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ABSTRACT 

Lipopolysaccharide was isolated from Pasteurella haemolyticu biotype A, serotype 1 by using the 
phenol-water extraction procedure. Hydrolysis with mild acid afforded a high-molecular-weight anti- 

genie O-chain. On the basis of 1D and 2D NMR spectral studies and microanalytical chemical 

methods, the 0-polysaccharide was determined to be a linear polymer of a trisaccharide repeating unit 

having the structure 

--f 3)-P-o-Galp-(I + 3).P-o-GalpNAc-(1 + 4)-P-o-Galp-(I * 

This 0-polysaccharide antigen is expressed by several P. haemolytica biotype A serotypes. 

INTRODUCTION 

Pasteurella haemolytica is a Gram-negative pathogen which is associated with 

several diseases of domestic animals. Two distinct biotypes of this pathogen are 

recognised (A and T), which are further subdivided into sixteen serotypes’. Biotype 

A, serotype 1 (i.e., serotype Al) is most frequently associated with pneumonic 

pasteurellosis (shipping fever) in feedlot cattle, a complex disease state initiated by 

stress and predisposing viral infections of the respiratory tract ‘. Shipping fever 

pneumonia is a source of considerable economic loss in the North American cattle 

industry3, and several vaccines containing P. haemolytica or components of the 

bacterium are currently marketed as an aid in the prevention of the disease. 

The pathogenesis of P. haemolytica infections is not well understood, although 

several virulence factors including capsular polysaccharide4, leukotoxin5x6, and 

lipopolysaccharide (LPS)7-9 have been identified. Serotype specificity is related to 

Correspondence to: Dr. J.C. Richards, Institute for Biological Sciences, National Research Council of 

Canada, Ottawa, Ontario, KlA 0R6, Canada. 

* Issued as NRCC Publication No. 34277. 

000%6215/93/$06.00 0 1993 - Elsevier Science Publishers B.V. All rights reserved 



differences in the capsular polysaccharide antigens”‘. I’. /~crc~ol~~ic~~ LPS is also 

implicated as a major antigenic determinant I’. and antigcnic similarities among the 

LPS of several p. haernolyfiw serotypes have been observed” ‘l. 

There would appear to be significant differences in the LPS exprcased 13) 

biotypes A and T. I’. hnrzoiyticu. Biotype A serotypes have been reported I” to 

produce predominantly low-molecular-weight. rough-type LPS, whereas biotype T 

strains elaborate high-molecular-weight, smooth-type LPS having eslensbe O- 

chains”-‘X~‘4, Recently a high-molecular-weight (~-pcrlys~lccharicc component \v;ts 

detected in the LPS from scrotypc AI”’ , and immunological studies have indicated 

several biotype A strains (including scrotype Al) to share common O-polysac- 

charide epitopes 17. In this paper we report the structure of the LPS O-polysac- 

charide of I-’ haemolyfic~u scrotypc A I. 

RESlJLTS AND DISCUSSION 

Isolation and pur@a tiou of the O-~~o!,‘saccha~i~~~.~ of’ P. haemolytica .Sctut~p~ 

Al. -Extraction of I’. htretnolytica scrotype Al cclla (240 g, wet weight) by the 

modified hot aqueous phenol method” afforded, after ultracentrifugation. a pure 

LPS (1.99 g) from the dialyzed and concentrated aqueous phase. SDS-PAGE 

analysis of the LPS. visualized by silver staining”. showed heavily stained fast- 

migrating bands representative of Ivw-moleclllar-weiglit rough LPS containing a 

lipid A-core oligosaccharide complex. The characteristic ladder pattern of high- 

molecular-weight smooth LPS was very faint, indicatin, ~7 the preparations to 1~ 

predominantly R-type LPS. 

The LPS (100 mg) was partially hydrolysed with hot dilute acetic acid to afford 

an insoluble lipid A ( - Zc<;) and a water-soluble product. The latter was concen- 

trated and subjected to gel-filtration chromatography on Scphades G-50 (Fig. 1). 

and three fractions wcrc collected. Calorimetric analysis of the elucnt indicated 

that the low-molecular-weight fraction (K;,, 0.97, 349) contained .i-deoxy-II- 

manno-2-octulosonic acid (Kdo)“, whereas the core oligosaccharidc ( K,,, 0.65. 

23%), contained neutral aldtrsc” and Kdo. 

The high-molecular-weight fraction, eluting in the void volume of the column 

(K,, 0.03, 5%X contained both neutral aldose and aminoglycose” which were 

identified as galactosc and 2-amino-2-deoxy-galactose residues by C;LC of the 

alditol acetate derivatives of the acid hydrolysis products”‘. ’ I-I NMK spectroscopy 

rcvcaled contamination of this fraction with capsular polysaccharidc, which was 

removed by anion-exchange chromatography. Pure 0polysaccharide elutcd from ;I 

column of DEAE-Sephacel as a single peak with the neutral buffer (pH 7.2) in 

- 1%) yield. 

C’Ciarrrctel-izati~~n cf the O-[)ol~sac~/lNril~~ (O-PSI.-The O-PS of !‘. lmwol~tica 

serotype Al was freely soluble in water and had [a][, 24.5” (c 1.2. H .O). Total acid 

hydrolysis of the polymer (2 M trifluoroacctic acid, 12 h, 100°C). f’oliowcd by GLC 

analysis of the reduced and acetylated products”‘. gave 1.3,3.4.~.6-hcxa-0- 
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Fig. 1. Sephadex G-50 gel-filtration chromatography of the water-soluble acetic acid hydrolysis products 

from P. haemolytica serotype Al. Aliquots were analysed for neutral glycose ( n ), hexosamine (o), and 

Kdo (0). 

acetylgalactitol (TcA 1.01) and 2-acetamido-1,3,4,5,6-penta-0-acetyl-2-deoxy-D- 

galactitol (ToA 1.41) in a molar ratio of y 2 : 1. The absolute configurations of the 

glycoses were established from the characteristic GLC retention times of their 

trimethylsilylated CR)-2-butyl glycosyl derivatives 27 In this way the galactosyl and . 
2-amino-2-deoxy-galactosyl residues were each assigned to the D-series. 

Glycosyl linkage analysis. -The methylated ** 0-polysaccharide afforded prod- 

ucts that, after hydrolysis, reduction (NaBH,), and acetylation, furnished valuable 

mass spectral data on the positions of the linkages of the component glycose 

residues (Table I). From this analysis it can be inferred that the I’. haemolytica 
serotype 1 0-PS is composed of + 3)-D-Galp-(1 4, --) 4)-D-Galp-(l -+ , and 

+ 3)-D-GalpNAc-(1 + structural units that form a linear repeating trisaccharide 

unit. 

Glycosyl sequence determination. -High-resolution NMR techniques were em- 

ployed to establish the sequence of the glycosyl residues. The general approach 

involved the initial complete assignment of the ‘H and 13C NMR spectra of the 

TABLE I 

Methylation analysis data for the P. haemolytica serotype Al 0-polysaccharide. 

Methylated glycose derivative ’ TGM 
h Mole ratio ’ 

2,4,6-Tri-O-methyl-D-galactose 1.01 1.00 

2,3,6-Tri-0-methyl-o-galactose 1.04 1.15 

2-Deoxy-4,6-di-0-methyl-2-(N-methylacetamido)- 

o-galactose 1.88 0.78 

’ Determined as their [l-‘Hlalditol acetates. ’ Retention times relative to 1,4,5-tri-0-acetyl-2,3,6-tri-O- 

methyl-o-glucitol-l-d, using GLC program A. ’ Uncorrected detector response relative to 1,3,5-tri-O- 

acetyl-2,4,6-tri-0-methyl-o-galactitol. 
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Fig. 2. ‘H NMR spectrum of the ring proton region for I’. haerno/yrico wrotype Al LPS 0polysac- 

charide. 

intact polysaccharide from which the relative stereochemistry, ring size, and 

anomeric configuration of the component glycoscs were idcntificd. 

The ‘“C NMR spectrum showed three resonances for the anomeric carbons of 

the constituent monosaccharides, clearly indicating the polysaccharide to be com- 

posed of regular trisaccharide repeating units. Diagnostic “C resonances were 

observed at 52.2 ppm from C-2 of the 2-amino-2-dcoxy-I)-galactospl residues, and 

signals at 176.2 and 23.0 ppm were indicative of the aminoglycosyl residues being 

present as their acetamido derivatives’“. 

Correspondingly, the ‘I-f NMR spectrum of the O-polysaccharide revealed three 

major resonances of cquai signal area for the anomeric protons in the low-field 

region at 4.70 (d, z 1 H, .I,,, 8.6 Hz), 4.62 (d, _ 1 H, .I,,? 7.6 Hz). and 3.50 ppm (d. 

y 1 H, .I,,? 7.Y Hz) (Fig. 2). together with the characteristic high-field resonance at 

2.04 ppm (s, 3 H) from the methyl protons of the i\:-acctyl groups of the 

2-acctamido-2-deoxy-u-galactosyl residues. Assignment of the proton resonances 

was made from two dimensional homonuclear chemical shift correlation cxperi- 

ments (COSY ‘“) and NOE mcasurcments3’. From the C’OSY experiment. sub- 

spectra corresponding to each of the three glycosyl residues were identified. the 

chemical shift” and the vicinal ’ H- ‘I-4 coupling constant valucs3-’ being typical of 

pyranosyl units possessing the o-rl-gahcto configuration. The residues were la- 

belled a, b and c according to decreasing order of the chemical shifts from the H-l 

resonances3”. The observed ‘H chemical shifts and coupling constants for the 

polysaccharidc are given in Table II. The cross-peaks relating the H-3 and H-5 

resonances in the COSY were of very low intensity and difficult to idcntifv; 



W.B. Seuern, J.C. Richards/Carbohydr. Res. 240 (1993) 277-285 281 

TABLE II 

‘H NMR chemical shifts and ring proton coupling constants a (Hz) for the P. haemolytica serotype Al 

0polysaccharide 

Residue 

a 

b 

C 

Glycosyl residue H-l H-2 H-3 H-4 H-5 H-6 H-6’ 

(J,,,) (J2.3) (J,,,) (J,,,) 

--) 3)-P-o-GalpNAc-(1 + 4.70 4.03 3.90 4.16 3.67 3.74 3.82 

(8.6) (9.7) (3.1) (61) 

+ 4)-/3-o-Galp-(1 + 4.62 3.46 3.16 4.10 3.12 3.15 3.80 

(7.6) (9.3) (3.4) (<l) 

+ 3)-P-o-Galp-(1 + 4.50 3.67 3.77 4.12 3.68 3.75 3.80 

(7.9) (9.6) (3.5) (91) 

a Observed first-order chemical shifts and coupling constants (Hz) measured at 27°C in D,O. 

however, the respective H-5 assignments were verified from NOE measurements 
(see below). Unambiguous assignment of the corresponding 13C resonances was 
effected by correlation with the ‘H resonances of the directly attached protons by 
heteronuclear 13C-‘H chemical shift correlation experiments”’ and the data is 
recorded in Table III. 

A direct ‘H-13C correlation between the resonances of H-2a (4.03 ppm) and 
C-2a (52.2 ppm) permitted a to be identified as the 2-acetamido-2-deoxy-D-galac- 
tose unitj6, while the residues b and c correspond to the two o-galactose residues 
revealed by chemical analysis. In agreement with the methylation analysis data, 
significant deshielding of the 13C resonances assigned to C-3a, C-4b, and C-3c 
(Table III) indicated those positions as the sites of the glycosyl linkagesz9. 

The arrangement of three glycosyl residues within the repeating unit was 
determined from interresidue ‘H-‘H NOE measurements”‘, which also served to 
confirm the positions of the glycosidic linkages (Table IV). NOE measurements 
were made using a 2D phase-sensitive NOESY experiment3’. 

The NOES were employed qualitatively to establish short (< 3 & through-space 
connectivities between the anomeric and aglyconic protons of the adjacent glyco- 
sidically linked residues. In addition, the occurrence of intraresidue NOES be- 
tween H-l and H-3, and between H-l and H-5 within the pyranose ring systems of 

TABLE III 

“C NMR chemical shifts for the P. haemolytica serotype Al 0polysaccharide 

Residue Glycosyl residue C-l c-2 C-3 

a --) 3)-P-o-GalpNAc-(1 + 103.2 52.2 80.7 

b --) 4)p-D-Galp-(1 + 105.2 70.6 73.2 

c --t 3)P-o-Galp-(1 + 105.3 70.7 82.5 

a Determined by 13C-‘H chemical shift correlation at 27°C in D,O. 

c-4 c-5 C-6 

68.7 75.4 61.4 

76.8 74.0 61.9 

69.3 75.4 61.9 



TABLE IV 

Proton NOE data for the P. hmwolyticu serotype Al O-polysaccharide ” 

Anomeric 

proton 

Ohsewed proton 

lntraresidue 

NOE 

Interresidue 

NOE 

Linkage 

sill: 

la 3a. Ja 4h 
lb 3h. 5h 3C 

IC 32, SC 3a 

I’ Measured from the NOESY spectrum of the Cl-polysaccharidr at 27°C‘ in D-0. ” Confirmed from 

methylation analysis data in Table I. 

each of the glycosyl residues was indicative of their assigned B-configurations. 

Thus. the anomeric proton resonance (4.70 ppm) of the 2-acetamido-7-dcoxy-B_D- 

galactopyranose residue a. showed strong NOE connectivities within the pyrsnose 

ring system to H-5a (3.67 ppm) and H-3a (3.90 ppm). and across the glycosidic 

bond to FI-4b (4.10 ppm) of the I>-galactopyranosyl residue b. The connectivity 

established by the transglycosidic NOE (H-la-H-4b). indicates the partial se- 

quence a-t b and further suggests that the 2-acetamido-2-deoxy-B-r,-galac- 

topyranosyl residue is linked to the O-4 position of the P-r)-galactopyranosyl unit. 

Because of the overlapping H-3b and H-3c resonances (- 3.76 ppm), interpreta- 

tion of the observed NOE connectivity to H-lb (4.62 ppm) was ambiguous. 

However. the occurrence of interrcsidue NOE relating the H-lc (4.50 ppm) and 

H-3a (3.90 ppm) resonances was sufficient to establish the linear scqucncc of 

glycoses within the repeating trisaccharide unit as. + c -+ a + II -+ 

The accumulated evidence from compositional, methylation and NMR analysts 

permit the repeating unit of the P. haemolytica serotype Al O-polysaccharide to 

be assigned the structure, 

--f 3)-P-n-Galp-( 1 + 3)-P-D-G~I~NAc-( 1 + 4)-/3-D-Gall7-( I + 

A recent comparison of the electrophorctic profiles of P. huernoiyrica LPS using 

specific immunoblotting detection techniques has indicated that most biotype A 

serotypes produce a common. highly immunogenic 0polysaccharide”. In this 

study, the O-polysaccharide components from three serotypcs (serotypes A 1. Ah, 

and A9) were also shown to bc identical from comparison of their ‘H NMR 

spectra. The results of the present investigation establish the structure of this 

common I? haemalytica antigen. 

EXPERIMENTAL 

kolution and purification of the l@opolysaccharide (L/5) from I’. haemolytica 

serotype Al. -1’. haemolytica serotype Al (NRCC 4121), obtained from the Vcteri- 

nary Infectious Diseases Organization (VIDO), Saskatoon. SK. Canada, were 

grown in a fermenter (28 1, Microferm, New Brunswick Scientific) with a medium 
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of brain heart infusion broth (3.7%, Difcol at 37 f 1°C for 18 h. Cells were then 

killed by the addition of phenol (0.75%’ w/v, final concentration) and were 

harvested using a Sharples continuous centrifuge. Collected cells (240 g) were 

washed with 2.5% saline, digested with lysozyme, ribonuclease, and de- 

oxyribonuclease’4, and then extracted with hot aqueous phenolzl. LPS was rccov- 

ered from the dialyzed and concentrated aqueous layer of the extract by ultracen- 

trifugation (105 OOOg, 4”C, 12 h) as the precipitated gel, then subjected to repeated 

ultracentrifugation from 2.5% saline solutions until judged to be pure by the 

carbocyanine dye assay”s. Purified LPS gels were suspended in distilled water and 

lyophilization gave 1.99 g of LPS. 

0-Polysaccharide.-A suspension of the LPS (100 mg) in aqueous acetic acid 

(2% v/v, 100 mL) was heated at 100°C for 2 h and the precipitated lipid A 

(- 23%) was removed from the cooled solution by low-speed centrifugation. The 

supernatant was lyophilized, and the residue was fractionated by gel-filtration 

chromatography on a Sephadex G-50 column (Pharmacia, 3.5 x 100 cm) using 

pyridinium acetate (0.05 M, pH 4.7) as the mobile phase. The column eluant was 

continuously monitored for changes in refractive index using a Waters R403 

differential refractometer, and fractions (10 mL) were collected and analyzed 

calorimetrically for neutral aldose24, aminoglycose25, and Kdo*“. The gel filtration 

properties of the eluted materials are expressed in terms of their distribution 

coefficients, K,, = CL’, - V,,)/(Vt - V,,>, where V, is the elution volume of the 

specific material, V,, is the void volume, and V, the total volume of the system. 

The 0-PS was further purified by ion-exchange chromatography. The sample (3 

mg), dissolved in water (1 mL), was applied to a column (1.2 X 3.5 cm) of 

DEAE-Sephacel (Pharmacia), equilibrated with 0.05 M Tris-HCl buffer (pH 7.2). 

The column was eluted with the same buffer (40 mL) to obtain the 0-PS. Fractions 

(1 mL) were collected, assayed as above, and dialysed against distilled water to give 

the purified P. haemolytica serotype Al 0-PS. 

Analytical methods. -Quantitative determination of constituent glycoses in- 

volved analysis of the derived alditol acetates2’. Samples of polysaccharide (0.5 mg> 

were hydrolysed with trifluoroacetic acid (2 M, 0.5 mL) for 12 h at lOo”C, followed 

by concentration under reduced pressure. The products were reduced (NaBD,) 

and acetylated (acetic anhydride) as previously described3”, and analysed by GLC 

using program A. Absolute configurations of the glycoses were determined by 

GLC-MS (program B) of the corresponding per-0-trimethylsilyl (R)-2-butyl gly- 

coside derivatives2’. The identity of the glycose derivatives was established by 

comparison of their GLC retention times and mass spectra with those of authentic 

reference compounds. The galactosamine residues were N-acetylated prior to 

silylation4’. 

Analytical GLC-MS was performed using a Hewlett-Packard model 5958B gas 

chromatograph-mass spectrometer, fitted with a DB-17 fused silica capillary 

column in the electron impact (EI) mode using an ionization potential of 70 eV. 

The following temperature programs were employed. A, (for alditol acetates and 



partially methylated alditol acetates) 180°C for 2 min then 4”C/min to 240°C. B, 

(for trimethylsilylated CR)-2-butyl glycoside derivatives) isothermal at 175°C. Re- 

tention times arc quoted relative to p-glucitol hexaacetate (To,%) or I,45tri-0- 

acetyl-2,3,5-tri-O-methyl-o-glucitol (ToM). 

Methylution ~rmlysi.~~“.--7’0 a sample of polysaccharide (2-3 mg) dissolved in 

MeIS (0.2 mL), powdered NaOH (20-30 mg) and iodomethane (0.2 mL) were 

added, and the mixture was stirred for 60 min at 20°C. The iodomethanc was 

removed under a stream of N,, and the mcthylatcd products were recovered by 

partitioning between CH,CIZ and water (five times). Methylated and reduced 

samples were hydrolyzed with trifluoroacetic acid (0.5 mL, 2 M) for 12 h at 100°C’. 

and the products were analysed by GLC-MS of their acctylated alditol derivatives. 

Sodiwn dodecpl sulfate (SDS) -polync.rylutnide gel ckrct~o1,ho~ilsi.s (I’,4 C I:‘). - LPS 

samples (1 pg) were analysed in 14% polyscrylamidc gels by clectrophorcsis in the 

presence of 2% SDS. Bands were detected using the silver-staining method of Tsai 

and Frasch”. 

NMR .spectra.mpy. -Spectra were obtained with solutions of polysaccharidcs 

(2.5 mg/mL) in DzO at 27°C using a Bruker AMX hOO spectromctcr. ‘H spectra. 

recorded at 600 MHz, were obtained using a spectral width of 2.6 kHz and a 90” 

pulse. Chemical shifts are expressed relative to internal acetone (2.715 ppm). 

Broad-band decoupled “C spectra (130 MHz) were obtnincd using a spectral 

width of 33 kHz and a 90” pulse employing WALTZ decoupling”. C’hcmical shifts 

are expressed relative to internal acetone (31.07 ppm). 

Homonuclcar 2D chemical-shift-correlated spectroscopy (COSY “‘) and nuclear 

Overhauser enhancement spectroscopy (NOESY”II were carried out as previously 

described”, using the conventional pulse sequences. Data was acquired over the 

full spectrum (sweep width 2600 Hz), or for the ring protons region (1250 Hz). 

Thirty-two scans were collected for each t, value. and a mixing time of 201) ms was 

employed for the NQESY experiment. 

Two-dimensional hcteronuclear carbon-proton chemical shift correlations were 

measured in the ‘H-detected mode via multiple quantum coherence [‘H(“C) 

HMQCI with a Brukcr j-mm inverse broad-band probe using rcversc electronics. 

The HMQC experiment employed the pulse sequence described by Bax”. and “C 

decoupling during ’ H acquisition was achieved using the GARY- I composite putsc 

sequenceJ?. 

Gefzerul methods. -Concentrations were made under reduced pressure below 

40°C. Optical rotations were determined at 20°C in IO-cm microtuhes using a 

Perkin-Elmer 243 polarimeter. 
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