- 

TERIA ONLY, THE LPS CORES OF WHICH TERMINATE IN (142)-LINKED 

HEXOSES (PROBABLY ALWAYS AXIAL1+2EQUATORIAL LINKAGES). 
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