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In recent  years reports have appeared that glycogen synthesis in liver, muscle,  brain and other tissues, is i m -  

p lemented  through the par t ic ipat ion ofuridinediphosphoglucose (UDPG) [5, 8, 9]. Recently, data have been ob-  
tained on the impor tance  of the uridine diphosphate mechanism for glycogen synthesis in human leucocytes  and thromb- 
ocytes [1 3]. In this process UDPG fulfills the important  function of g lycoside-res idue donor. It is known, however, 

that the coenzyme functions of UDPG are not l imi ted  to par t ic ipat ion in glycogen synthesis. It has been established 
that  this nucleot ide  is an important  cofactor in enzymat i c  reactions connected with the reduction and synthesis of 
mono- ,  d i - ,  and tr isaccharides in an imal  and plant  tissues; UDPG plays an important  role as precursor of UDPG- 
glucuronic acid  in protec t ive  synthesis in the formation of mucopolysaccharides  [14 ,15] .  

We know of only one study [12] in which, together with other free nucleotides,  the UDPG content  in the blood of 
heal thy individuals and those with chronic mye lo id  leukemia  was investigated.  The study was made  not on isolated 
leucocytes  but on the entire ce l t  mass, whereas the UDPG content in chronic mye lo id  l eukemia  was de termined in 
only 2 cases. Data on the content of this nucleot ide  in leucocytes in chronic lymphadenosis and in po lycy themia  
are lacking.  

In connection with the important  function of UDPG in glycogen synthesis and the ear l ier  established fact  of 
different glycogen concentrations in leucocytes of heal thy individuals from patients with po lycy the imia  and leu-  
kemias  [1],it  is of interest  to study the quant i ta t ive  UDPG content  in these cei ls .  Our paper has e luc ida ted  a c o m -  

para t ive  study of the quant i ta t ive  UDPG content  and the rate  of turnover of its g lycoly t ic  component  in the leueo-  
cytes of heal thy individuals,  patients with chronic myelosis, chronic lymphadenosis and po lycy themia .  

M E T H O D S  

With po lycythemia ,  in the per ipheral  blood of observed patients about 90~ of the leucocytes  consist of cells  

of the mye lo id  series, being predominant ly  segmented and me ta mye loc y t e  forfns; in chromc mye lo id  l eukemia  the 
blood contains up to 93~ of mye lo id  cel ls  of different degrees of maturat ion,  the quanti ty of myeioblasts  being less 
than 3~]0; in chronic lymphadenosis not less than 95% of the white cells  are lymphocytes .  The leucocyte  are iso- 
la ted in a ge l a t i n - c i t r a t e  solution [4], main ta ined  in physiological  solution containing 0.1% glucose with subsequent 

centrifugation.  The volume of the leucocyte  prec ip i ta te  was measured and the cel ls  were used for preparing a sus- 
pension. 

Two series of experiments  were performed. In series I,the UDPG content was measured d i rec t ly  in isolated 
leucocytes; in series II,the content and rate of turnover of UDPG were studied after a pre l iminary  60 min incubation 
of the leukocytes with C14-glncose at 37 ~ in a mixture of albumin and Ringer's phosphate according to Krebs (1:1), 

The UDPG content  in leucocytes was determined in the following manner.  The centrifuged leucocytes  were 
suspended in physiological  solution and the nucleotides were ext rac ted  with chloric  ac id  (f inal  concentrat ion 2~ 
for 20 rain in the cold. The supematant  l iquid obtained after  centr ifugation was brought to pH 2 using a 2N NaOH 
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TABLE 1. UDPG Conteht in Leucocytes from Healthy 
Individuals and Patients with Polycythemia,  Chronic 
Myeloid Leukemia and Chronic Lympb adenosis (in 

g per ml of leucocytes) 

No. of Healthy 
Expt. indiv i -  

duals 

1 22.0 

2 23.8 

3 20.0 

4 22.0 

5 20.0 

6 21.0 

Mzkm 

Patients 

Chronic m y e -  Polycythe-I  Chronic 

loid leukemia  lnia lympha-  

denosis 

40.0 

35.0 

34.0 

35.0 

40.0 

38.0 

37.0i 1.0 

22.0 

22.0 

20.0 

19.0 

21.0 

20.9 

20.8:k 0.6 

13.0 

16.0 

17.0 

25.0 

17.0 

17.6i 1.7 

TABLE 2. Content and Rate of Metabolism of UDPG 
in Leucocytes from Healthy Individuals and Patients 

with White Cel l  Dyscrasias and Polycythemia after 
Incubation with C14-Glucose 

Healthy 

Group 

Patients with po lycy the-  

mia  

Patients with chronic 
myelo id  leukemia  

Patients with chronic 
lymphadenosis 

UDPG isolated per ml of 
cells  

Quantity 

(in ~tg) 

19.3 

20.2 

20.7 

20.4 

19.3 

20.8 

37.0 

37.4 

34.0 

19.0 

17.5 

15.6 

Radioact ivi ty 

(counts per 
min) 

768 

806 

857 

768 

778 

750 

1655 

1555 

- 1469 
791 

744 

648 

solution. The nucleot ide extract  was adsorbed with ac t iv -  

ated charcoal  which had previously been treated with a 3~ 
solution of hexyl  alcohol  to improve its adsorptive proper-  
ties [11]. Adsorption took p lace  for 30 rain at 0 ~ The 

comple te  adsorption of nucleot ides was verif ied by using 
the light absorption at 260 mil l imicrons .  The charcoal  
bearing the adsorbed nucleotides was washed with cold 
0.001 N HC1 to remove salts which interfere with the chro- 

matographic separation of the nucleotides.  The nucleot ides 
were e lu ted  by washing down 3 t imes with 50% ethyl  a lco-  
hot containing 0.02 M NH4OH. The combined e luateswere  
evaporated at 30 ~ in a vacuum (5 ram) to a smal l  volume 

and the concentrated solution was studied chromatographi-  
cal ly .  For separation of nucleotides a method of descend- 
ing chromatography was used, with BF-11 paper and a sol-  

vent system of I M ammonium ace ta te  (pH 7.5)and ethyl 
alcohol  in ratio of 30:75 [13]. The usual chromatographic 
separation took 28 h, after which the chromatogram was 
dried and the loca l ized  spots of nucleotides were assayed 
in the ul t rachemiscope.  The spots which appeared at the 
level  of the marker  were cut out and eluted with 2 portions 

of dis t i l led water (2 + 1 ml) for 30 rain in the cold. Light 
absorption at 260 and 280 mi l l imicrons  was studied in the 

e luate  thus obtained.  

Quant i ta t ive  assay for UDPG was perfon-ned on the 
same e lua te  using the UDPG-pyrophosphorylase reaction.  
The exper imenta l  mixture used for this quant i ta t ive assay 
contained 2.5 ml  of e tuate  from the chromatogram spots in 

3 ml,  150 micromoles  of tr is-buffer (pH 7.4), 5 micromoles  

of cysteine,  20 mieromoles  of MgC12, 0.5 mg of crystal l ine 
phosphoglucomutase, 0.05 ml  of UDPG-pyrophosphorylase 

(0.2 mg protein), 1 mic romole  tr iphosphopyridinenucleo- 
t ide (TPN) and 0.05 ml  of glucose-6-phosphate  dehydrogen- 
ase (0.1 mg protein). After obtaining several  stable read-  

ings on the system we introduced 1 micromole  of pyrophos- 
phate. The react ion took p lace  at  room temperature  (20~ 
Control samples differed from the exper imenta l  in that an 
eluate  was used not from the chromatogram spots but from 
equal -s ized  portions of other parts of the chromatogram 
paper which were free of nucleot ide.  Pyrophosphorelysis 
began almost immed ia t e ly  after the addit ion of the pyro-  

phosphate in accordance with the reaction: UDPG + pyrophosphate -~ uridinetriphosphate + g lucose- l -phospha te .  The 
g lucose - l -phospha te  which forms is converted by phosphoglucomutase to glucose-6-phosphate .  The la t ter  is oxidized 
by glucose-6-phosphate  dehydrogenase: g lucose-6-phosphate  + TPN --* 6-phosphogluconic acid  + reduced TPN. The 
increase in l ight  absorption at  340 mi l l imicrons  indicates  the course of the UDPG-pyrophosphorylase react ion and, sub- 
sequently, the presence of UDPG in the extracts.  In the given system it is possible quant i ta t ive ly  and exact ly  to t i -  
t rate the entire contents in a standard UDPG solution. A preparation 99-100% pure gave ext inct ion values of/x Es40 = 
1.33 per /1mole of UDPG. 

The UDPG content and rate of its metabol ism in leucocytes  after prel iminary incubation of the cells in C14-glu - 
cose were determined in the following manner.  Leucocytes (0.1 ml) were incubated in Ringer's phosphate with blood 
serum in the ratio 1:1 in the presence of uniformly labe l led  C14-glucose (3 mg with total  radioact iv i ty  of 450,000 
counts/rain).  Versene (final concentrat ion 0.1%) was used as ant icoagulant .  Samples were incubated for 30 rain at 
37 ~ After incubation, the cells were separated by centrifugation,  washed with cold physiological  solution and treated 
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with cold chloric acid. Further procedures in the isolation of UDPG were carried out as described above, After the 
e lua te  was obtained from the chromatogram spots, one ml  was taken for de terminat ion  of the UDPG radioac t iv i ty ,  

and the remaining 2 m l  were used in the UDPG-pyrophosphorylase reaction.  

The following enzyme and c o - e n z y m e  preparations were used: phosphoglucomutase and TPN--Hungarian prep-  
arations from the firm Reanal; UDPG-pyrophosphorylase, obtained in the laboratory according to LePage [10]; g lu-  
cose-6-phosphate  dehydrogenase, according to Komberg [6]. 

R E S U L T S  

As shown in Table  1, there appear to be no essential differences in UDPG content between leucocytes  from 
normal  individuals and those from patients with polycythemia .  ~he  UDPG content is slightly lower in the lympho-  

cytes of patients with chronic lymphadenosis.  As for the leucocytes  of patients with chronic mye lo id  leukemia ,  the 
UDPG content is 2 t imes greater than in the lymphocytes and about 1.8 t imes greater than in donor leucocytes.  

It must be noted, however, that the many manipulat ions carried out to isolate  UDPG from cells cause a consid-  

erable  loss of this coenzyme.  Therefore, the data included in Table  1, evidently,  are too low. Special  control ex-  

periments showed that with the use of our extract ion,  adsorption, elution, evaporation,  and chromatography procedures 
about 50~ of a standard added UDPG preparation is lost. Calcula t ing  from this recovery data, the UDPG content of 
human leucocytes  must be reckoned as much higher (about 2 times). 

The data presented in Table  2 show that upon incubation of the cells with C14-glucose the rad ioac t ive  marker  
is included in the UDPG. The experiments  indicate  that radioact iv i ty  of UDPG in leucocytes  from patients with 
chronic myelo id  l eukemia  is s ignif icant ly greater than such in leucocytes of heal thy individuals  and patients with 

chronic lymphadenosis or polycythemia .  However, if  it  is considered that the absolute UDPG content in leucocytes 
of patients with chronic mye lo id  leukemia  is greater than in other white blood cel ls  studied, then the specific rad io-  

ac t iv i ty  of glucose in the composit ion of UDPG from these cel ls  almost exac t ly  coincides with such in the compos i -  

tion of UDPG from other species ol leucocytes,  this value being very close to the specif ic  rad ioac t iv i ty  taken in the 
C14-glucose exper iment .  Thus, upon incubation of leucocytes  with C14-glucose for 30 rain, comple t e  turnover of the 

g lycoly l  residues of the UDPG takes place,  which indicates the high metabo l i c  ac t iv i ty  of this compound. It may  be 

suggested that  the higher UDPG content in leucocytes  from patients with chronic mye lo id  l eukemia  is connected to a 
cer tain degree with the increased rate of glycogen turnover in these cells [2]. 

S U M M A R Y  

A study was made  of the quant i ta t ive  content of uridine diphosphoglucose (UDPG) and the rate of renewal of 
its glycoside component  in the leucocytes of heal thy individuals,  and in patients with chronic myelosis,  chronic 
lymphadenosis and po lycythemia .  

In heal thy individuals  and in patients with po lycythemia ,  chronic myelosis and chronic lymphadenosis the UDPG 
content  per 1 ml of leukocytes was found to amount  to 44, 42, 72, and 34 micrograms respect ively.  In studying the 
rate of glucose component  metabol i sm in UDPG it was revealed that within 30 rain of incubation the specif ic  rad io-  
ac t iv i ty  of the UDPG glycoside and that of the medium glucose became  ent i re ly  equivalent .  
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