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ABSTRACT 

The primary structure of the KIebsiella serotype 16 capsular polysaccharide 
consists of tetrasaccharide repeating-units comprising a -+3)-%-D-Gkp-( 1-+4)-p-D- 

GlcAp-(l-+4)-z-L-Fucp-(1 + chain with a /?-D-Galp-(I+ branch at position 4 of the 
o-glucosyl residue. 

INTRODUCTIOiX 

Of the 81’ different capsular heteropolysaccharides’ carrying the serological 
determinants for the Klebsiella K antigens3, 55 have been (e.g., Refs. 4-t?), or are 
being (e.g., Refs. 7 and S), subjected to pri-nary structural analyses. One of the 
remaining polysaccharides is the serotype-16 glycan, and we now report on its 
analysis. 

MATERtAL AND METHODS 

With the exception of those given in the following sections, all materials and 
methods have been described previously6.‘. 

Bacteria arld polysaccharide. - Klebsiella 2069149, the serological test-strain 
for the K16 capsular antigen2*3*‘“, was kindly supplied by Dr. Ida IZlrskov, WHO 
International Escherichia Centre, Statens Seruminstitut, Copenhagen; 30 g of dry 
bacteria were obtained’.’ from 100 large nutrient-agar plates, and thence 2.4 g 
(5%. wjw) of type-16 polysaccharide. 

Reduction of cat-boxy1 groups ill the po(l*.saccharide, and iu oiigoso:.~l~ciritl.~. -- 

Type-16 polysaccharide was reduced with I-cyclohexyl-3-(2-morpholinoethyl)- 

carbodiimide metho-p-toluenesulfonate (CMC) and sodium borohydride, as detailed 
by Taylor et al.’ ‘. “_ The same procedure was used for the reduction of the oligo- 
saccharides isolated after partial hydrolysis of the glycan with acid (see Table III). 
In the lat’.tr case, however, the solutions obtained after reaction with NaBH, and 

*To \vhom all correspondence should be addressed. 
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mild acidification were concentrated to about one-fifth volume, and subjected to 
paper eiectrophoresis ’ 3 (45 V/cm; 2-3 h) on Schleicher & Schiill (Dassel, GFR) 
paper no. 2043b with a volatile pyridine-glacial acetic acid-water (10:4:86, pH 5.3) 
buffer. The pure neutral products were recovered by elution of the base-line strips and 
lyophilization. 

RESULTS 

The sugar composition and some properties of the Klebsielfa serotype 16 
capsular poiysaccharide are recorded in Table I. As evidenced by paper electro- 
phoresis after acid hydrolysis’ and by the p.m.r. spectrum, or by g.1.c. after alkaline 
hydrolysis’&*’ ‘, respectively, the material dces not carry pyruvate acetal, or O-acetyl 
substituents. 

TABLE i 

SUGAR COhIPOSITION AhD SOhlE PROPERTIES OF 

Mebsiella SEROTYPE I6 CAPSULAR POLYSACCHARIDE 

POIJ- 
J accharide 

Molar ratios of constituent sup& 

D-Glch D-Gal’ L-F& mGIcAb 

So. solvent= Equicaient [z]$’ 
(1O-‘3 set) Iceighlr (degrees) 

Native” 1 SW 0.91’ 0.85’ 1.01 1) 1.8= n-d. t65 
2) 2.2 

Alkali- 
treated’ 1 .oo 0.89 0.8 1 0.99 1.7’ 605 f7’ 

Carboxyl- 
reduced’ 2.OOb 0.9Y o.s2 0.15 n.d. n.d. n-d. 

“Hexoses determined by g.1.c. of the alditol acetates16, and hexuronic acid by the carbazole-sulfuric 
acid method”. *About the same amount of D-glucose was determined in the hydrolyzate of the 
carboxyl-reduced polymer by using fungal o-glucose oxidase I* =About the same amount of galactose . 
was determined with D-gdktCtOSe dehydrogenase from Pselrdonlonaspc[orescens19. dA syrupy sample 
of the fucose &as levorotatory. ‘0.42% (w/v) solutions in phosphate-buffered, physiological saline 
were centrifuged; lihe other Enferobacteriaceae capsuIar poiysaccharides (see Ref. 9), the glycan did 
not sediment uniformly before mild alkali-treatment (see footnote j). /Obtained by titration of the 
acidic form of the polysaccharide’. % water (c 05). “As extracted from KIebsieIIa 2069/49 by the 
phenol-water-cetyltrimethylammonium bromide procedure9**0. ‘Maximtim amounts analyzed 
after hydrolysis for 15 h (Gic), 12 h (Gal), or 16 h (FUG) with 0.5~ H2SOs at 100”. ‘Treated with 
0.25~ aqueous NaOH at 56’ for 2 h 9. ‘Carboxyl-reduced by the method of Taylor ef 0l.l I. * *. 

As summarized in Table Ii, type-16 polysaccharide and the repeating-unit 

tetrauronic acid obtained therefrom (Table III) were permethylated”, and the 

methyiated monomers were analyzed by g.l.c.-m-s. of the alditol acetates22*23 - 
also after a subsequent reduction-dideuteration of the uranic acid methyl ester 
groups6*‘4. 

Furthermore, the acidic oligosaccharides obtained by partial hydrolysis of the 
glycan with acid were purified by paper electrophoresis and P_c.~*~, and analyzed as 
shown in Table III. 
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. 
TABLE II 

IDENTIFICATION AND RATIOS OF 0-ACFTYL-0-METHYLALDITOLS OBTAINED FROM 

Kkbsieh SEROTYPE 16 CAPSULAR POLYSACCHARIDE AND REPEATING-UNIT TETRASACCHARIDE 

Peracerate of” l-b Primary $a.qments found (m/e) I= II III Ii’ 

Lit. Found 45 II7 I61 203 205 233 261 305 Ratio of 
peak inregrafs 

2,3-FucOH 
2,3,4,6-GalOH 
2.3,6-GlcOH 
2,6-GIcOH 
2.3-GIcOH 

1.18 1.16 + + + 1.0 1.1 0.Y 0.8 
1.25 1.24 t t + + 0.9 0.x 1.0 1.0 
2.50 2.52 + + (+I + - -- I.1 1.1 
3.83 3.77 + t + 1.0 I.1 - - 
5.39 5.39 + + (263)” - 1.0 - 0.8 

“2,3-FucOH = 2,3-di-0-methyifucitol, etc. bRetention time. relative to peracetylated 2,3.4,6-GlcOH 
(T 1.00) and 2,3-GIcOH (T 5.39) in g.1.c. on an ECNSS-M column 22.23. =I. type-16 polysaccharidc. 
pcrmethylated; II, type-16 polysaccharide, permethylated, and reduced with calcium borodeuter- 
ideG*‘*; III, type-16 repeating-unit tetrasaccharide. as obtained by partial hydrolysis with acid 
(see Table III), permethylated; IV, type-16 tetrasaccharide, permethylated, and reduced with calcium 
borodeuteride. “Dideuterated fragment found instead of the normal one. 

TABLE III 

ACIDIC OLIGOSACCHARIDFS OBTAINED BY P4KTIAL HYDROLYSIS” ot 

Klebsiella SEROTYPE 16 CAPSULAR POLYSACCHARIDF WITH ACID 

Determinarion HZb H3 H4 

Yie!d (“/ of polysaccharide) 
Approximate molar ratio of sugar componentsc: 

D-Glucose 
u-Gaiactose 
r_-Fucose 
D-Glucuronic acid 

Reducing-end sugaP 
Ratio reducing/non-reducing hexoses’ 
Mobility in paper electrophoresis’ 

(relative to glucuronic acid) 
RGLC in p.c.” 
Enzymic hydrolysis by exo-glycosidasesh: 

a-D-Ghicosidase’ 
fi-o-Glucosidase’ 
r-o-Galactosidase’ 
j?-o-Galactosidase’ 
/3-D-Glucuronidase” 

6.1 

- 
- 
0.8 

1.0 
Fuc 
- 

0.69 0.50 0.3s 

0.64 0.30 0.12 

n.d. 
n.d. 
n.d. 
n.d. 
t 

7.5 

I .o 

0.9 
I.0 

Fuc 
I :o.ss 

+ 

n.d. 
n.d. 
n.d 

24.9 

1.0 

0.S 
I .o 
I .o 

Fuc 
1:I.W 

“50 min at 100’ in 0.5M H2S04 (optimal conditions, CJ? Refs. 6 and 9). “HZ, aldobiouronic acid; 
H3, aldotriouronic acid; H4, aldotetrauronic acid. ‘Hexoses by g.1.c. of the aiditol acetates’“: 
hexuronic acid by the carbazole-sulfuric acid method”. dIdentifed by g.1.c. as the alditol acetate. 
after reduction with NaBH,, hydrolysis, and preparation of the acetylated aldononitrrles from the 
other constituentsz5. eRatio of acetylated alditoI/aldononitriIes (see footnote d); the GlcA derivative 
is not recorded in the g.1.c. analysis empIoyedZ5. IAt pH 5.36.9*‘3. ¶Descending p.c. with ethyl 
acetate-glacial acetic acid-formic acid-Nater (18:3:1:4). “Before exposure to exo-giycosidases, the 
oligosaccharides were reduced with carbodiimide (CMC)NaBHJ according to Taylor ef al.*‘*” 
(see also Material and Methods). ‘a-Glucosidase from yeastg*26. J/3-Glucosidase from sweet 
almonds9*27. *z-Galactosidase from green coffee-bean?‘*‘*. ‘fl-Galactosidase from Escherichin 
wIi9*zs. mb-Glucuronidase from Helix ponmria9.30. 
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Finally, Table IV shows the results of p.m.r. spectroscopy of the acidic oligo- 

saccharides, and of type-l 6 glycan. 

TABLE IV 

P.M.R. SIGNALS OF ANOMERIC PROTONS AND FUCOSE METHYL PROTONS IN 

KlebsielJa SEROTYPE 16 OLIGOSACCHARIDES AND CAPSULAR POLYSACCHARIDE’; 

SUMMARY OF STRUCTURES 

OIigo- OT poly-succilaride 6 Approximate Proton 
ratio of assignrnent 
integra Is 

Aldobiouronic acid H? 
/3-~-Gk~p-(l_tl)-~-F~~ 

Aldotriouronic acid H36 
cx-D-Glcg-(l+&!?-~;GlcAp-(li4)- 

r-Fuc 

Aldotetrauronic acid H4’ 
b-D-Galp 

‘$4 
a-D-GIcp-(I-+4)+-o-GIc&-(l-w%)- 

L-FUC 

Type-16 polysaccharide 
B-D-GaIp 

‘$4 
--t3)-a-D-Glcp-(l-&)-/h-GkAp- 

(l--+-z-L-Fuc-(l- 

5.25 2.5 0.4 
4.60 7.0 
4.54 6.5 > 

1.7 

1.30 7.0 3.0 

5.47 3.5 1.0 
5.27 2.3 0.4 
4.56 7.0 0.6 
4.48 6.5 1.0 
1.34 6.8 3.0 

5.46 3.5 1.0 
5.24 3.5 0.4 

4.60 7.0 
4.51 8.0 

2.6 

1.30 7.0 3.0 

5.44 3.5 1.0 
5.28 3.0 1.0 
4.61 7.5 1.0 
4.47 8.0 1.0 
1.28 6.8 3.0 

a-L-Fuc 
/I-L-FUC 
JT-D-GkAp 
CHs of L-Fuc 

a-D-Gkp 
a-I_-Fuc 
j-L-Fuc 
/3-D-GkAp 
CHB of L-Fuc 

a-D-Glcp 
a+Fuc 
j?-L-FUC 
b-D-GaIp 
/3-D-GkAp 
CHs of L-FUC 

a-D-Gkp 
z-L-Fucp 
j?-D-GaIp 
fl-D-GkAp 

CHs of L-FUC 

“I-4% (w/v) solutions in absolute deuterium oxide were run at 70” and 90 MHz?. *Compare Table III. 

In agreement with the results of Nimmich”, the Klebsiella serotype 16 capsular 
polysaccharide was found to contain D-glucose, D-galactose, L-fucose, and D- 

glucuronic acid (Table I). 
The quantitative constituent analyses (Table I), the results of methylation- 

p.l.c.-m.s. (Table II) and of p.m.r. spectroscopy of the polymer (Table IV, bottom), 
as well as the isolation of tetrasaccharide H4 by partial hydrolysis with acid (Table III), 
show that the type-16 glycan consists of tetrasaccharide repeating-units containing 
one residue each of unsubstituted galactose, 3,4-disubstituted g!ucose, 4- 
substituted $ucuronic acid, and 4-substituted fucose. From these data, it follows that 
the repeating unit must be branched, with a chain glucosyl residue carrying the branch 
that terminates in a galactosyl unit. 

As summarized in Table IV, the sequence of these constituents in the repeating 

unit can be deduced from the analyses of the type-16 aldobiouronic, aldotriouronic. 
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and aldotetrauronic acids recorded in Table III. and from the results of methylation- 
g.l.c.-m.s. of the aldotetrauronic acid (Table II, columns III and IV), which shrew that 
the glucosyl residue carries the branch galactosyl unit at position 4, and pence the 
chain fucosyl residue at position 3. 

The anomeric configurations of the glycosidic linkages follow from the results 
of exo-glycosidase treatment of the oligosaccharides (Table 111). and from th f p.m.r. 
data3’ (Table IV). 

The complete primary structure of the Klehsiella serotype 16 capsular poly- 
saccharidc is shown at the bottom of Table IV. 
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