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Abstract. Phosphatidylethanolamine methyltransferase, phosphatidyldimethylethanol- 
amine methyltransferase, and choline phosphotransferase enzymatic activities (nmole PC 
formed min/mg protein) have been determined in liver microsomes of alloxan diabetic rats. 
There was a significant reduction in the methylation pathway in the conversion of phospha- 
tidylethanolamine to phosphatidyl choline as demonstrated in the low value of the phospha- 
tidylethanolamine methyltransferase and phosphatidyldimethylethanolamine methyltrans- 
ferase in those diabetic rats with blood glucose levels greater than 600 mg%. The reduction 
was 49 and 48% decrease over controls, respectively. There was a significant increase in the 
choline phosphotransferase in the diabetic rats. The increase was 92% over controls for the 
rats with blood glucose of 461 mg% and 55% over controls for the rats with blood glucose 
946 mg%. 

Phosphatidylcholine (PC) is the major 
phospholipid in plasma, nuclear, mito- 
chondrial, and endoplasmic reticular (mi- 
crosomes) membranes of all cells. Phospha- 
tidylcholine represents 45% of total lipid 
phosphorus of mitochondria, 48.5% of total 
lipid phosphorus of microsomes (1, 2), and 
37.4% of total lipid phosphorus of plasma 
membranes (3). Johnson and Cornatzer (1) 
report a significant decrease in whole liver 
microsomal phospholipid-P and total liver 
phospholipid-P per milligram in alloxan 
diabetic rats compared to controls. Corder 
and Kalkhoff (4) have demonstrated a sim- 
ilar significant decrease in total liver phos- 
pholipid-P and a decrease in [ 14C]palmitate 
incorporation in liver phospholipids in dia- 
betic rats. Karageosian et al. (5) observed a 
statistically significant reduction in the con- 
centration of PC and phosphatidylethanol- 
amine in liver of diabetic rats. Turakulov et 
al .  (6 )  showed a similar reduction in the 
concentration of total liver PC. Phospha- 
tidylcholine biosynthesis in liver micro- 
somes is known to occur by two major dif- 
ferent pathways. The Kennedy (7) pathway 
involves choline phosphotransferase which 

catalyzes the following reaction: cytidine 
diphosphocholine- 1,2-diacylglycerol to form 
PC + CMP. The Bremer-Greenberg (8) 
pathway involves phosphatidylethanol- 
amine methyltransferase which catalyzes 
the following reaction: phosphatidyletha- 
nolamine + S-adenosylmethionine, with 
progressive methylation to  form PC. In 
view of these observations for a reduction 
of the PC concentration in the diabetic state, 
experiments were undertaken to measure 
the enzymatic activity of the two enzymes 
involved in hepatic biosynthesis of PC in 
alloxan diabetic rats. 

Materials and Methods. Female albino 
rats of the Sprague-Dawley strain (150- 
190 g) were used in all experiments. Animals 
fasted 24 hr were made diabetic by injecting 
intraperitoneally 145 mg/kg body wt of al- 
loxan monohydrate (9). After 9-12 days, 
animals with blood sugar levels above 360 
mg/100 ml were selected for experimenta- 
tion. The diabetic and control rats were 
killed by decapitation, the livers were re- 
moved, rinsed with cold water, blotted, and 
homogenized in ice-cold 0.25 M sucrose in 
a Potter-Elvehjem homogenizer with a 
Teflon pestle. The microsomal fraction was 
isolated by differential centrifugation and 
protein was determined as 
scribed (lo). 

assay of the reaction catalyzed by the en- 
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zyme CDP-choline: 1,2-diacylglycerol cho- 
line phosphotransferase (EC 2.7.8.2) was 
done by the Kennedy and Weis method (7). 
The materials used were cytidine diphos- 
phate-[ 1 ,2-14C]choline (ICN Tracerlab 
Chemical and Isotope Division, Irvine, 
Calif.) and Tween 20 (Sigma Chemical Co., 
St. Louis, Mo.). Diacylglycerol was pre- 
pared from egg lecithin by the Gurr, Brind- 
ley, and Hubscher method (1 1) and purified 
by the Barron and Hannahan chromato- 
graphic method (12). Each reaction mixture 
contained 60 pmole 1,2-diacylglycerol 
emulsified in 0.1 ml of 1% Tween 20, 10 
pmole MgCl.,, 0.5 pmole CDP-[ 1 ,2-14C]- 
choline (sp act, 4 x lo5 cpmlpmole), and 10 
mg microsomal protein. The final volume of 
the reaction mixture was 1.3 ml. The reac- 
tion time was 6 min. The reaction was ter- 
minated by the addition of 3.0 ml95% etha- 
nol and the product was isolated by repeated 
extraction with ethanol and chloroform (7). 

Phosphatidyldimethylethanolamine meth- 
yltransferase assay. The assay of the last 
step in the methylation of phosphatidyleth- 
anolamine to PC, catalyzed by phospha- 
tidyldimethylethanolamine methyltransfer- 
ase, was performed using the Rehbinder 
and Greenberg method (13). The reaction 
mixture contained 1.75 mM egg phospha- 
tidyldimethylethanolamine (Avanti Polar 
Lipids, Birmingham, Ala.) 6.3 mM sodium 
deoxycholate, 0.3 M Tris-HCl buffer, pH 
8.6,  0.35 mM S-adenosyl- L-[ methyl-14C]- 
methionine (0.1 mCi/mmole, New England 
Nuclear), and microsomes (1-2 mg) in a 
final volume of 1.15 ml. The assay was initi- 
ated by the addition of microsomes. Reac- 
tion time was 15 min at 37”. The reaction 
was terminated with 0.10 ml HCl and the 
product was isolated by the method of 
Bligh and Dyer (14). 

Phosp ha tidy le t h a n o 1 am in e met h y 1 trans- 
ferase assay. The rate-limiting step in the 
methylation pathway was measured by a 
modified method of Bremer and Greenberg 
(15). The reaction mixture contained 2 mg 
egg PC (Sigma Chemical Co.), 0.9 mM so- 
dium deoxycholate, 0.3 M Tris-HCl buff- 
er, pH 8.6, 0.2 mM S-adenosyl-L-[methyl- 
14C]methionine (0.1 mCi/mmole, New En- 
gland Nuclear), and microsomes (1 -2 mg 
protein) in a final volume of 1.4 ml. The 

assay was initiated by adding microsomes, 
reaction time was 15 min at 37”, and the 
reaction was terminated with 0.15 ml of 
HCl. The 14C-labeled reaction product, PC, 
was extracted according to the Bligh and 
Dyer procedure (14). 

Results and Discussion. The enzymatic 
activities of choline phosphotransferase, 
p ho sp hat idyldime t h y le t hanolamine methyl- 
transferase and phosphatidylethanolamine 
methyltransferase were linear with time 
and concentration of enzyme for the con- 
trols and diabetic animals as previously re- 
ported (16). 

The effect of alloxan diabetes on the spe- 
cific activities (nmole phosphatidylcholine 
formed/min/mg protein) of these enzymes 
in liver microsomes is given in Table I. 
There is a significant reduction in the 
methylation pathway in the conversion of 
phosphatidylethanolamine to PC as demon- 
strated in the low values of the phospha- 
tidylethanolamine methyltransferase and 
phosphatidyldimethylethanolamine methyl- 
transferase in diabetic rats with blood glu- 
cose levels greater than 600 mg%. There is 
a significant increase in the choline phos- 
photransferase in the diabetic rats. Young 
and Lynen (17) reported a similar increase 
in the specific activity of the choline phos- 
photransferase in ketotic diabetic rats; 
however, the blood sugar data were not 
given. A number of investigators have 
demonstrated that the “pool size” or total 
liver phospholipids decrease in diabetes (1, 
4). The major phospholipid, PC, found in 
liver cellular membranes has been shown to 
decrease in diabetes (1, 5, 6). Johnson and 
Cornatzer (1) demonstrated this decrease in 
liver microsomes. It would be anticipated 
that this decrease in the pool size of PC in 
liver microsomes would be reflected in the 
biosynthetic pathway of PC synthesis. The 
data of Table I demonstrate a significant 
decrease in the specific activities of both 
p ho s p hat id y let hanolamine met h yltran sfer- 
ase and p hos p hat idyldime t h y let hanolamine 
methylation in liver microsomes of diabetic 
rats with blood sugar greater than 600 mg%. 
This decrease in the nanomoles of phospha- 
tidylcholine formed/min/mg protein pro- 
duced by this methylating pathway could 
reflect the decreased concentration of PC 
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TABLE I. EFFECT OF ALLOXAN DIABETES O N  PHOSPHATIDYLETHANOLAMINE METHYLTRANSFERASE, 
PHOSPHATIDYLDIMETHYLETHANOLAMINE METHYLTRANSFERASE, A N D  CHOLINE PHOSPHOTRANSFERASE 

ACTIVITIES I N  LIVER MICROSOMES FROM FEMALE RAT 

Specific activity (nmole phosphatidyl choline formed/min/mg protein) 

No. Blood Phosphatidyl- Phosphatidyl- 
of glucose ethanolamine dimethylethanolamine Choline 

animals (mg%) methyltransferase methyltransferase phosphotransferase 

Control 6 106 ? 18" 1.47 t 0.16 24.11 ? 3.69 3.33 ? 0.85 

Diabetic 8 461 $ 139" 1.66 t 0.31 26.97 * 3.04 6.40 ? 1.60" 
12.53 t 3.09" 5.18 t 2.29** 5 946 2 152" 0.75 2 0.04" 

' I  Values are standard deviations. The test of significance was applied between controls and diabetics. 

** P < 0.01. 
* P < 0.001. 

observed in diabetic rats ( 1 ,  5, 6). The 
methylation pathway of the conversion of 
phosphatidylethanolamine to PC has been 
estimated to contribute an average of 28% 
of the total PC synthesized in rat liver (18). 
Wise and Elwyn (19) have estimated that 
the methylation pathway for the conversion 
of phosphatidylethanolamine to PC pro- 
vides 13 pmole choline/day/g of liver or 
equivalent to the normal dietary intake of 
choline/day for the rat. Phosphatidyletha- 
nolamine, the substrate for the phospha- 
tidylethanolamine methyltransferase occurs 
in high concentration in liver microsomes 
(1). The other synthetic pathway for PC 
biosynthesis is by choline phosphotransfer- 
ase. The activity of the choline phospho- 
transferase in liver microsomes is directly 
dependent upon the level of dietary methi- 
onine and choline (10). The increased activ- 
ity of choline phosphotransferase observed 
in diabetic rats may be due to changes in 
some other cellular compounds, such as 
cyclic AMP (20), which is known to in- 
fluence the activity of this enzyme. The ob- 
served decreased synthetic pathway of PC 
biosynthesis by methylation of phospha- 
tidylethanolamine in diabetic rats must be 
larger than the concomitant increase cho- 
line phosphotransferase pathway to result 
in the decreased total PC that has been ob- 
served in membranes of diabetic animals (1, 
5, 6). What is regulating these two biosyn- 
thetic pathways in diabetes is not known. 
This decrease in the methylating pathway 
that is observed in diabetic rats could 
change the composition of phospholipids 

and properties of the cellular membranes 
since this pathway provides phosphatidyl- 
cholines with more polyunsaturated fatty 
acids than the CDP-choline pathway (21, 22). 
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