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Summary.  A modified glucosyltransferase assay 
using degraded gelatin as acceptors was found to be  
enzyme concentrat ion- and t ime-dependent  in the 
Chinese hamster  kidney extracts. In 54 Chinese 
hamsters  selected f rom 7 highly inbred sublines with 
or without spontaneous glycosuria, the glucosyltrans- 
ferase activity (0 .78-3.25 unit/g) in the kidney was 
found to be  significantly correlated (P = 0.0002) to 
blood sugar concentrations (60-475  mg/dl).  How-  
ever, subl ine-dependent  variation in glucosyltrans- 
ferase activity was also evident and, in animals f rom 2 
of the 5 diabetic sublines, similar activity of glucosyl- 
t ransferase was found in their kidneys as in those of 
nondiabetic animals. I t  was concluded that renal 
glucosyltransferase activity was affected by blood 
sugar level as well as by genetically determined fac- 
tor(s). 

Key words: Diabetes,  Chinese hamsters,  kidney, 
glucosyltransferase, subline. 

Increased activity of UDP-glucose:  galactosylhy- 
droxylysine-glucosyltransferase (EC 2 . 4 . 1 . 6 6 ) h a s  
been observed in the kidney cortices of chemically- 
induced diabetic rats [1, 2] and genetically predia-  
betic mice [3] and it was postulated to be one of the 
biochemical  bases of diabetic microangiopathy.  The  
subject remains controversial,  however,  since experi- 
menta l  evidence suggesting the contrary has also 
been  repor ted  [4, 5]. A study on kidney glucosyl- 
transferase activity in the highly inbred Chinese 
hamsters  with spontaneous diabetes was thus carried 
out. This colony of diabetic animals was noted for its 
genetic mosaicism [6-8] in addition to its well- 
defined diabetic syndrome [9]. Fur thermore ,  renal 

glomerulosclerosis has been documented  in the Chi- 
nese hamsters  with prolonged hyperglycaemia [10]. 
The present  investigation employed the convenient 
assay system for glucosyltransferase using partially 
degraded gelatin as glucose-acceptor [11]. To  verify 
the specificity of this assay for the Chinese hamster  
kidney enzyme, studies on t ime- and enzyme- 
dependence and analysis of the reaction products 
were also carried out. 

Materials and Methods 

Animals 

The Chinese hamsters were all males, 12-13.7 months old and 
derived from 7 highly inbred sublines, the origin of which was 
described previously [7]. Animals from the diabetic sublines OT, 
AC, X, XA, and AH showed 3 + or 4 + glycosuria on Testape | 
All studies were initiated between 8 and 9 a. m. After exsanguina- 
tion through orbital sinus, the animals were decapitated and the 
kidneys were quickly excised and rinsed in ice-cold 0.154 mol/1 
saline. The whole kidneys, dissected cortices, or medullae were 
homogenized in a Polytron | apparatus at a setting of 5 for 30 sec 
twice with a 30 sec cooling in ice in between in a buffer (pH 6.8) 
containing 0.15 tool/1 Tris-acetate, 2 mmol/1 2-mercaptoethanol, 
0.25% (v/v) Triton • 100 [11]. After stirring for 60 rain in ice, the 
mixture was centrifuged at 100000 x g for one hour. The super- 
natant was saved and solid Carbowax | 6000 (Union Carbide) was 
added to a final concentration of 7% (w/v). After stirring for 
15 rain in ice, the suspension was centrifuged at 30000 • g for 
20 min and the precipitate was dissolved in 0.5 ml of the above- 
mentioned buffer and kept frozen at -20~ for 1 to 10 days until 
use. No significant loss of activity was evident during storage. 

Assays 

Glucosyltransferase was assayed with slight modifications by the 
method described by Draeger and Weithmann [11]. The reaction 
mixture contained 75 ~mol tris-acetate, pH 6.5, 10 p, mol sodium 
chloride, 20rag partially degraded gelatin (a gift from 
Dr. Draeger), and 33.3 nmol UDP-glucose-14C (15 ~tCi/p, mol) in a 

O012-186X/80/0019/0040/$01. O0 



A. Y. Chang et al.: Renal Glucosyltransferase in Diabetic Chinese Hamsters 

2 0  

o 
E e,J 
"" 15 ~3 
uJ 
I-- 
<r 

0 
n 10 

0 
r  
z 

uJ 
u~ 5 0 
L)  

..I 
0 �9 

I I .I 
2 0  4 0  6 0  

T I M E  (min )  

Fig. 1. Effect of time on the incorporation of glucose into degraded 
gelatin with glucosyltransferase in the Chinese hamster kidney 
(Q--O) .  & represents radioactivity found in the washed reaction 
products without the presence of degraded gelatin in the reaction 
mixture 
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volume of 0.5 ml. The reaction was started by adding 0.05 ml 
enzyme solution and allowed to proceed at 37 ~ C for 60 min. The 
incubations were stopped by adding 0.5 ml ice-cold 2% (w/v) 
phosphotungstic acid - 1.0 mol/1 hydrochloric acid. One ml 1% 
(w/v) phosphotungstic acid - 0.5 tool/1 HC1 was then added. The 
precipitates were washed 4 times with 2 ml cold 16% (w/v) tri- 
chloracetic acid, dissolved in 1 ml NCS-tissue solubilizer (Amer- 
sham Corp.), and counted in 15 ml Bray solution [12] in a scintilla- 
tion counter. Counts of zero time controls were subtracted from 
those of 60 min incubation. One unit of enzyme was defined as the 
incorporation of i nmol glucose into the acceptor in 60 min. 

To analyze the reaction products [2], the trichloroacetic acid- 
washed precipitates were hydrolyzed in 0.5 ml 2 mol/1 sodium hy- 
droxide at 105~ for 20 hours. After the addition of 2.5 ml water, 
the mixture was adjusted to pH 3 with 1 tool/1 hydrochloric acid 
and allowed to stand in the cold room overnight. The precipitates 
were collected and the supernatant was passed through a 0.7 • 
9 cm column of Dowex 50 W-X4 (H+), 200-400 mesh in water 
and washed with 60 ml water. The eluate was lyophilized and 
designated as "H20  eluate". The column was then eluted with 
15 ml 1.5 mol/1 ammonium hydroxide and the eluate was also 
lyophilized. The precipitates and the lyophilized "t-I20" and 
"ammonium hydroxide" eluates were suspended in i ml water and 
measured for radioactivity in 15 ml Bray solution in a scintillation 
counter [12]. 

Blood sugar in samples collected at the time of exsanguination 
was determined by the ferricyanide method [13] and protein by a 
modified Lowry procedure [14]. 
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Fig. 2. Effect of enzyme concentration on Chinese hamster 
glucosyltransferase activity in the whole kidney (O--O),  cortex 
(& - - - &), and medulla (�9 . . . .  O). Incubation was carried out 
for 60 min 

Statistical Methods [15] 
For each variable listed in Table 3, a one-way analysis of variance 
was used to test for overall subline-dependent differences. In cases 
of significant endpoints, Duncan's Multiple Range Test was used 

Table 1. Effects of cofactors on kidney glucosyltransferase activity 

Incubation mixture unit/mg protein % 

Complete 0.073 100 
-Manganese acetate 0.005 7 
-Sodium chloride 0.084 115 
-2-Mercaptoethanol 0.065 89 
-Enzyme 0.000 0 

Incubation was carried out at 37 ~ C for 60 min with 0.5 mg enzyme 
proteins 

Table 2. Analysis of alkaline hydrolysates in trichloroacetic acid- 
washed reaction products on Dowex 50 (H +) column 

Radioactivity 

Fractions DPM % Total 

Precipitates 72 _+ 26 4.2 .+__ 1.6 
H20 eluate 1.5 mol/1 291 _+ 27 16.6 _+ 1.0 
Ammonium hydroxide eluate 1388 -+ 55 79.3 .+_ 0.7 

Incubations and sample treatments are described in Materials and 
Methods. Numbers given are the averages of two experiments 
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Table 3. Kidney glucosyltransferase activity and other  variables in the  Chinese hamsters  f rom seven highly inbred sublines 

Sublines (Mean _+ SEM)* 

Variables M A V  O T  A C  X X A  A H  

Blood sugar  (mg/100 ml) 

Age  (months)  

Dura t ion  of glycosuria (months)  

Body weight (g) 

Kidney weight (g) 

Protein concentrat ion in 
glucosyltransferase 
preparat ion (mg/g tissue) 

Glucosyltransferase 
(U/g  tissue) 

Glucosyltransferase 
(U X 10-3/ rag  protein) 

83 + 2 b 85 -+ 9 b 183 _+ 30 d 269 _+ 27 a'c 270 _+ 24 a 351 -+ 34 a 366 _+ 43 a 

13.4 + 0.7 13.1 _+ 0.2 13.1 -+ 0.1 13.3 -+ 0.2 13.4 _+ 0.8 12.9 + 0.3 13.3 + 0.5 

- -  - -  9 . 3  + 1.4 11.0 --_ 0.2 10.9 + 1.0 11.5 -+ 0.4 11.5 + 0.7 
34.1 + 0 .9  b,c 34.5 + 1.0 b,~ 34.4 + 1.7 b'c 33.0 _+ 0 .9  b'c 31.6 + 0.8 ~ 35.1 + 0.8 b 39.4 + 0.7 a 

0.32 _+ 0.01 e 0.36 _+ 0.01d'e0.38 + 0.02c'a0.43 + 0.02b'c0.45 _+ 0.03 b 0.44 + 0.02 b 0.53 + 0.01 a 

18.1 + 1.4 a 18.6 _+ 1.5 a 18.7 ----- 1.8 a 18.1 + 1.8 ~ 21.1 + 2.0 a 17.4 + 2.3 a 18.9 + 2.0 a 

1.32 + 0.10 c 1.58 --+ 0.09b'cl .32 ---+ 0.09 c 1.28 + 0.13 c 2.02 _+ 0.14 b 1.86 + 0.17 b 2.50 ----- 0.26 a 

77 + 9 b'c 89 _+ 9 b'c 72 + 5 b'c 74 + 9 c 103 _+ 16 b'~ 117 _+ 16 a'b 144 _+ 21 a 

* Means  superscripted with the  same letter are not  significantly different at P < 0.05 whereas  superscripts in different letters depict that  
significant difference at P < 0.05 was present  be tween the sublines. For  example,  the  blood sugar  levels of sublines M and AV,  both 
superscripted with the  letter b, were not  significantly different, whereas  they were different f rom those  of sublines OT,  AC,  X, XA,  or A H ,  
superscripted with a, c, or d. There  were 8 animals in sublines M, AV,  OT, AC,  A H  and 7 in X, X A  

to compare  sublines with each other. If a significant heterogenei ty  
of subline variances was present ,  the  nonparametr ic  Kruskal-Wal-  
lis Tes t  was used to test for overall subl ine-dependent  differences. 
In cases of significant endpoints ,  Wilcoxon R a n k - S u m  Tests  were 
used to compare  the  sublines with each other.  Da ta  were presented  
as Means  + SEM and each subline contained 8 animals except X 
and X A  sublines which had  7 each. 

Product  m o m e n t  correlation was computed  between blood glu- 
cose and glucosyltransferase activity (Fig. 3). 

Results 

Figure 1 shows the time-dependent incorporation of 
glucose into the acceptors with glucosyltransferase 
prepared from a pool of kidneys isolated from Chi- 
nese hamsters of several sublines. The incorporation 
in the absence of added acceptor was negligible after 
60min incubation. Figure 2 depicts the effect of 
enzyme concentration on the incorporation. In terms 
of mg protein, the glucosyltransferase prepared from 
either cortex or medulla showed similar specific 
activity as that from the whole kidney in its ability to 
transfer glucose from UDP-glucose into degraded 
gelatin. 

Table 1 lists the effects of various cofactors on 
kidney glucosyltransferase activity. In the absence of 
Mn ++, only 7% of incorporation was observed 
whereas there appeared to be little or no require- 
ments for 2-mercaptoethanol or NaC1. Virtually no 
incorporation was observed when enzyme was omit- 
ted. The reaction products were further analyzed by 
alkaline hydrolysis according to Haft and Reddi [2]. 
As shown in Table 2, 79% of the incorporated 

radioactivity present in the hydrolysate was retained 
by cation exchange resin and could be eluted off the 
column by 1.5mol/1 ammonium hydroxide. The 
remaining radioactivity was recovered in the insolu- 
ble residues (4.2%) and in the fraction not retained 
on Dowex 50 column (16.6%). 

Table 3 summarizes the study on kidney glucosyl- 
transferase activity in the Chinese hamsters selected 
from 7 different sublines, 4 of which contained dia- 
betic animals with varying degree of hyperglycemia. 
Although they were similar in age, the AH subline 
produced heavier animals than the others and the 
diabetic Chinese hamsters tended to have larger kid- 
neys than the nondiabetics. The amount of proteins 
recovered in the partially purified enzyme solution 
varied among the sublines, X subline showing the 
highest and XA subline the lowest protein recovery 
in the enzyme solution. Glucosyltransferase activity 
in the kidney, expressed either in terms of unit/g of 
wet kidney or unit/rag of proteins recovered in the 
partially purified enzyme solution, was significantly 
higher in the diabetic AH subline animals than in the 
others. The kidneys of the diabetic X and XA subline 
Chinese hamsters also showed higher collagen 
glucosyltransferase activity whereas the diabetic ani- 
mals in OT and AC sublines had similar activity as 
those in the nondiabetic M and AV sublines (Table 3). 

Figure 3 shows the relationship between blood 
sugar level and renal glucosyltransferase activity 
(unit/g tissue). A significant overall correlation at P 
= 0.0002 level (r = 0.48) was found between these 
two variables. A similar correlation of r -- 0.36, 
P = 0.007, was also observed between blood sugar 
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Fig. 3. Correlation between blood sugar level and kidney glucosyl- 
transferase activity in normal and spontaneously diabetic Chinese 
hamsters, r = 0.48 and P = 0.0002 

concentration and glucosyltransferase activity ex- 
pressed as unit/mg protein. When the data are 
examined within each subline, it is evident that the 
diabetic animals with higher blood sugar in sublines 
AH, XA, and X also tended to show more kidney 
glucosyltransferase activity than those with lower 
blood sugar in the same subline. However, subline- 
specific factors also played important roles in regulat- 
ing kidney glucosyltransferase activity since the 
hyperglycaemic animals in AC and OT sublines 
showed similar glucosyltransferase activity as the 
nondiabetic M and AV subline animals. 

the incorporated radioactivity recovered in the 
alkaline hydrolysate of the reaction products was 
retained by cation exchange resins [2]. Therefore, the 
degraded gelatins appeared to serve as adequate sub- 
strates for UDP-glucose: galactosylhydroxylysine 
glucosyltransferase. The enzymes isolated from 
either cortex or medulla showed similar specific 
activity, in terms of unit/mg proteins, as that from the 
whole kidney in the Chinese hamsters. It was difficult 
to compare our data to those found by Haft and 
Reddi in the rat [2] due to differences in animal 
species, methods of enzyme fractionation, and sub- 
strates used in the enzyme assay. In subsequent 
studies, it was decided to use whole kidney as the 
source of enzyme. 

Our findings showed significant correlation be- 
tween the degree of hyperglycaemia and renal 
glucosyltransferase activity in diabetic Chinese ham- 
sters from some sublines but other unknown genetic 
determinants appeared to play additional roles in 
regulating the activity of this enzyme in the Chinese 
hamster kidney. It is notable that one of the sublines, 
i.e., AC, which contained diabetic animals with 
essentially normal kidney glucosyltransferase activ- 
ity, also showed anomalies in other diabetes-related 
changes. Specifically, diabetic Chinese hamsters from 
most sublines showed depression of renal a-D-galac- 
tosidase (EC 3.2.1.22) and /3-D-galactosidase (EC 
3.2.1.23) levels [7] and elevation of plasma N-acetyl- 
/3-D-glucosaminidase (EC 3.2.1.30) [8] whereas the 
diabetic Chinese hamsters in the AC subline ex- 
hibited similar levels of these enzymes as the nondia- 
betics. Most importantly, the AC subline diabetic 
animals also showed thinner renal glomerulus capil- 
lary basement membranes than the diabetic animals 
from other sublines with similar degree of hypergly- 
caemia [16]. Therefore, predisposed genetic factors 
are likely to play roles in the various forms of diabetic 
complications and this may offer an explanation for 
the lack of uniformity in the occurrence of complica- 
tions of diabetic patients. 

Discussion 

The purpose of this study was to investigate the cor- 
relation between hyperglycaemia and kidney 
glucosyltransferase activity in the highly inbred Chi- 
nese hamsters with spontaneous diabetes since the 
significance of this enzyme in the development of 
diabetic nephropathy [1-3] remains controversial [4, 
5]. The assay employed was the convenient proce- 
dure devised by Draeger and Weithmann [11] using 
degraded gelatin as acceptor for glucose. Our data 
confirmed the specificity of the assay since 79% of 
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