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For the depolymerisation of polysaccharides, chemical* and enzymic2 
approaches are available. The enzymic methods are mainly based on the use of 
endo-glycanases2, yielding oligosaccharides. Several polysaccharides containing 4- 

linked hexuronic acids can be cleaved with lyases, leading to oligosaccharides 

having terminal unsaturated hex-Cenuronic acid residues’-“. Bacteriophage- 
associated lyases have also been describedsm7. 

For Klebsiellu capsular polysaccharides, including serotype 5, bacteriophage- 

borne depolymerases have been studied extensively”J, but there has been no 
indication of the nature of the cleavage, i.e., endo-glycanase versus lyase activity. 

We now describe a bacteriophage-associated lyase which cleaves the Klebsiellu 
serotype 5 capsular polysaccharide. Part of these data have been reported in a 
preliminary communication9. 

Klebsiellu serotype 5 capsular polysaccharide consists of a linear trisaccharide 
repeating-unit containing D-glucose, D-glucuronic acid, and D-mannose, with 
additional pyruvate and 0-acetyl groupsr” (1). 
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Detailed conformational studies using o.r.d.“, cd.“, and X-ray diffraction12 
have been published. The reported phage-associated depolymerase splits 
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specifically the (f+4) linkage between Man and GlcA, as was established by 
identification of the reducing unit*. 

Incubation of the capsular polysaccharide of Kkbsiellu serotype 5 with 
bacteriophage 45’ from sewage yielded a mixture of oligosaccharides, showing a 
strong absorption at A 3,” 230 nm indicative of a conjugated double-bond systemr3. 

This mixture was fractionated on Sephadex G-25, and the fraction having the 
highest retention time was further fractionated on Bio-Gel P-4 to give a major and 
a minor fraction. The major fraction was purified by f.p.1.c. on Mono Q and shown 
to be an unsaturated trisaccharide. 

The sugar analysis data of the major fraction, before and after borohydride 
reduction, are presented in Table I together with data for the native polysaccharide. 

Methanolysis cleaved only 30% of the pyruvate methyl ester group attached to the 
Man residue, as was established by g.l.c.-m.s. Therefore, the routine methanolysis 
procedure14J5 was preceded by a hydrolysis. The major fraction contained equal 
amounts of Glc and Man, with Man as the reducing terminus (GlcA was not 
present), and had A,,,& H O 230 nm, a value reported earlier for hex-4enopyranuronic 
acid-containing oligosaccharides r3. Unsaturated hexuronic acids are known to be 
degraded in the sugar analysis procedure used. Based on the reported structure of 
the native polysaccharide, these results suggest the major fraction to be an 
unsaturated trisaccharide of the core structure P-Hex-iF-enepA-(l-t4)-gD-Glcp- 
(l-+3)-D-Man. 

The structure of the 0-deacetylated trisaccharide was obtained from the 500- 
MHz ‘H-n.m.r. spectrum (Fig. 1 and Table II). The 0-deacetylation with ammonia 
was carried out because the ‘H-n.m.r. spectrum of the native oligosaccharide 
indicated only 20% 0-acetylation (8 2.054) and the peak patterns in the structural- 
reporter group region were complex. 

In the anomeric region (6 4.4-5.5) of the spectrum, there were four distinct 
signals at S 5.202 (Jr,* 1.8 Hz; cr-Man H-l), 4.943 (J1,2 0.9 Hz; @-Man H-l; +-ratio 
-3:2), 4.642 (J1,2 8.1 Hz; PGlc H-l), and 5.136 (Jr,* 5.9 Hz; Hex-4-enepA H-l). 

The unsaturated nature of the last unit is indicated by the doublet for H-4 at 6 5.827 
(Js,4 3.6 HYz)r6. The Jr,, value (5.9 Hz) observed for H-l of Hex-4-enepA points to 
quasi-diaxial orientation16 of H-1,2, which accords with the /3 configuration 
expected from the structure of the native polysaccharide. Comparable chemical 

TABLE I 

SUGAR ANALYSIS DATA OF THE CAPSULAR POLYSACCHARIDE OF Klebsiella SERO’IYPE 5 [K!j(PS)] AND THE 

UNSATUFM’IXD TRISACCHARIDE K5(45’) OBTAINED BY PHAGE-CLEAVAGE FROM KS(PS), BEFORE AND 

AFTER SODIUM BOROHYDRIDE REDUCTION 

GZcA Gic 

1.0 1.1 
- I*0 
- 1.0 
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TABLE 11 

‘H-N.M.R SPECTRAL DATA FOR THE Kiebsiella CAPSULAR POLYSACCHARIDE TYPE KS-DERIVED, 
UNSATURATED, 0-DEACETYLATED TRISACCHARIDE 

a-Manp H-l 5.202 1.8 
P_Manp H- 1 4.943 0.9 
/3-Glcp H-l 4.642 8.1 
/?-Hex-4-enepA H-l 5.136 5.9 

H-4 5.827 3.6 
Pyruvate Me 1.478 - 

shifts of the signals for H-l and H-4 have been observed for /3-Hex-4-enepA (1+3)- 
linked to GalNAc in chondroitinase-degraded chondroitin sulfates, like the Swarm 
rat chondrosarcoma proteoglycan and the C6S-proteoglycan from human 
atherosclerotic aorta”. The a-Hex-4-enepA-(1+4)-o-GalpA, obtained from lyase- 
degraded pectin, gave a similar doublet for H-4 of a-Hex-4-enepA at 6 5.788 (J3,4 
3.5 Hz), and a doublet for H-l of a-Hex4-enepA at 6 5.107 (51,2 2.0 Hz). Finally, 
the trisaccharide contains a pyruvate group linked to C-4 and C-6 of Man; the 
pyruvate Me singlet is found at S 1.478 in accordance with the S configuration18. 

Catalytic hydrogenation (Pd/C) of the trisaccharide gave a product having no 
U.V. absorption at 230 nm. Sugar analysis gave, in addition to Glc and Man, four 
unknown peaks at RMannitol 0.40, 0.43, 0.48, and 0.51 in the ratios 9:13:1:1. The 
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Fig. 2. E.i. mass spectrum (70 eV) of 4-deoxy-2,3-di-0-trimethylsilylhexuronic acid methyl ester methyl 
glycoside. 
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mass spectra of these four products were similar (Fig. 2) and indicated LE./~-4- 
deoxyhexuronic acid methyl ester methyl glycosides. Sugar analysis of 

hydrogenated cw-Hex-4-enepA-( f-+4)-D-GalpA gave identical 4-deoxyhexuronic 
acid derivatives. 

Thus, the ~~~~~iell~ K5 capsular polysa~charide depolymerase from 
bacteriophage #5’ has to be classified as a lyase. Although many bacteriophage- 
associated polysaccharide-degrading enzymes act on polysaccharides possessing 4- 
O-substituted hexuronic acid residues, most of them have not been adequately 
characterised. In this context, it is interesting to note that the repeating unit of 

I(lebsieifa K22 capsular polysaccharide has been proposed to contain a natural@ 
occurring Hex-4-enepA residues. 

EXPERIMENTAL 

~~~~si~l~~ serotype R5 (strain NCTC 9660) was grown on Worfel Ferguson 
Agar (Difco Laboratories). The capsular poiysaccharide K5 was isolatedlv by the 
phenol-water-Cetavlon method. Bacteriophage $6’ was obtained from sewage 
following standard procedures 2Q. High-titre phage stocks (1 .10t2 phages/mL) were 

prepared by DIAFLO ultrafiltration (HIP~OO, nominal molecular weight cut-off: 
l~,~; Amicon Corp.) and purified by subsequent isopycnic centrifugation 

through a continuous C&Cl gradientzO. 
K5 polysaccharide (92 mg) was depoIyme~sed by incubation with $5’ 

bacteriophage (1 mL; 1. 1Or2 phagesiml) in aqueous 1% ammonium acetate buffer 
(pH 7.2-7.5) at 37” for 48 h. The resulting oligosaccharide mixture was etuted from 

a column (2.5 x 135 cm) of Sephadex G-25 ~medium) with water (SS-80% 
recovery). For the isolation of the unsaturated trisaccharide, additional fractiona- 
tions were successively carried out on a column (2 x 120 cm) of Bio-Gel P-4 (-400 
mesh), using water as eluent and refractive index detection, and on a Mono Q HR 
515 column (f.p.l.c., Pharmacia), using a 0-0.5~ NaCI gradient with U.V. detection 
(214 nm). 

Sugar analyses were carried out by g.1.c. on a CPsilS WCOT fused-silica 

capillary column (25 m x 0.32 mm i.d.), using a Varian Aerograph 3700 gas 
chromatograph *I. Trimethylsilylated sugar derivatives were obtained by hydrolysis 

(4M HCl, 2 h, 100°) followed by methanolysis 15J1, O-Deacetylation was effected 

with aqueous ammonia (pH It) for 6 h at room temperature. The solution was then 
concentrated to dryness and the trisaccharide was obtained by gel ~~trat~o~ on Bio- 
Gel P-2. 

500”MHz ‘It-[-N.m.r. spectroscopy was carried out after repeated dissolution 
of the trisaccharide in D,O and lyophilisation. A Bruker WM-500 spectrometer 
(SON hf-n.m.r. facility, Department of BiophysicaI Chemistry, University of 

Nijmegen, The Netherlands), operating in the pulsed Fourier-transform mode at a 
probe temperature of 27” and equipped with a Bruker Aspect-20f)O computer, was 
used. Chemical shifts (8) are expressed in p.p.m. downfield from the signal for 



NOTE 343 

internal sodium 4~4-dim~thyl-4-silapentane-1-sulfonate, and measured by reference 
to internal acetone (6 2,225). 

Hydrogenation was carried out in water over Pd/C (10%) for 2 h at room 
temperature. 

U.V. absorptions (300-200 nm) were measured on a Hewlett-Packard 84.50 A 
diode array spectrophotometer. 

E.i. mass spectra (70 eV) of the trimethybilylated methanolysis products 
were recorded on a Carlo Erba GCYKratos MS 80fKratos DS55 system [accelerating 
voltage, 2.7 kV; ionising current, 100 @; ion-source temperature, 225”; CPsiffi 
WCOT fused-silica capillary column (25 m x 0.32 mm, i.d.)]. 
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