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at 55 ° for 5 min. The inactivation could be prevented almost completely by the presence 
of 15 mM aspartate. Fumarate and malate were also effective, whereas oxaloacetate, 
PEP and CoASAc were not so effective. Therefore, the form of the enzyme bound with 
the inhibitor seems more heat-stable. 

Phosphoenolpyruvate carboxylase from spinach leaves prepared according to 
the method of BANDURSK111 was neither activated nor inhibited by aspartate. There- 
fore, a special device for controlling the activity is supposed to be inherent in the 
enzyme from Enterobacteriaceae. 

From the facts presented above, aspartate seems to cause an inhibition of the 
enzyme by occupying the site(s) distinct from the active site. 
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Comparative effects, in vitro, of various detergents on liver glucose-6-phos- 
phate phosphohydrolase, inorganic pyrophosphate-glucose phosphotrans- 
ferase, and acid inorganic pyrophosphatase activities 

A variety of detergents previously have been demonstrated to affect the hydrol- 
ytic activity of classical liver glucose-6-phosphate phosphohydrolase (EC 3.1.3.9) 
(see, for example, refs. 1-6). Recent studies 7-1a indicate that this enzyme also catalyzes 
the hydrolysis of PPi and the transfer of a phosphoryl group from PPi to the hy- 
droxyl group attached to the number six carbon atom of glucose. Deoxycholate 
was employed as activating detergent in these studies which were carried out in our 
laboratory 7-11, while Triton X-ioo was employed elsewherO~, 13. The effects of a 
variety of other anionic, cationic, and non-ionic detergents on the various hydrolytic 
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and  synthet ic  activities of this enzyme recently have been invest igated.  Results of 
these studies, which indicate  the ra ther  general na ture  of detergent  effects on these 

enzymic activities, are described in this communicat ion.  
Sources of detergents were as follows: Anionic de tergents- -deoxychol ic  acid 

(Mann Research Laboratories),  cholic acid (Calbiochem), and sodium lauryl  sulfate 
(Fisher Scientific Co.). Non-ionic de t e rgen t s - -Tr i t on  X-Ioo (Rohm and Haas), 
Tween 20 and  Tween 80 (Atlas Chemical Co.). Cationic de te rgen t - -ce ty l t r ime thy l  
a m m o n i u m  bromide ("cetrimide", Eas tman  Organic Chemicals). Detergent  solutions 
were neutral ized with dilute NaOH solution where necessary. Sources of other chemi- 
cals were as previously described 7,9. Young, male, albino rats, obta ined from Sprague-  
Dawley, Inc., Madison, Wisc., and main ta ined  on stock Pur ina  Lab Chow and tap 
water, ad libitum, were employed. Animals  were decapitated,  and  livers were removed, 
blotted,  homogenized in ice-cold 0.25 M sucrose solution for 1. 5 rain in a P o t t e r -  
Elvehj em homogenizer operat ing at 600 rev. /min,  and di luted with the sucrose solution 
to 15 ml per g liver. Aliquots (8.0 ml) of the homogenates then were supplemented with 
2.0 ml of deionized water or of detergent  solutions of appropriate  concentrat ions,  and 
were allowed to s tand  at o ° for 30 rain before assays were carried out with o . i -ml  
aliquots. Assay mix ture  composit ions were as follows : PPi-glucose phosphotransferase 
mixtures ,  pH 5.5, conta ined 40 mM sodium cacodylate buffer, 20 mM PPi,  and 18o mM 
D-glucose. Inorganic  pyrophosphatase  mixtures,  pH 5.5, conta ined 4 ° mM sodium 
cacodylate buffer and IO mM PPi. Glucose-6-phosphate phosphohydrolase mixtures,  

A 

./ i : k 
20C 

15C III /~z~ ~ It 
I/ .' 

:s loc 

>o 5c 

~" 2.6 ~.o o 

B 

120 z" ~ Xx 

lOO '~ 2t~ 

8o ,, "~ 

6C \ z~ 
\ \ 

4C \ 

\ 
2C % 

~/ 2.0 1.b 6 
-log detePgent conch. (%) 

C 

1BE 
A 
/ ~, D 

15c / ~ ~.~ 

t / / / a , \  

6!L,, \' 30 ~ \ .  

~A 
2.8 '6 6 

Fig. i. Effects of various detergents on (A) PPi-glucose phosphotransferase, (B) glucose-6-phos- 
phate phosphohydrolase, and (C) inorganic pyrophosphatase activities. Enzymic activity values 
are expressed in terms of per cent of activity observed in the absence of added detergent. Results 
obtained with various detergents are designated as follows: O- -©,  deoxycholate; IN-- - - [ ] ,  
Triton X-ioo; A - - ' - - A ,  cetrimide; x . . . . .  x, cholate; O--Q, Tween 20; I - - - - - - I ,  Tween 
80; A- - - - -A ,  sodium lauryl sulfate. For simplicity of presentation, detergent concentrations are 
recorded on the axis of abscissas in terms of per cent (v/v) for Triton X-Ioo and Tweens 20 and 
80, or as per cent (w/v) for all other compounds. Molar concentrations may be calculated, where 
molecular weights of detergents are known with certainty, on the basis of the relationship that 
a o. 1% solution of the following compounds corresponds with the indicated molar concentration : 
sodium deoxycholate 2.55 mM; sodium cholate 2.45 mM; sodium lauryl sulfate 3.46 raM, and 
cetyltrimethyl ammonium bromide 2.75 raM. Concentration values in all instances refer to 
detergent concentrations in liver homogenates. 
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pH 6.5, conta ined 4 ° mM sodium eacodylate buffer and 20 mM glucose-6-P. The 
volume of all assay mixtures  was 1.5 ml;  incubat ions  were carried out for IO min at 
30 J= o.I °, with shaking. Other details on assay procedures were as described previ- 
ouslyT,9. 

Results obtained are presented in Fig. I. The various detergents appear to fall 
into two groups on the basis of their effects on these enzymic ac t iv i t ies- - those  which 
act ivate  (deoxycholate, chelate, Tr i ton  X-Ioo,  and cetrimide), and those which inhibi t  
progressively with increasing concentra t ion (sodium lauryl  sulfate and Tweens 2o 
and 8o). The effects of the various detergents on glucose-6-phosphate phosphohydrolase 
act ivi ty,  including the polyphasic action of the ac t iva t ing  compounds 2, are in agree- 
ment  with earlier reports 2,4. The effects of the s t imula t ing  group of compounds on the 
various activities of the enzyme also resemble generally those obta ined with deoxy- 
chelate in this and earlierg, 1° studies in tha t  (a) each act ivi ty  is s t imula ted  by  opt imal  
concentra t ions  of the various detergents to approximate ly  the same maximal  extent ,  
and (b) with each detergent  the degree of s t imulat ion of phosphotransferase ;> inor- 
ganic pyrophosphatase > glucose-6-phosphate phosphohydrolase.  The rather  general 
na ture  of s t imulat ion of these activities by surface-active agents is apparent  from the 
observat ion tha t  anionic (deoxycholate and chelate), non-ionic (Triton X-leo) ,  and 
cationic (cetrimide) detergents all activated,  while other anionic and non-ionic 
detergents (sodium lauryl  sulfate, Tween 20 and 8o) inhibi ted and did not  s t imulate.  
I)eoxycholate,  chelate, cetrimide, and Tr i ton  X-Ioo all appear from these studies to 
be satisfactory act ivat ing agents for studies of the various activities of this mult i -  
funct ional  enzyme, al though the las t -ment ioned compound occasionally produced 
mild tu rb id i ty  in Pi assay mixtures  when the higher concentrat ions of this detergent  
were employed. 
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