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Preliminary Notes 
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Enzymic transfer of rhamnosyl units from thymicline diphosphate 
rhamnose to bacterial cell-wall fragments 

111 microorganisms, rhamnose ,,)ccurs as a c(mstituent ()f the cell-wall heterol)oly- 
saccharides 1,'-', as the carbohydrate moiety of glycolipids:~, 4, and as the carbohydrate 
component of certain endotoxins". The thynfidine dil)hospliate hexose pathway is 

• rhamn . (-a,6 earlier report now well estabhshed' " as the route (,r.. biosynthesis of os ",°. . In an 
fi'om this laboratory 7, it was suggested that  thy'midine diphosphate rhamn()se serves 
as a donor of rhamn()svl units for the synthesis of cell-wall polysaccharides. Experi- 
mental verification of this suggestion has now been aclfieved. VW-labeled rhanmose 
from thymidine diphosphate rhamnose was transferred bv an enzyme extract from 
Sireptococcus faecalis to cell-wall fragments. The accept()r compound in the cell wall 
was a rhamnose-containing polysaccharidc. Examination ()f an acid hvdrolvsate of 
a preparation of the polysaccharide sh()wcd that  glucose, galactose, galactosanfine 
and some vet unidentified components, in additi(m to rhanmose, were pie. ent ~n the 
hydrolysate. A detailcd structural characterization of the cell-wall p()lysaccharid(' is 
in progress. Herein are presented the results of experiments on the transfer (,f rham- 
nosvl units from thynfidine diphosphate rhamnose to the cell-wall tragments. 

The thvmidine diphosphate rhanmose labeled with 1.1(" in the rhamn()se m()ietv 
was prepared from thynfidine triph,)sphate and I)-a-gluc()s('-I-I ) unif()rmlv lal)eled 
with 14C by use ()f the thvnfidylyltransferase and r('lated enzvnws fr()m S.faecalis"-. 
Since it is difficult to separate the thymidine diphc)sphate rhanmose from thymidine 
diphosphate glucose, the preparation of labeled thymidine dipho:,;pliate rhamn()se 
employed in these experiments also contained about 2o % ()f labeled thvmidine di- 
phosphate glucose. Enzyme extracts were prepared bv breaking washed S.faecalis 
cells with a Brans()n s(mifier in a l)utter s()lution ()f o.o5 M Tris ()r o.I M phosphate 
containing o.oI M magnesium chloride -rod o.oi M nlercaptoethanol. The material 
from the sonifier was employed as the enzyme I)reparati<)n and as a source ()f cell-wall 
fragments with endogenous acceptor cites for th(, rhamnosyl units. In an at tempt 
t o '  • , s mcr(a, e the number of available acceptor sites, acid-modified cell-wall fragments 
of S. faecalis were also added in Expt. 3, The cell-wall fragments from 2 1 of S. faecalis 
culture were obtaincd by differential centrifugation and w<.re hydrolyzed with o.I N 
sulfuric acid for I h at IOO °. The resulting acid-modified cell-wall fragments were 
exhaustively, washed with water and adju.' st((l, t() pH 7 with phospha.te lmffer and 
included in the incubation mixture. 

A typical reaction mixture was pret)ared as fl)lh)ws: A saml)h' ()f t4C-lal)(l-,,I 
thymidine diphosphate rhamn()se prel)arati()n (total radi()activit.v 3 ° ()oo counts/rain} 

) • ~ ( i  was dissolved in 0.5 ml of phosphate 1)uffer ()f p i t  7 and 1.5 nil of (nz~ m extract 
anti cell-wall fragments were added. After incubation at room temperattm' !or () h, 

lltochim. B~op~(:,.~..,Icla, 74 (i0°3) 788 7 q° 



PRELIMINARY NOTES 789 

the cell-wall fragments were reisolated by centrifugation and washed three times with 
phosphate buffer and twice more with water to insure removal of any labeled thymi- 
dine diphosphate hexoses adsorbed or occluded in the cell-wall fragments. Control 
reaction mL'~tures were also prepared with enzyme extract inactivated by heat or 
by phosphotungstate. In all experiments the cell-wall fragments from the final 
washing were transferred to planchets, taken to dryness in a vacuum desiccator and 
the radioactivities were measured in a windowless gas-flow counter. Data from three 
experiments are recorded in Table I. 

T A B L E  I 

IRADIOACTIVITIES (counts/rain) OF CELL-WALL FRAGMENTS AFTER INCUBATION 

WITH !14C',dt~'|'DP-RHAMNOSE ANt) S. faecal i s  ENZYMIr~ I?,XTRACT 

Expt. I F.t'pt. ~, E rpt..~ 

Complete  sys tem "7-t 3 ('8 4 t t 
Inac t ive  enzyme  e x t r a c t  49 27 ! 7 

The labeled cell-wall fragments from Expt. 3 were suspended in 2 ml of I N 
hydrochloric acid and beated at IOO ° for 2 h. Qualitative paper chromatograms 
developed by two ascents in a solvent system of n-butyl alcohol-pyrid~ine-water 
(45:25:35, v/v) showed that rhamnose (apparent RF value o.79 ) and g:acose (apparent 
R~, value 0.56) as well as several other reducing components were present in the 
hydrolysate. The compounds in the remaining hydrolysate were separated on pre- 
parative chromatograms and the ale as of the chromatogram at apparent RF value 
of o.7(), o.56, and o,2o corresponding to rhamnose, glucose and a blank were extracted. 
The rhamnose, glucose, and blank solutior, s were concentrated in a vacuum desiccator, 
transferred to planchets, and taken to dryness. The radioactivity values in the 
samples deter mined i'! a windowless gas-flow counter were as Iollows: 21o counts/rain 
in the rhamn~)se, 33 counts/rain in the glucose and x8 counts/rain in the blank. The 
rhamnose and glucose were transferred from the planchets to test tubes and reacted 
with ethyl mercaptan in hydrochloric acid as described previously 2. The reaction 
mixtures were chromatographed on paper in a solvent system of n-butyl alcohol- 
• -tcetic acid-water (5:1: 4, v/v). Diethyl dithioacetal of rhanlnose was located at 
RF wdue of o.85 and diethyl dithioacetal of glucose at Rv value of o.77. Rhamno.~e 
and glucose migrated with R~, values of o.38 and o.2o, respectively, in this solvent 
system. The diethyl dithioacetals were extracted from the paper directly into plan- 
chets. On evaporation of the water, crystalline diethyl dithioacetal of rhamnose was 
obtained with m.p. 132 ° and an X-ray-diffraction pattern of authentic diethvl dithio- 
acetal derivative ~:f rhamnose. This derivative was radioactive, 245 counts/min for 
total sample recovered. The diethyl dithioacetal of glucose was not obtained in crystal- 
line form, Some radioactivity (()o counts/min per total sample) was found in this 
amorphous material indicating that incorporation of radioactive glucose from labeled 
thynfidine diphosphate glucose to cell-wall fragments had also occurred. 

The labeled cells from Expt, 2 were suspended in I ml of o.oz N hydrochloric acid. 
An aliquot of o.i ml of the suspension was added to 1.5 mg of uridine diphosphate 
glucose and both suspensions were heated at IOO ° for 15 min. In the hydrolysate of 
the aliquot sample, uridine monophosphate and uridine diphosphate but no uridine 
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diphosphate glucose were detected by paper chromatography in ethanol (7 parts) 
and I M ammonium acetate of pH 7.5 (3 parts). Evidently the conditions of hydrolysis 
were sufficient to cleave the uridine diphosphate glucose to uridine monophosphate 
and uridine diphosphate and to glucose-I-P and glucose, i t  is to be expected that 
any labeled thymidine diphosphate rha~mnose adsorbed to the cell-wall fragments 
would also be hydrolyzed by this method since the latter compound is hydrolyzed 
at essentially the same rate as uridine diphosphate glucose. The hydrolysate of the 
total mixture was chromatographed in the above solvent and the areas of the chro- 
matogram which would contain rhamnose and glucose were extracted and concen- 
trated to dryness. Radioactivity was not detectable in these fractions indicating that 
labeled thymidine diphosphate hexoses were not adsorbed to the cell-wall fragments. 
The mild acid treatment did yield a water-soluble product which was radioactive 
and which moved in the ethanol-ammonium acetate solvent system as a relatively 
broad band with R,o value of o.19 to o.44. This band was extracted from the chro- 
matogram and hydrolyzed in I N hydrochloric acid for 2 h. The conditions of hy- 
drolysis were sufficient for breaking glycosidic bonds and rhamnose, glucose, galactose, 
and galactosamine were detected by chronmtographic techniq,,z-~-:: and appropriate 
spray reagents in the hydrolysate. The rhamnose area from a preparative chromato- 
gram of the hydrolysate was extracted and taken to dryness in a planchet. Radio- 
activity measurements showed that the rhamnose was radioactive; however, not all 
the radioactivity in the polysaccharide fraction was recovered in the rhamnose. 

The results in Table I show that a transfer of ~4C-labeled glycosyl units from 
thymidine diphosphate hexoses to cell-wall fragments did indeed occur. Attempts 
to increase the amount of incorporation of radioactivity into the fragments have not 
vet been successful. In 8 experiments thus far completed, a small but significant 
radioactivity has always been found in the cell-wall fragments. That labeled rhamnose 
was transferred as intact units is amply demonstrated by the experiments on the 
recovery of radioactive rhamnose from the cell-wall fragments. Thus, thymidine di- 
phosphate rhamnose functions as a donor of rhamnosyl units for the synthesis of 
polysaccharides in the bacterial cell wall as well as for the synthesis of rhamnose- 
containing glycolipids s and glycosides 9. 
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