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SUMMARY: Phosphoenolpyruvate carboxylase of Esoherichia coli was 
found to be remarkably activated by free fatty acid, euc= 
laurate and oleate, and by its CoA-derivative-. The regulatory 
site of the enxyme for binding with these compounds was discrimi- 
nated from the site for acetyl-CoA (one of the allosteric activa- 
tors), on the basis of the isolation of the mutant having the 
altered phorrphoenolpyruvate carboxylaee which is almost insensitive 
to these oompounds but still sensitive to acetyl-CoA. Physiologi- 
cal significance of this activation was also discussed. 

Phosphoenolpynnrate carboxylase (PF,P oarboxylase, EC 4.1.1.31) 

of Enterobacteriaceae is an allosteric enxyme, which is activated 

by acetyl-CoA (1,2) and by frUOtoS8 1,6-diphosphate (3,4) and 

inhibited by L-aspartate (2,5,6), fumarate (5,6) and L-malate 

(5,6). As a curious property of this enxyme, the activity is 

remarkably enhanced by high concentrations of various organic 

solvente suah as dioxane, alkylcellosolves, alcohols and dimethyl- 

sulfatie (7,8). During the oourse of our investigation on the 

mechanism of this activation with the E. enl;yne, we found 

that long-chain alaohols are also powerful activators at muah 

lower oonaentrations: A.=., 0.3 ml4 n-heptyl alcohol gave a r-fold 

activation, while 1,000 mM ethanol wacr required for the same 

extent of activation. This observation led u6 to the disoavery 

of the aativatiOn by long-chain free fatty aaids (FAs) and their 

CoA derivatives (FA-COA) uhich are presumed to be normal met&a- 
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TABLE I 

Activation of PEP Carboxylase by Free FAs. 

Addition Concentration Tween 80 Activity 

64 (0.006qb;) (cpm fixed/min) 

None 
I, 

Caprylate 
tt 

" 

Laurate 
II 

I, 

Myristate 0.02 

91 0.2 
,I 1.0 

Palmitate 
,I 
" 

" 

Stearate 
,I 
,I 

" 

Oleate 
I, 

None, minus PEP 

Laurate, minus 
PEP 

1.0 

3.0 
10.0 

0.2 
1.0 

1.0 

0.002 

0.02 

0.2 

1.0 

0.002 

0.02 

0.2 

1.0 

0.2 

1.0 

1.0 

+ 

+ 

+ 

+ 

+ 

1,420 

1,450 

1,620 

2,270 
6,250 

12,330 
15,280 

15,540 

4,470 
5,220 

4,930 

1,540 
1,980 
1,400 

1,250 

1,480 

1,490 
1,400 

920 

14,170 
220 

40 

60 

Partially purified PEP oarboxylaee of 2. coli W cells was 
prepared as described previously (4,13). The Gy mixture oon- 
tained the following con$&ituent;s in 010s 
PEP, 0.4; M&04, 1.0; NH CO (6 x 10 Y 

in 0.10 ml: potaesium 
<r$x&#~le), 1.0; NADH2, 0.1; 

Tria-HpSOq buffer (pH 8.5), 20; 1 I.U. of malate dehydrogenase 
(EC 1.1.1.37); the enzyme (3 pg of protein) and free FA as indi- 
cated. The reaction was carried out at 30°C for 5 min, and 
terminated by adding 0.40 ml of 0.05 N HCl. The radioactivity 
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incorporated into malate was measured. The activity is indicated 
as total radioactivity inoorporated per min under the assay con- 
ditions. For the preparation of FA eolution, 0.5 ml of ether 
solution of FA was mixed with 10 ml of 0.1 M Tris-HZS04 buffer 
(pH 8.5) containing or not containin 

7 
Tween 80 and the mixture 

wae homogenieed with a Thermo-Mixer Thermonics Co. Ltd. Tokyo) 
under reduced pressure until evaporation of ether. Because of 
salt formation of FA with MS+, the clear reaction mixture was 
not obtained and the concentration given in the table is for the 
maximum possible concentration to which the enzyme was subjected. 
It was confirmed in a separate experiment that the effects of these 
PAa on malate dehydrogenaee, which is the other enzyme component 
of the assay system, were negligibly small. 

lites in the cells. Although a number of enzymes have been re- 

ported to be inhibited by free FA (o-12), it seems that no eolu- 

ble enzyme has ever been described which is activated by free FA. 

The present communication describes the activation of the 

enzyme by free FA and FA-CoA, and disouaees its physiological 

signif icanoe. 

Table I shows the effects of various free FAs on the PEP 

carboxylase activity. As can be Been from the table, free satu- 

rated FAs activated the enzyme to varioue extents at the ooncen- 

tration of 1 z&l and the degree of activation increased with the 

increase in the chain length of FA up to laurate which showed 

the maximum (lo-fold) activation. Further increase in the chain 

length of FA showed a tendency to decrease the extent of acti- 

vation. Stearate ahowed no activation at the concentration of 

0.2 Ia. 

Fig. 1 shows the effect of increaeing oonoentrationa of 

laurate and oleate on the enzyme activity. The activity was 

increased by inoreaeing the concentration of laurate. In the 

ease of oleate, on the other hand, the activation reached a 

maximum at 0.2 mM and then deoreased with inoreaaing conoent- 

ration9 of it. The conoentratfona required for the half-maximum 

activation, %.5 values, of laurate and oleate were 0.12 mM and 
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FA (mM) 

Fig. 1. Effect of increasing concentrations of laurate and 
oleate on the PEP carboxylaee activity. The reaction aondition8 
were the came 82) described in Table I. When the sffoct of oleate 
wao examined, 0.01% Tween 80 wao used a8 diapersing agent, but not 
used in the ease of laurate. 

0.06 mM, reepeotively. The values for the eaturated acids with 

shorter chain length than laurate were much larger than that for 

laurate though not given in figures. 

A8 in the oaee of free FAs, lauryl-CoA and oleyl-CoA ehowed 

a powerful activation (lo-fold). Unlike to palmitate, palmityl- 

CoA showed a 2-fold activation (Fig. 2). A0 s values of lauryl- . 

CoA and oleyl-CoA were 0.04 mM and 0.06 mU, reepeotively. If is 

intereetiug to note that the eneyme affinity for lauryl-CoA is 

3 Clmee ae high as that for free laurate. 

In order to investigate the nature of activation by lauryl- 

CoA, the activation kinetioa was followed by the speotrophoto- 

metric method (1). Ae a result of the experimente, thr aotivation 

occurred without lag aud it wae releaeed reversibly by the ad- 

dition of bovine eerum albumin (15). The enayme affinity for 

PEP wa6 inoreaaed by the addition of lauxyl-CoA, and A0 s of . 
lauryl-CoA wae decreased by fructose 1.6-diphoepbate and in- 
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0 0. I 0.2 

FA- CoA ( mM 1 

Fig. 2. Effeot of increasing conoentrations of lauryl-, 
oleyl- end palmityl-CoA on the PEP oarboxylaee activity. The 
reaation conditions were the 8-e ae described in Table I. 
Tween 80 was not used. Lauryl- end oleyl=CoA were synthesized 
aooording to the method of Uoldman and Vagelos (14). Palmityl- 
CoA wa8 purchased from Sigma Chomioals Co. Before the ube of 
FA-CoA crolution, it was aoidified with 0.1 N HCl and 8haken with 
ether to remove free FA end then neutralised with 0.1 N NaOH. 
The effeot8 of these FA-GoA on malate dehydrogenaee, which i8 
the other ensyme component of the asrray by&em, wore negligibly 
8mall under the oonditions employed. 

oreacred by aaetyl-CoA or aspartate. The inhibition by aspartate 

wa8 gradually relearred with increasing concentration8 of lauryl- 

CoA and the presence of aspartate increased the oooperativity of 

lauryl-CoA. The detailed re8ult8 will be pre8Onted elsewhere. 

The site of the en-me for binding with free FA or FA-CoA 

8eent8 to be different from the 8ite for aoetyl-CoA. The isolation 

of a mutant po86e8eing the altered PEP aaZ?bOXylalr@ whicrh had lo6t 

the 8en8itivity to laurate, lauryl-CoA 8nd Organic solvent such 

a8 dloxane, in combination, but retained the senrritivity to acetyl- 

CoA, eupportrr the view mentioned above (Table II). Although a weak 

aotivation by palmityl-CoA wa8 fir8t reported by Cooper and Benediot 

(17) with pyruvate oarboxylase (EC 6.4.1.1) of yeah, the fact of 

8imilar aotivation by aoetyl-CoA end CoA in their oa8e rather sug- 

ge8t8 the identity of the 8ite for theee three oompounds. 
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TABLE II 

Effect of Laurate and Lauryl-CoA on the Activity of 

Mutationally Altered PEP Carboxylase. 

Addition 

Activity 

(cpm fixed/min) 

Wild Ts 2-6 

None 1,300 340 

Acetyl-CoA (0.3 mM) 10,790 4,000 

Dioxane (0.5 M) 9,730 670 

Laurate (1 n&i) 6,840 750 

Lauryl-CoA (0.07 mM) 6,700 620 

The reaction conditions were the same as deecribed in Table I. 
The etrain TS 2-6 uhich po8sesses the mutationally altcrred PEP 
carboxylaee was obtained ad a revertant from PEP carboxylaee-noga- 
tive mutant (PPC-2, ieolatod by Glanedorff (16)). Crude cell-free 
extract (50 JL~ of protein) of the TS 2-6 cells was ueed as the 
enzyme. 

The results obtained above strongly suggest that free FA or 

FA-CoA ie the third physiologiaal activator of PEP carboxylase of 

As to ite phyeiological function, the following mecha- 

niem is euppoaed to be operative in the control of this enayme 

activity. The flow of PEP produced in glycolyeie is branched 

mainly into two pathways for the production of oxaloacetate (OAA) 

(I) and acetyl-CoA (II), a part of which is utilized for FA 

synthesis. When the demand for FAs is supplied enough in the 

Aspartate 

Glucose --L - -  

hcetyl- Coh- 
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cell -this mumt be reflected in high level6 of FA or FA-CoA--, 

these oompounde channels the metabolic flow of PEP mainly into the 

supply of OAA (I) through a mechanism of this activation. Thus if 

glucose and FAs are available to the organism as carbon eouroe, 

this ohanneling may presumably be useful for cellular economy, 

beoauee acetyl-CoA is abundantly supplied through &oxidation of 

FA. In this regarde, it is interesting that pyruvate kinaee (EC 

2.7.1.40) has been reported to be inhibited by FA or FA-CoA in rat 

liver (10) and Arthrobacter orvetallopoietee (12). If thzL8 is to 

be the case with g. , this channeling may be more effeotively 

acoompliehed. 

Recently it has been reported by numerous workers that free 

PA or FA-CoA takes a role in metabolic regulation by inhibiting 

some enzyme activities (q-12). However, as is well known, long- 

chain FA or FA-CoA i.8 a etrong eurfactant and ooneequently a doubt 

is thrown by other workers on its phyeiological meaning in metabolic 

regulation (18). If FA or FA-CoA participates In metabolic regu- 

lation as effector, the alloeteric activation of enzyme by theee 

ooetpounde must be found in living organism. In fact, this aati- 

vation of PEP oarboxylaee of g. coli reported here eeeme to be 

the first oaee. Details of the activation is now under inveetl- 

gation. 

43-M - The authors arm very grateful to Dre. N. 
Glanudorff and E. Vanderwinkel. Univerefte de BNSllSS. et 
fnetitut de Reoherohee du C.E.R.I.A. for their generous gift of 
PEP oarboxylaee-negative mutant, and to Dr. M. KAto, Inetitute 
of Food Soienoe, Xyoto University, and to Dr. Nagai in this 
laboratory for their useful dieoueeione. 
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