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SUMMARY 

of 

Corticosteroid inducible, rapidly turning-over (t?5 = 12 min to 3 hrs) 
enzymes of rat liver cytosol are complex enzymes with dissociable coenzymes. 
Enzymatic activity can be used to measure the relative rate of coenzyme dis- 
sociation. A comparison of rapidly inducible compared to relatively un- 
inducible complex enzymes shows that the relative rate of coenzyme dissocia- 
tion aligns with the shortness of the tl-, of the enzyme suggesting that co- 
enzyme dissociation may be a limiting step in the degradation process of 
these enzymes. 

The specificity of the anabolic actions of corticosteroids in the liver 

cell involves the enhanced protein synthesis of a relatively small group of 

cytoplasmic enzymes whose turnover is rapid. So far, all of the enzymes 

within this group which have very short half-lives (i.e. 12 minutes to 3 hrs) 

are complex enzymes containing dissociable coenzymes (1). When steroid indu- 

cible enzymes from liver cytoplasm are compared with similar non-inducible 

or poorly inducible complex enzymes of similar molecular weight sometimes 

having a like catalytic reaction mechanism as well as in some cases, the same 

coenzyme and existing in the same subcellular compartment, it is shown that 

the non-inducible enzymes have long half-lives and non-dissociating coenzymes (1). 

In this paper we review these properties of both inducible and non-inducible 

enzymes and show that, for the enzymes examined thus far, only those with dis- 
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sociable coenzymes are rapidly inducible and the relative rate of dissociation of co 

enzyme appears to align with the shortness of the half-life of the enzyme. 

Therefore, dissociation of coenzyme may be the rate-limiting step conditioning 

the apoenzyme for degradation (proteolysis). Katanuma et al.(Z) have discovered 

an enzyme which appears to inactivate certain pyridoxal-P activated enzymes in 

their apo-form, such as apo-ornithine decarboxylase. Although this enzyme is 

located in skeletal muscle and in small intestine, but not in liver, the general 

conclusion that inactivation involves primarily the apo-enzyme following co- 

enzyme dissociation aligns with the hypothesis advanced here. Inevitably, the 

enzyme degradation process in which coenzyme dissociation can be considered as 

the first step, may control the rate of enzyme synthesis, at least under unper- 

turbed conditions. In confirmation of this idea, certain nonhormonal indu- 

cers stimulate enzyme activity by preventing coenzyme dissociation (3). A 

correlation between rapidly turning-over enzymes and their susceptibility to 

the action of endopeptidases has been established in liver (4) as well as in 

bacteria (5). One suggestion is that protein conformations may determine the 

half-life of all proteins in vivo (5). -- This is in keeping with the data and 

conclusions drawn in the present study which infer that the apoenzyme would have 

a different conformation than the holoenzyme. The relationship between coenzyme 

dissociation and susceptibility to proteolytic attack seems especially appropriate 

since cofactors have been shown to protect enzymes from proteolytic digestion (4-7). 

The specific events involved in enzymatic degradation following disso- 

ciation of coenzyme are as yet unexplained. It is not unlikely that degra- 

dation proceeds through conversion into enzyme subunits (8) and the molecu- 

lar size of these subunits may form the selective basis for further degrada- 

tion (9-11). We assume that the rates of conversion to subunits and their 

subsequent breakdown are slower than the rate of coenzyme dissociation. 

Properties of inducible enzymes of liver cytosol. In Table 1 are com- 

pared the properties of inducible and similar but relatively non-inducible 

enzymes of rat liver cytosol. There is a correlation between coenzyme disso- 
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ciability, short half-life and inducibility by corticosteroids. This could 

be explained on the basis that for complex enzymes coenzyme dissociation is 

the rate-limiting step in enzyme degradation. Consequently, a greater rate 

of dissociation of coenzyme would determine a shorter half-life of the en- 

zyme. Since the usual approaches to the measurement of the rate of coenzyme 

dissociation, such as by equilibrium dialysis were unsuccessful in the case 

of tyrosine aminotransferase (31), a new method was developed for this 

measurement. 

Relative rates of coenzyme dissociation. The degree of functionally 

bound coenzyme can be measured by assaying for enzymatic activity in the ab- 

sence and presence of added coenzyme (16). The extent of coenzyme dissocia- 

tion could be determined in the same way providing endogenous coenzyme, in 

this case pyridoxal-P, which was not bound to the enzyme could be quickly 

removed from solution. This was achieved by the use of activated charcoal (32) 

which was effective in removing nearly all of free pyridoxal-P from solution 

(Fig. 1). Of interest in this connection is the recent work of O'Leary and 

Malik who showed that binding of pyridoxal-P to bacterial apo-glutamate de- 

carboxylase could be measured as well by enzymatic activity as by absorption 

spectroscopy, fluorescence or circular dichroism (33). Cytosols were pre- 

pared by previous methods from perfused livers of adrenalectomized male rats 

(110-200 g) obtained from Charles River Breeding Labs. (Boston) 4 hours after 

intraperitoneal injection of hydrocortisone (6 mg/lOO g body weight) (34). 

Fifteen to 20 ml cytosol were used for each incubation at 37'. I f  activated 

charcoal (32) was used to remove free pyridoxal-P from the cytosol, 125 Pl 

charcoal suspension was added per ml of cytosol. When charcoal was used 

before incubation it was also added to aliquots of cytosol removed at indi- 

cated times of incubation to adsorb pyridoxal-P released from the bound state 

during the incubation. Charcoal suspension was added at the same level (125 pl/ 

ml cytosol). Aliquots were 0.8 ml for the ornithine decarboxylase assay and 

0.4 ml for assay of tyrosine aminotransferase and aspartate aminotransferase. 
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‘ODCtch. 

0 MINUTES AT 37” 

0 
0 60 120 

)-II ACTIVATED CHARCOAL (100mg/ml) 

Fig. 1. Titration of free pyridoxal-P with activated charcoal. See text 
for details. PLP = pyridoxal-P. 

F ig. 2. Relative rates of dissociation of coenzyme for aspartate amino- 
transferase (Asp. AT), 
thine decarboxylase 

t rosine aminotransferase (TAT) and orni- 
(OCD 7 

charcoal (ch.). 
in the presence or absence of activated 

See text for details. In some cases it is useful 
to present data as % coenzyme association rather than as % coen- 
zyme dissociation. % coenzyme association is 100 - (% dissocia- 
tion) as defined in footnote to Table 2. Curves with open cir- 
cles refer to systems in which charcoal was not used, Closed 
circles refer to systems in which the enzyme preparation was treated 
with charcoal to remove endogenous free pyridoxal-P before start- 
ing incubation. Subsequently, each aliquot taken at the indi- 
cated time was treated with charcoal again to remove free co- 
enzyme dissociated during the course of incubation. The aliquot 
was then assayed for enzymatic activity with or without pyridoxal-P 
in the enzyme assay system (see text). 

In incubations where charcoal was not used initially, it was also not added 

to portions taken at various times of incubation. When charcoal was added 

to the whole cytosol or portions taken at various times after incubation, 

the mixture was agitated on a Vortex mixer for 20 seconds and centrifuged at 

600 x g for 2 min. The supernatant was recentrifuged at 12,000 x g for 5 

min. and then filtered through glass wool and portions were assayed for pro- 

tein content (absorbancy at 280 nm) and enzymatic activity in the presence 

and absence of pyridoxal-P. Ornithine decarboxylase activity was determined 
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Table 2 Comparison of the relative rates of coenzyme dissociation of 
corticosteroid inducible enzymes with their half-lives. 

Enzyme Relative coenzyme, 
dissociation rate 

(% coenzyme association/min)-' 
(hi&) 

aspartate 
aminotransferase 

tyrosine 
aminotransferase 

ornithine 
aminotransferase 
* 

20 264 

2.7 2.0 

1.4 0.25 

Determinations were made with and without charcoal treatment before incuba- 
tion was started with each of the above enzyme assays. When each sample 
was taken from an incubation mixture originally treated with charcoal, char- 
coal was again added to the aliquot in order to adsorb pyridoxal-P further 
released during that incubation period. In systems where charcoal was not 
added to cytosol at the start of incubation, the aliquots taken at various 
times of incubation were likewise not treated with charcoal, Percent dis- 
sociation of coenzyme is defined as 

100 - without coenzyme x 1oo 1 
by a modified method of Russell and Snyder (35). 0.1 ml Cytosol was prein- 

cubated in the assay system without 14C - ornithine for 10 min . 100,000 cpm 

14 C-L-ornithine (carboxyl labeled specific radioactivity, 11.9 mCi/mmole) 

was added and incubated for 30 min. at 37’. 0.25 ml Hyamine hydroxide (1 F 

in methanol) was added to a well in the incubation vial and 1.0 ml 2 E cit- 

ric acid was added to the assay medium. Incubation was continued for 30 min. 

at 37' to trap all of the 14 CO2 and the well was placed in a scintillation 

vial containing 10 ml Omnifluor in toluene (4 mg/ml) plus methanol (5:1, v/v). 

Tyrosine aminotransferase was determined as described previously using the 

Briggs method (31,36). The assay system in the absence of tyrosine was pre- 

incubated at 37' for 5 min. Tyrosine or buffer was then added, and incuba- 

tion of the complete system was for 10 min. Aspartate aminotransferase was 

assayed according to established methods (37,38). The same procedure was 

used with respect to incubation and charcoal treatment for all of the enzyme 
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assays (see footnote, Table 2). The data for coenzyme dissociation for the 

3 enzymes are shown in Figure 2 and the values for the relative rates of co- 

enzyme dissociation (slopes of curves) using this method compared to the 

known half-life of the enzyme are presented in Table 2. The reciprocals of 

the relative rates of coenzyme association from the slopes of plots in 

Figure 2 align with the half-lives of the enzymes compared. As might be an- 

ticipated the alignment is not perfectly linear since all of the events in 

enzyme degradation following dissociation of coenzyme may occur at rates or 

under conditions which vary from one enzyme to the other, however, the gen- 

eralization, at least for the examples cited, is supported. We suggest 

therefore, that coenzyme dissociation may be an important area to investigate 

as a starting point for unravelling the process of degradation of complex 

enzymes. 
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