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microbial metabolism are at least two biological 
products important in rendering insoluble phos
phates available. Research is continuing on other 
bacterial and fungal isolates. 

I wish to thank Mrs. L. E. R. Rogers for taking 
X-ray patterns and identifying the precipitate from 
calcium chloride and di-potassium phosphate as very 
finely crystalline hydroxyapatite. 
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Pathway of the Synthesis of Fucose from 
Glucose in Klebsiella aerogenes 

IT is possible to obtain evidence for the synthetic 
pathway of a monosaccharide by detennining its 
isotopic labelling in a suitable polysaccharide which 
ha.,; been produced from a labelled substrate. Experi
ments were undertaken to determine the synthetic 
pathway of fucose using a fucose-containing extra
cellular bacterial polysaccharide which was produced 
from labelled glucose and methionine as the sole 
carbon and energy sources. 

A washed suspension containing about 0·5 mgm. 
total cell nitrogen per ml. of a slime-forming strain 
of type 54 Klebsiella aerogenes (A3 'Sl') was prepared 
from a nitrogen-deficient solid medium'. It was 
aerated for 6 hr. at 30° in 250 ml. of a medium 
containing O·l per cent glucose, 0·001 per cent 
methionine, 0·001 per cent magnesium chloride, 
0·0001 per cent calcium chloride and 0·2 M sodium 
phosphate-potassium phosphate buffer pH 7 ·2. The 
extracellular type-specific polysaccharide was isolated, 
purified, hydrolysed and the component sugars 
(D-glucose, D-glucuronic acid and L-fucose) isolated as 
described previously•. The labelling on each carbon 
of glucose was detennined using the Leuconostoc 
mesenteroides method 3 and on C6 of glucuronic acid 
by decarboxylation with hydrochloric acid•. Fucose 
was degraded by periodate oxidation to give formic 
acid (Cl-4) and aceta.ldehyde (05-6). The acetalde
hyde was oxidized to acetic acid which was degraded 
to give 05 and 06 separately•. 

Experiments using unlabelled glucose and 14CH 3 -

Iabelled methionine (100 µ.c.) as the carbon and 
energy sources for synthesis showed little radio
activity incorporated into the polysa.ccharide (less 
than O ·01 per cent conversion) and no increased 
labelling of the methyl group of fucose compared with 
the rest of the polysaccharide. This result indicated 
that fucose is probably not formed by methylation 
of the corresponding pentose. Experiments using 
unlabelled methionine and either glucose-1- 140 or 
glucosc-6- 140 (200 µ.c.) gave a yield of radioactivity 
in the purified polysaccharides of 12 · l and 13 ·2 per 

Table 1. PER CENT DISTRIBUTION OF RADIOACTIVITY IN MON0-
8.\CCHARIDES DERIVED PROK TYPE 54 Kkbriella aerogenes POLY
SACCHARIDE AFTER INCUBATION WITH GLUCOSE·l-"C OR GLUCOSE-

6M11C 

Glucose-6-"C 
----'----- - - --·------- - ·-- · 

Carbon I Glu- Glu-
atom _ Glucose c~idic }'ucose Glucose ct:~,~dic Fucose 

I _I 08·7 j 13-7 
2 1-2 I 1 ·4 

1 fg I ~:i 
5 1 · 1 - 1 ·6 1 ·2 0 ·9 
6 19·0 18·6 20·3 72·9 6\J·2 71·5 

Average 
1-4 19·6 18·5 6-4 5·2 

cent respectively. The distribution of carbon-14 in 
the component sugars is shown in Table 1. 

It is evident that the distribution of labelling in 
the three sugB,rs is very similar, so far as the experi
mental method can determine. This suggests that 
glucuronic acid and fucose are probably derived from 
glucose without a splitting of the carbon chain and 
without a reversal of the molecule. The result with 
glucuronic acid was expected from a knowledge of its 
synthetic pathway• and agrees with previous result.s 
obtained with Streptococcus pyogenes•. Howeve>r, 
conversion from D-glucose to L-fucose without split
ting or inversion of the carbon chain involves a 
Walden inversion of three carbon atoms as well a.s 
reduction of 06 to a methyl group-- a very surprising 
metabolic pathway. 

CHO 1 CHO 
I 

H-l!-OH 2 
I 

HO-U-H 
I 

H-6-0H HO-C-H 3 
I 

H-C-OH 4 H-6-0H 
I I 

H-C-OH 5 HO~C-H 
I I 

CH20H 6 CH3 

D-Glucose L-Fucose 

Similar results showing a conversion of D-glucose 
to L-fucose without a change in carbon chain have 
been obtained recently by Heath and Roseman (in 
the press). They degraded the fucose of the extra
cellular polysaccharide by periodate oxidation of the 
benzimidazole compound in order to get Cl, 2, 5 
and 6 separately. As their results are reported in 
detail, those presented in this communication will not 
be published further. 

The experiments described above were carried out 
during 1955 at the Berkeley campus of the University 
of California. I am indebted to the Rockefeller 
Foundation for a fellowship during this period. 
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