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turnover was iobtained from the changing 
rates with time in removal of radiocalcium 
from the skeleton and from comparisons of 
calcium specific activities of the skeleton and 
plasma of the animals sacrificed a t  increasing 
times after administration of the radiocalcium. 
In this study the effect of skeletal accretion 
was minimized. The results confirm those pre- 
viously obtained when skeletal growth was a 
possible factor influencing the results. These 
findings and interpretations are consistent with 
the concept that the bone salt exchanges the 
calcium of crystal surfaces rapidly and that of 
the interior of crystals more slowly by recrys- 
tallization. The specific activities of different 
bones and the change in specific activity of the 

bones with time indicate that anatomical loca- 
tion of bone influences its calcium turnover. 
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A Rapid Method for Distinguishing D-Glucosamine from Galactosamine 
in Biological Preparations. (19718) 

MILTON W. SLEIN. (Introduced by Riley D. Housewright) 
From the  Chemical Corps Biological Laboratories, C a m p  Detrick, Frederick, M d .  

Tn the course of a study of the constituents 
of a polysaccharide isolated from ShigeZZa 
flexneri( l ) ,  it became necessary to be able 
to distinguish between the 2 naturally-occur- 
ring aminosugars, glucosamine and galactosa- 
mine. These substances have very similar R, 
values and do not separate well in a number 
of solvent systems( 2 ) .  The N-2,4 dinitro- 
phenyl derivatives separate only slightIy 
better ( 3 )  and methods for isolating deriva- 
tives involve more laborious procedures with 
relaiively large amounts of aminosugars ( 4 3 ) .  

Brown reported the phosphorylation of D- 
glucosamine by hexokinase, and adenosinetri- 
phosphate (ATP), the product being identi- 
fied as D-glucosamine-6-phosphate ( 6  ) . -4s is 
shown below, galactosamine does not function 
as a substrate for hexokinase. I t  is therefore, 
possible to differentiate between these amino- 
sugars; and, in cases w'here these are the only 
2 aminlosugars present, the relative amounts 
of each may )be determined. 

The aminosugars used in the 
experiment described by Fig. 1 were partially 
purified from crude hydrolysates of the polly- 
saccharide of Sh. fEexneri(1) and bovine 

Materials. 

tracheae(7,S) by passage over a cation ex- 
change resin and elution with HCI. The yeast 
hexokinase was also only partially purified( 9) .  - AMINOSUGAR FROM CARTILAGE 

MAMINOSUGAR FROM SH. FLEXNER 

-AMlNOSUGAR FROM BOTH 
v) 
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FIG. 1. Presence of D-glucosamine in  hydrolysates 
of the polysaccharide of Sh. flexneri. The reaction 
mixture contained 33 micromoles ATP, 13 micro- 
moles galactosamine from chondroitin sulfuric acid 
or  11 micromoles aminosugar from the polysac- 
charide of Sh. flexneri, or both, .006 M MgClz and 
yeast hexokinase in  .06 M veronal buffer, p H  8. 
Incubated a t  30°C. The utilization of aminosugar 
corresponds to the D-glucosamine content of the 

reaction mixture. 
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Method. D-glucosamine is phosphorylated 
in the presence of ATP and hexokinase. Any 
unreactive aminosugar is determined after re- 
moval of glucosamine-&phosphate by treat- 
ment of the reaction mixture with ZnS04 and 
Ba(OH)?. This is necessary since the phos- 
phorylated aminosugar also gives the color 
reaction of the free aminlosugars. 

The reaction mixt'ure of the data in Fig. 1 
contained the following: 

in1 
4 .I M veronal buffer, pH 8 
.4 . l M M g C l 2  
.9 aminosugars (Fig. 1) 
.3 .11 M ATP 

The initial concentration of aminosugar was 
determined in the supernatant fluid obtained 
after adding a 1 ml aliquot of the above mix- 
ture to 1 ml of ZnS04 and then adding 1 ml 
Ba(OH)2( 10). 0.2 ml (of hexokinase was 
added to 4 ml of the remaining mixture to start 
the reaction which was incubated at  30°C. 
One ml samples were fixed with ZnS04 and 
Ba(OH)2 at  timed intervals. The super- 
natant fluid which is free of protein and phos- 
phorylated compounds was used for the de- 
termination of free aminosugars by the colori- 
metric method of Elson and Morgan ( 11). 

Results. The galactosamine preparation 
showed a utilization amounting to only 10- 
15% of the total aminosugar added, whereas 
85% of the aminosugar abtained from the 
specific polysaccharide of Sh. flexneri was 
phosphorylated. The limited disappearance 
of aminosugar from the galact'osamine prep- 
aration indicates that some D-glucosamine 
may have been present in the chondroitin sul- 
furic acid from which the galactosamine was 
isolated. It may also be seen that the pres- 
ence of galactosamine did not prevent the 
phosphorylation of glucosamine obtained from 
the hydrolysate of the polysaccharide. 

Discussion. I t  is possible to carry out de- 
terminations on crude hydrolysates of biologi- 
cal materials provided an excess of ATP is 
added so that it dloes not (become limiting by 
the phosphorylation of glucosamine or of o t h r  
sugar residues such as glucose in the hydroly- 
sates. In cases where acid hydrolysis is not 
desirable, ATP-destroying enzymes, if present 
in amounts sufficient to prevent the main- 

tenance of an excess sf AT'P during incubatim 
with hexokinase, may be eliminated by de- 
proteinization and neutralization of the sam- 
ple before adding it to the test system. 

The disappearance of as little as 01.1 micro- 
mole of glucosamine per color test may be de- 
tected easily when it is the only aminosugar 
present. With galactosamine as the only 
aminosugar, no disappearance of color equiva- 
lents occurs during incubation with hexo- 
kinase and ATP. Mixtures of the 2 amino- 
sugars may be accurately analyzed for btoth 
components provided at  least 10% of the total 
aminosugar is D-glucosamine. Because of the 
non-utilization of galactosamine during treat- 
ment with hexokinase, it is easier to detect 
small amounts of this aminosugar in the pres- 
ence 'of large amounts of D-glucosamine than 
it is to detect a small decrease in color due 
to the presence of a trace of D-glucosamine in 
the presence \of a large amount of galactosa- 
mine. 

Summary. An enzymatic method is de- 
scribed for distinguishing D-glucosamine from 
galactosamine. The method is based on the 
fact that glucosamine is phosphorylated by 
-4TP in the presence of hexokinase, whereas 
galactosamine is not. Application of the pro- 
cedure for the assay of biological preparations 
is illustrated by the demonstration of D-gluco- 
samine in hydrolysates of a polysaccharide 
isolated from Shigella flexneri. 
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