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In previous pre&ninary communications from this laboratory (Gibson, 

et al., ly60 a,b) it was reported that the specific ensynm activity of a 

soluble fatty acid syntnesizing system frcm rat liver supernatant was markedly 

depressed if the preparation was obtained from.alloxan-diabetic or from 

starved rats. The activity was normal or abow normal if the diabetic rats 

were pretreated uitll insulin or the starved rats refed. These results were 

obtained with both the whole supernatant from liver homogenates and the 

deriwd dialyzed 0-&% ammonium sulfate fraction. 

As in previous studies with avian liwr (Gibson, et al., lY58), the 

purified rat liwr system required supplementation with separate acetyl CoA 

and TPNH generating systems. Since the supply of acetyl CoA and TPNH was 

not limiting, the diminished activities observed in diabetes and starvation 

could therefore be attributed to a defect in the enzymes directly concerned 

with the synthesis of fatty acids from acetyl CoA. Other factors or ems 

that may influence fatty acid formation by intact cells or even by undialyzed 

liver supernatant leg. endogenous TPNH generation) could be excluded by using 
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this assay system. Acetyl CoA carboxylase activity (Wakil, 1958; Forrsica and 

Brady, lysy; men, 1YsY) was not impaired in diabetes or starvation. Indeed, 

specific activity levels greater than normal were observed (Gibson,et al., 1960). 

In the present study the rate of incorporation of 2-C%Mlonyl CoA 

into fatty acids was measured simoltaneously with t& rate of malonyl CoA- 

dependent oxidation of TPMi usm@; the dialyzed 0-4O% amonium milLate sub- 

fraction prepared from diabetic and starved rata. The evidence presented in 

Tables 1,and II indicates tnat, in the liver fractions obtained from alloxan- 

diabetic rats and from rats starved for a brief period (48 hours), the specific 

enzyme activity both of malonyl CoA incorporation into fatty acids and of 

simultaneous TPNH oxidation was greatly diminished. After injecting insulin 

into the alioxan-diabetic rats (which were fed throughout the experiment), 

or refeeding the starved rats (for 48 hours), the specific activity rmasure- 

ments were at normal or greater than normal levels. 

The observed defect could not be caused by a dialyzable inhibitor, nor 

could the diminished concentration of enzyme be explained in terms of a 

change in the fractionation characteristics of the liver constituents. The 

yield of enzyme per liver in the O-40% ammonium sulfate fraction is virtually 

the same whether derived from homogenates prepared in phOSphate buffer 

(0.1 N, pH 7.5) or in unbuffered sucrose solution (0.25 H), irrespective 

of the nutritfonal state of the animal. 

Inthe rat liver system,asin atian liver systems (Wakiland Ganguly, 

1959; Steberl, et al., 1960), acetyl CoA is necessary for optimal incorporation 

of malonyl CoA into fatty acids and for TPNH oxidation. Butyryl COA can 

completely replace acetyl CoA. This is observed in liwr preparations from 

both the diabetic and ins--treated diabetic rats (Table III). Thus, in 

this system, butyryl CoA does not uniquely restore activity to the impaired 

diabetic preparation (Shaw, et al., 1957). 

Under the conditions of these assays (employing the 0-40% fraction, 

TPNH, 2-Cknalonyl CoA, acetyl CoA at pH 6.5) normal microsomes (prepared 
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Table I 

Mal.ouyl CoA Incorporation into Fatty Acids 
by Liver l3nsyme Fraction from Nom& Allo~au- 

Diabetic, aud Insulin-Treated Diabetic nats 

Specific pym Enzyme Yield * ' Ave. 
Actitity Liver 

Weight 
Incorp. TPNH Incorp. kd 

Series A 
Normal. 60. 19. 15. 4.8 12,.‘9 
!EE :: 3: 19. 1.8 ::3 10.2 6.5 

Series B 

Normal 69. 19. 15. 4.0 9.9 
Alloxan 7.8 4.9 5.8 
Insulin 39. 31. Z 9.4 

*Specific Eusym Activity: -A 
iu O-4@ fraotion; aud mpmles 

ales TPNHper 5min.permg protein 
P-Cl4 mlonyl CoA incorporated into fatty 

acids per 5 min. per mg protein in O-40$ fraction 
*Enzyme Yield: -4 

r 
les TPNH per 5 min. (in the O-LO% fraction) 

per liver; and pmoles 2-C malonyl CoA incorporated into fatty acids per 
5 min (in tbz 0-4s fraction) per liver. 

78 mpmoles of 2-&Lmalonyl CoA (prepared by the method of Trams and 
Brady) were incubated with 20 mqrmoles of acetyl CoA, 100 quuoles of TPNH, 
20 pies of potassium phosphate buffer (pH 6.5) and 50 to 500 E of enzyme 
in a fine1 volume of 0.40 ml at 38'. Oxidation of TPM? was followed continuously 
at 340 up (with au incubation mixture coutaiuing no malonyl #A as blank). 
The reaction was stopped after five minutes with alcholic KOH. Foliowing 
saponification and acidification of the UiiXtw8, fatty acids were extracted 
into pentane, plated and counted. Protein was determined by the biuret reaction. 

Rats were made diabetic by a single intravenous injection of alloxan 
(4.0 mg alloxau per 100 gm body weight)'. After 7 days rats having high 
blood glucose levels were desiguated the diabetic group. From these a number 
were raudonUy selected for iusuliu treatmemt (average% 4 units of prow- 
zinc insuU.u per 100 gm body weight per day). after four additional days 
the diabetic, the iusuliu-treated diabetic and normal coutrol rats uere 
kilied. 

The fatty acid synthesisiug euaym fraction was prepared by homogenizing 
freshly extirpated liar tith 3 volumes of.O.1 M potassium phosphate buffer 
(pH 7.5) iu a teflon-glass homgeuieer for a period of less than oue ndmrte. 
The homogenate was centrifuged at 70,000 g for 100 minutes, The clear super- 
uatant was removed by syringe to avoid contamination with the overlslng fatty 
layer or With the sediment. The O-408 anoaonium sulfate subfraction of the 
supernatant was dialyzed and cleared of any insoluble matter before enr,yrpe 
analysis. 
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Table II 

Malonyl CoA Incorporation into Patty Acids 
by Liver Enzyme Fraction from Normal, 

Starved and kefed hats 
1 

SpeCifLC pyme lbzynie Yield * Ave. 
Activity Lioer c ' Weight 
Tmi Incorp. TPNH Incorp. UP) 

Series A 
R?iizir 66. 17. 10. 2.4 10.4 

Starved 2: 1.4 1.6 0.18 Hefed 27. 13. 4.2 3 

Series B 
- 69 l.4. 4.0 0,.81 
Starved 18 2.7 0.90 o.ll+ 
Refed 96 27. 7.0 2.0 

* 
Assay conditions the same as in Table I. A group of rats previously fed 

a balanced stock diet (Wayue Lab-B&x, Allied Milia, Inc.) were stamd for 
2 days. Part were killed for analysis. The remainder were refed the stock 
diet for an additional 2 day period after which time they were killed along wit 
the control series. 

Table III 

Comparison of Acetyl aud Butyryl CoA 

Specificgnqmebctivit~ 
TPNH Incorp. 

Alloxan 
-1CcA 
2-Clb4al CoA + Acetyl CoA 

8.6 

2-&-HalCoA+ Butyryl CoA 2: 
;:i 

Il. 

wl CoA 
2-dhal COB + Acetyl CoA 
2-&&MalCoA+ Butyrgl COA 

TPMi 
Incorp. 
Katio 

3.2 

22 
3.7 

* -Ar ales TPNH per 5 miu permg protein (O-40% fraction); and 
mpmles 2-C -malonyl CDA incorporated into fatty acids per mg protein. 
Same assay conditions as in-Table I. Where indicated, 63 qmoles of 
butyryl CoA were added. 
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in 0.25 M sucrose) did not stimulate malonyl CoA incorporation into fatty 

acids. This is in keeping with previoas observations with atian liver that 

(microsome-bound) enoyl reductese is not a component in this biosynthetic 

system (Gibson, et al., 1958). Consequently, the reported reduction of enoyl 

reductase activity in alloxan-diabetes (Batthes, et al., 196Q), is probably 

not limiting malow1 CoA incorporation into fatty acids. 

Mabetes and starvation are associated with a marked enzymic Summary. 

defect in the direct conversion of malonyl CoA to long chain fatty acids by 

liver. The enzyme impairment is restored by pretreating the diabetic auimal 

with insulin or by refeeding the starved animal. 
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