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ABSTRACT 

The O-specific polysaccharide, obtained by mild acid degradation of the lipopolysaccharide of 
Francisella tularensis strain 15, contained 2-acetamido-2,6-dideoxy-o-glucose (o-QuiNAc), 4,6-dideoxy-4- 

formamido-D-glucose (o-Qui4NFm), and 2-acetamido-2-deoxy-o-galacturonamide (o-GalNAcAN) in the 
ratios 1:1:2. Tri- and tetra-saccharide fragments were obtained on treatment of the polysaccharide with 
anhydrous hydrogen fluoride and partial hydrolysis with O.lM hydrochloric acid, respectively. On the basis 
of ‘H- and “C-n.m.r. spectroscopy of the polysaccharide and the saccharides, it was concluded that the 
O-antigen had the structure: 
+4)-a-o-GalpNAcAN-(1 -t4)-a-o-GalpNAcAN-(l-+3)-B-o-QuipNAc-( l-+2)-b-o-Quip4NFm-( I+. 
This O-antigen is related in structure to those of Pseudomonas aeruginosa 06, immunotype 1, and IID 1008, 
and Shigella dysenteriae type I. 

INTRODUCTION 

Francis&a tularensis is a small Gram-negative coccobacillus which causes tulare- 
mia, a zoonotic disease that occurs endemically in latitudes 30-70” North’. Two main 
biovars of F. tularensis (tularensis, type A, andpafaearctica, type B), that differ only in a 
few biochemical characteristics, are known’,“. No antigenic difference between these two 
biovars and no serologically distinct types among strains of F. tularensis have been 
found, and no detailed chemical study of their O-antigens (lipopolysaccharides), which 
are widely used for diagnostics of tularemia, has been carried out. 

We now report the structure of the 0-antigenic polysaccharide of the lipopoly- 
saccharide of F. tularensis biovar palaearctica strain 15 used for the production of 
vaccine. 
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TABLE I 

“C-N.m.r. data” (6 in p.p.m.) 

Compound C-l c-2 c-3 c-4 C-5 C-6 

2-Acelamido-2-deo.~~-~~-gaiucturonamide (unit A) 
4 99.1 50.5 68.2 70.0 
5h 99.8 50.5 68.3 70.0 
6 99.2 51.1 69.0 79.9 
7 99.2 51.0 68.9 79.8 
8 98.6 52.2 68.8 80.5 

2-Acylaminu-2-deoxy-u-gulact-uranic acid or -uronamide (unir B) 
4 100.2 50.5 67.5 16.5 
sh 99.0 49.3 61.7 76.5 
6 100.2 50.6 67.6 76.6 
I 100.2 50.6 67.5 16.6 
8 99.4 50.7 67.9 76.4 

2-Acetamidv-2.6-dide~~xy-D-glucosf or -glucirol (unit C) 
4 61.6 55.2 75.4 77.9 
Sh 61.7 54.1 75.6 77.1 
6 61.1 55.2 75.5 78.0 
7 61.6 55.2 75.4 18.0 
8 102.6 56.2 81.1 11.5 

4.6-Dideoxy-4:formamido- or 4-amino-4,6-dideoxy-D-glucose (unit D) 
1% 93.2 73.2 71.4 56.8 

B 97.0 75.9 74.6 56.7 
6 105.1 15.5 74.4 56.7 
7 105.0 75.3 72.9 58.1 
8 103.8 81.6 75.6 51.3 

12.5 
72.6 
72.0 
71.9 
71.8 174.0 

71.9 

72.1 

72.0 

71.9 

71.8 174.1 

67.5 20.2 
67.9 19.6 
61.5 20.2 
67.4 20.2 
13.0 17.5 

67.5 18.1 
72.0 18.1 
72.0 18.1 
69.9 18.0 
71.8 18.0 

’ Additional signals: NAc at 23.1-23.3 (Me) and 174.8-175.8 p.p.m, (C =O), NCHO at 165.9-166.0 and 

168.8-I 68.9 p.p.m. (E and Z forms). h Data from ref. 8. 
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and IX. 1 p.p.m. (C-6r,IJ)] and one NCHC) group [Eand Zforms: 8.01 and X. 19 f2 s. (‘HI. 

165.9 and 168.9 p.p.m. (CW)]. 

The J,,,, , values for 1 (Table II) were characteristic for x and /I anomers of a 

hexopyranose that had the glutn configuration. The “C‘-n.m.r. data (Table I) for the 

ring carbons of1 were similar to those of4,6-dideoxy-3-gl~cylamino-l~-glucose isolated 

from the O-specific polysaccharide of S”higd!o rlJxwtc~riuc~ ?yptz 7. The respective [x],, 

values [~+ 57 and -t 125’ (water)1 of 1 and 4.6-dideox~-4-~l~cvl;~minc~~-r,-giuc(~~~ in- 

dicated 1 to be ;i 1) sugar. 

‘Therefore. one of the components of the polysaccharidc ws J.h-dideoxy-4- 

formamido-r)-glucose. apparently not found hitherto in Nature. I-;rom the tdentitica- 

tion of 1, it followed that the other amino sugar constituertts nfthe pol~saccharide were 

N-acetylated. 
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Reduction of 2 with sodium borohydride gave the trisaccharide-aldito14. The 13C- 
(Table I) and ‘H-n.m.r. (Table II) data showed that 4 contained 3 NAc groups. The 
‘H-n.m.r. spectrum of 4 was assigned with the help of sequential, selective spin- 
decoupling experiments. The JH,u values of the hexopyranose residues (units A and B) 
were characteristic for a-galactopyranose. The signals for H-5 (d with J4,5 1.5 Hz and a 
bs) showed the absence of protons at C-6, and indicated units A and B to be derivatives 
of galacturonic acid. 

The use of selective heteronuclear 13C--‘H double resonance demonstrated that 
C-2 of units A and B resonated at 50.5 p.p.m. Hence, they carried nitrogen and, 

therefore, were residues of 2-acetamido-2-deoxygalacturonic acid. The alditol residue 
(unit C) of 4 was derived from 2-acetamido-2,Gdideoxyglucose (see above). 

On irradiation of H-l of unit A at 5.07 p.p.m., an n.0.e. was observed on H-4 of 
unit B at 4.48 p.p.m., and irradiation of H-l of unit B at 5.28 p.p.m. caused an n.0.e. on 
H-3 of unit C at 4.11 p.p.m. These data proved that unit B was 4-substituted by unit A 
and that unit C was 3-substituted by unit B. 

The ‘3C-n.m.r. spectrum (Table I) showed that 4 resembled the trisaccharide- 
aldito15, prepared* by solvolysis with anhydrous hydrogen fluoride of the O-specific 
polysaccharides of Pseudomonas aeruginosa immunotype 1 followed by borohydride 
reduction, with the exception that the N-formyl group in 5 was replaced by an N-acetyl 
group in 4. Compound 4 was neutral in anion-exchange chromatography and, there- 
fore, both uranic acid residues were in the amide form. This conclusion was confirmed 
by reversed-phase h.p.l.c., where 4 had a retention time that was the same as that of an 
authentic sample prepared from 5 by N-deformylation followed by N-acetylation. The 
[a], values of 4 and 5 were similar [respectively, + 140” and + 13 1.6” (water)] as were the 
‘3C-n.m.r. spectra, which are sensitive to the relative absolute configuration of the 
monosaccharide components of oligosaccharides’. Thus, as in 5, each constituent sugar 

in 4 was D and its structure, and consequently that of 2, are as depicted. 
Partial hydrolysis of the polysaccharide with 0.1~ hydrochloric acid yielded two 

main tetrasaccharides, which were isolated by gel-permeation chromatography on TSK 
HW 40 and reduced with sodium borohydride to give the alditol derivatives 6 (minor) 
and 7 (major). 

The 13C-n.m.r. spectra (Table I) showed 6 and 7 to be tetrasaccharide-alditols 

which differed only in the presence or absence of the N-formyl group (signals at 165.9 
and 168.9 p.p.m. for 6) on the 4-amino-4,6-dideoxyglucose residue (unit D). The 
‘H-n.m.r. spectrum of 7 was interpreted completely by using sequential, selective 
spin-decoupling experiments (Table II). The J,,, value of 8 Hz proved unit D to be /I. The 
n.0.e. on H-4ofunitAat4.50p.p.m., onirradiation ofH-1 ofunit Dat4.56p.p.m., 

indicated that the latter was 4-linked to the former. This conclusion accorded with the 
displacement of the signal for C-4 of unit A of 4 from 70.0 p.p.m. to 79.8-79.9 p.p.m. for 

6 and 7 caused by 4-glycosylation’. 
Therefore, 6 and 7 differed from 4 by the presence at the non-reducing end of a 

4,6-dideoxy-4-formamido- or 4-amino-4,6-dideoxy$-D-glucopyranose residue. Thus, 6 
was the alditol derivative of the repeating unit of the polysaccharide. 
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the saccharides (internal acetone, ‘H 2.24, 13C 31.45 p.p.m.). Optical rotations were 
measured with a JASCO DIP 300 polarimeter for solutions in water at 25”. 

G.1.c. was performed with a Hewlett--Packard 5890 instrument equipped with a 
flame-ionisation detector, using a glass capillary column (0.2 mm x 25 m) coated with 
OV-1. Gel-permeation chromatography was performed (a) on a column (3.5 x 70 cm) 

of Sephadex G-50, using a pyridine acetate buffer (pH 5.5), with monitoring by the 
orcinol-sulfuric acid reaction using a Technicon sugar analyser; or (b) by elution from a 
column (80 x 1.6 cm) of TSK HW 40 (S) with water and monitoring with a Knauer 
differential refractometer. H.p.1.c. was performed on acolumn (30 x 0.8 cm) ofsilasorb 
SPH C18, using 0.05% trifluoroacetic acid in aqueous 24% methanol and monitoring 

by a Knauer variable wavelength monitor at 220 nm. Analysis of amino sugars was 
performed with a BC-200 amino acid analyser in 0.35~ sodium citrate buffer (pH 5.28) 
under standard conditions. P.c. was carried out on FN-11 paper, using pyridine-l- 
butanol-water (6:4:3) with detection by alkaline silver nitrate. 

Bacterium and growth. - Strain 15 of F. tularensis biovar palaearctica was 
cultivated for 24 h at 37” on a solid medium (erythritol agar supplemented with cystine, 
glucose, vitamins, and tryptic hydrolysate of “black albumin”, produced in the All- 



Union Institute of Applied Microbiology). Deep cultivation was carried out in 3 li2-L 

Electrolux fermenter (Sweden) for 1618 hat 37” on a medium that contained sulphuric 

acid hydrolysate of fish-bone flour supplemented with saIt3. vitamins. cystine. IIII~ 

r)-glucose (All-Union Institute of Applied Microbiology). Hacteri;ll cells MXIY h:tr\rrsr- 

ed. centrifuged at 15,OOOy fk 40 rnin at 4 . and dried with ;~cc~~~IIz. 

I~voiufion of‘tfzr 1ip/~~~t~~~~.s~~t~t~f~(~ri~i~ md rhc O-.vpet,~fit~ p$1’,5iit c hridc. Acrtonr- 

dried bacterial cells were extracted with hot aqueous phenol”. :~ntf the extract ~1s 

dialysed without separation of the phenol and aqueous layers. rhrn centrifuged. The pH 

ofthe supernatant solution was adjusted to 2.5 w-ith ;iqueous L(~%J trichitrroacet~c ,tcid in 

order to prccipitats protein and nucleic acid contaminants, and the ~oiuti<~rl \~a’; 

dialysed and freeze-dried 

The resulting lipopolysaccharide was cleaved with aqueous 1 “O acetic acid ( 100 . 

3.5 h), the lipid was remc-Fx;eci by centrifugation, the supernalant ~?Iutl~n wit\ c~~ncen- 

trated, and the O-specitic polysacch:tride was isolated h!. gel-permeation chromuto- 

graphy on Sephrtdex G-50. 

Mono.vuc~~hrrriti~~ c,nn~~~~)silion. The polysacchnride (1 mpl was hydrolysrd with 

4~ hydrochloric acid (4 h. 100 ), the hydrolysate ~~3sconceritr3trd. ltnd the residue MS 

analysed using the amino acid analyser and g.1.c. of the derived alditol acetates Part nl 

the hydrolysate was deaminated with nitrous acid” . ;inri 111~ products M-CI‘C coni,crted 

into alditoi acetates. and anaiysed by g.i.c. 

Solcol~~.cis n,irh urrlr :-tlrcitr,~ II t~drogiw ,f-iutwi&. Anhydrous hydrogen f-luoride 

( - 10 mL) was added to the polyskcharide (60 mg). the rmsrurr was stirred for- 2 h at 

room temperature, then poured into cold ether (200 ml..). ‘The prccipitat< was collected 

on a stainless-steef filter. washed several times with cold ether. and dissolved in water. 

and the trisaccharidc 2 I 1 5 mg] and 4,6~-tlideoxy-3-form~~mitio-~~-~~ucosr~ (I. 4 mg) u UC 

isolated by gel-permeation chromatography on ‘T”SK [1[W $6 

After purification b> preparative p~c., I had [xl,, + 57 (C 0.5). The ‘H- and 

“C-n.m.r. data are shown in Tables I and Ii. The alditoj acetate 3 \Viih obtained 

conventionally. Mass spectrum: MI;: 41 ( 100%). X4 (501, X7 (3 I ). 98 (35). 1 I4 (29). 126 

(22). 127(28), 128(21). 144(11), 154(13). 15X(11). 16X(lFj, 169ilij, 171il41. Itihl21). 

18?j15).2i4(11).228~itr~,24h(17),27~~17).3XX(i’;,i. 

Reduction of 2 with sodium borohydridc followed by gel-permeation chromato- 

graphy on TSK HW 40 gave the trisacch;lritie-alditoi 4, IX],, t IJO iL 1.6). The ‘Fl- and 

“C-n.m.r. data are given in Tables I and II. 

Prrrtiol ac,ici h_vdrroi_~~si.i. The polysaccharide !60 mg) was heated in 0.1~ 

hydrochloric acid (100 . 0.3 h) and the hydrolysulc was conoentratcd. The producrs 

were subjected to gel-permeation chromatography on TSK HW 40, reduced with 

sodium borohydride. and desalted as above, to give 6 (5 mg) anif 7 i ih rng). The Hattct 

was purified by h.p.1.c. and ;rn:r!vsed by ‘IH- and i-‘C’-n.n~.i- ~pcctra)s~‘vp> ~‘T’:~bles f and 

II). 
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