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SUMMARY 

After a single intravenous inject ion of mannose-3H, rad ioact iv i ty  
was recovered in al l  major sugar components released by acid hydrolysis 
of rat serum glycoproteins including s ia l i c  acid, fucose, mannose, 
galactose and hexosamine. The speci f ic activity(DPM/~mol) of fucose 
and s ia l i c  acid was much higher than mannose within the f i r s t  5-10 minutes. 
After 5 minutes most of the label was recovered as s ia l i c  acid (83%), 
an appreciable amount in fucose, galactose and hexosamine, and only 3.2% 
in mannose. The amount of rad ioac t iv i ty  was never less than 64% in s ia l i c  
acid and never more than 14% in mannose. 

Mannose is one of the major sugars released by acid hydrolysis of glyco- 

proteins. The others are fucose, galactose and glucosamine. Most biochemical 

studies of glycoprotein biosynthesis have used D-glucosamine as precursor (1,2,3) 

while autoradiographic studies, fucose and galactose have been selected as the 

best markers (4,5,12,13). The incorporation of mannose was followed in one study 

of the rat thyroid gland where, by autoradiography, i t  was reported to be assembled 

into thyroglobulin mainly as mannose at the rough endoplasmic reticulum (4). 

Recently the incorporation of four major sugars, fucose, galactose, glucosamin 

and mannose was investigated in glycoprotein in the Golgi complex isolated from 

rat l i ve r  and in serum (6). Whereas the overall pattern of incorporation of fucose 

galactose and glucosamine were s imi lar ,  mannose presented a complex incorporation 

with early maximum specif ic ac t i v i t y  in glycoprotein of the Golgi complex followed 

by a level of approximately two-thirds maximum ac t i v i t y  maintained for long periods 

af ter in ject ion.  Since the early incorporation occurred at a s imi lar  time interval 
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to that of fucose, i t  seemed l i k e l y  that mannose was converted to other sugars such 

as s i a l i c  acid or fucose; these would be assembled rapidly into the glycoprotein 

without delay before addit ion of the other sugars. In th is study, the incorporat ion 

of mannose has been invest igated fur ther  in rat  serum glycoprotein to demonstrate 

i t s  conversion to other sugars including s i a l i c  acid, fucose, galactose and hexosamine. 

MATERIALS AND METHODS 

Male Wistar rats weighing 200-220 g, fasted 15 h, were used to study the in-  

corporation of D-mannose-2-T (spec i f ic  a c t i v i t y  1.0 C/~mol). A single i n t r a -  

venous in jec t ion  of 5 ~C radioact ive material was given to each rat  via the jugular  

vein. At d i f f e ren t  time in terva ls ,  5,10,15,30,60,90 and 120 minutes a f te r  i n jec t i on ,  

each rat  was anesthetized with ether, exsanguinated and a sample of blood col lected.  

The incorporation of mannose was studied separately in at least 3 rats at each time 

in te rva l .  

Each sample of serum was prec ip i ta ted by adding 0.5 ml of 10% TCA in the 

cold to 0.25 ml of serum di luted with 0.25 ml water. The prec ip i ta te  was centr i fuged,  

washed twice with cold chloroform/methanol/ether (2:1:1) ,  centr i fuged and the 

supernatants discarded. The pe l le t  was hydrolysed with 4 ml of 0.I N H2SO 4 at 80 ° 

for 60 minutes to remove s i a l i c  acid. Af ter  cent r i fug ing,  the supernatant was 

removed (supernatant I ) .  

The remaining pe l l e t  was hydrolysed with 3 ml of 2 N H2SO 4 in a glass stoppered 

tube at I00 ° for  5 h. Af ter  cent r i fug ing, the supernatant was removed (supernatant I I )  

Both supernatants I and I I  were neutral ized by the addit ion of 0.3 N Ba(OH) 2. 

Insoluble barium sul fa te was removed by centr i fuging and the supernatants were 

concentrated by drying in a rotary evaporator. 

A port ion of supernatant I was used to measure s i a l i c  acid by the method of 

Svennerholm (9) and a second port ion was used for  counting in a Nuclear Chicago Mark I 

s c i n t i l l a t i o n  counter. 

Supernatant I I  was separated on Dowex-50 into hexosamine and neutral sugar 

f ract ions by the method of Boas ( I0) .  Hexosamine was measured by the method of Boas 

as modified by Johnson (7). The neutral sugar f rac t ion  which did not adsorb to the 
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resin was evaporated to dryness and the components were separated by paper chromato. 

graphy on Whatman #4 paper in n-butanol/pyridine/water (50:30:20) for 17 h at room 

temperature. Individual sugars were located by comparison with appropriate markers 

which were run down both sides of each chromatogram; these showed the order of 

migration from the origin was galactose, mannose and then fucoseo The spots 

corresponding to galactose, mannose and fucose, were cut from the paper and eluted 

with water. Aliquots of each eluate were used to assay reducing sugar by the metho( 

of Guinn (8) and for radioactive counting. 

RESULTS 

After injection of D-mannose-3H, radioactive label was recovered in each 

of the major carbohydrate components of serum glycoprotein, including s ia l ic  acid, 

fucose, galactose hexosamine, as well as mannose. The variat ion in specific act iv i l  
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TIME IN MtNUTES FOLLOWING D-MANNOSE 3H 
FIGURE 1 

The change in specific ac t iv i ty  (DPM/umol sugar) various times from 5-60 
minutes following a single intravenous injection of D-mannose-3H. Curve A, s ia l ic  
acid; B, fucose; C, mannose and D, galactose. 
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was calculated as DPM/~mol for each sugar and the findings are i l l us t ra ted  in F ig . l .  

The change of specif ic ac t i v i t y  of s ia l i c  acid (DPM/~mol N-acetylneuraminic 

acid) at various intervals after in ject ion of D-mannose is shown in Fig. 1 (curve A). 

The specif ic ac t i v i t y  increased rapidly and reached the maximum level af ter  5 minutes 

and then fe l l  to approximately half the maximum by 30 minutes. In comparison with 

other sugars, the specif ic ac t i v i t y  was higher than that of ei ther galactose or 

mannose but lower than that of fucose. 

The change of specif ic ac t i v i t y  for the neutral sugars, fucose, mannose and 

galactose, (DPM/umol of hexose) with time after a single intravenous in ject ion of 

5 ~C of mannose is shown in Fig. 1 (curves B,C and D respect ively).  The speci f ic 

ac t i v i t y  of fucose (curve B) rose sharply to a maximum within 5 minutes of D-mannose 

inject ion and then fe l l  rapidly. This followed a s imi lar  pattern of incorporation as 

s ia l i c  acid except that the specif ic ac t i v i t y  was mugh higher for fucose. The specif ic 

ac t i v i t y  of mannose (curve C) increased slowly and reached the maximum at 15-20 

minutes. I t  was lower than any sugar, the maximum being only one-tenth of that in 

fucose. The specif ic ac t i v i t y  of galactose (curve D) was higher than mannose and 

occurred la ter  at 30 minutes. 

Since a single inject ion of D-mannose resulted in the appearance of rad ioac t iv i ty  

in al l  other major sugar f ract ions, the extent of conversion of D-mannose was 

determined by calculating the rad ioact iv i ty  of each sugar as a percentage of the 

total  rad ioact iv i ty  recovered as carbohydrate. The findings are summarized in Table I .  

At any time after mannose in ject ion,  the rad ioac t iv i ty  recovered as protein-bound 

mannose represented a small amount of the total  rad ioac t iv i ty  (<14%). After 5 minutes 

most of the label was found in s ia l i c  acid (83%) indicating a very rapid conversion 

of mannose. A s ign i f icant  amount of rad ioac t iv i ty  was recovered as fucose (4-16%) 

with s l i gh t l y  less in the hexosamine fract ion (3-11%) and galactose (2-10%). 

DISCUSSION 

After a single intravenous inject ion of D-mannose-3H, isotope was dist r ibuted 

among the major sugars in serum glycoproteins: mannose, galactose, fucose, hexo- 
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samine and s ia l i c  acid. Of these, by far the largest amount was recovered as s ia l i c  

acid, released after mild acid hydrolysis of the serum proteins. 

D-mannose is readi ly converted to D-mannose-6-phosphate by nonspecific hexo- 

kinases. In the presence of phosphomannosiomerase, D-mannose-6-phosphate is converted 

to D-fructose-6-phosphate, which represents the metabolic or ig in of most of the 

hexosamines. Sia l ic  acid can then be formed through a series of metabolic reactions, 

involving the condensation of N-acetylmannosamine-6-phosphate with phosphoenolpyruvate. 

The conversion of D-glucosamine-l-Z4C to a variety of acid-soluble products 

has been studied in rat l i ve r  by DelGuiacco and Mahley ( I I )  who detected labeled 

s ia l i c  acid in the acid-soluble pool within 15 seconds. On the basis of speci f ic 

ac t i v i t y  data they concluded that the s ia l i c  acid was derived from UDP-N-acetyl- 

glucosamine. 

In our experiments the majority of the rad ioact iv i ty  was recovered as s i a l i c  

acid but the other terminal sugar, fucose, also contained an appreciable amount of 

radioactive label. A mechanism for the conversion of mannose to fucose is well 

established via GDP-mannose, in a sequence of three reactions to GDP-fucose which 

would f ac i l i t a t e  rapid conversion of radioactive label to this carbohydrate. 

The rad ioact iv i ty  found in galactose probably arose by conversion of mannose 

to glucose. From glucose the label would be expected to be dissipated in a number 

of reactions, one of which would terminate as galactose. 

The d is t r ibut ion of rad ioact iv i ty  reported here c lear ly showed that 14% or less 

of the rad ioact iv i ty  injected as mannose could be recovered as mannose from rat  

serum glycoprotein. A d i f ferent  s i tuat ion was reported by Whur et al (4) for rat  

thyroglobulin where, in autoradiographic studies, they fa i led to detect s i l ve r  grains 

over the Golgi apparatus of rat  thyroid gland early af ter  in ject ion of mannose. 

They concluded that mannose was added to the glycoprotein in the rough ER, an 

observation consistent with the proximity of this sugar to the peptide core of the 

molecule. Furthermore, the same authors reported that 75% of the rad ioac t iv i ty  in 

thyroid proteins was present as mannose although no data was given. However, the 

high background in mannose autoradiographs by these authors may be at t r ibuted at 
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least in part, to the various sites of incorporation of metabolic products of 

mannose. The findings presented here emphasize the importance of understanding the 

interconversion of sugars and their assembly into glycoprotein of each cell type. 
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