
Volume 109, number 2 FEBS LETTERS January 1980 

DISCONTINUITIES IN ARRHENIUS PLOTS DUE TO FORMATION OF MIXED MICELLES 
AND CHANGE IN ENZYME SUBSTRATE AVAILABILITY 

Rolf Kristian BERGE, Erik SLINDE* and Mikael FARSTAD 
Laboratory of Clinical Biochemistry, University of Bergen, N-5016 Haukeland Sykehus and *Norwegian Food Research Institute, 

PO Box 50, N-1432 Aas-NLH, Norway 

Received 31 October 1979 

1. Introduction 

Discontinuities in Arrhenius plots due to the effects 
of various lipid species on enzymes (viscotropic regula- 
tion), have been used to obtain general correlation 
between lipid motional parameters and the functional 
properties of reconstituted enzymes (reviewed [ 11). 
According to 11 ], the molecular mechanisms under- 
lying bi- or triphasic Arrhenius plots have net been 
elucidated, and generally the effects of temperature 
on the rate of enzyme reactions are complex [2]. This 
study shows that the availability of substrate gives 
discontinuities in the Arrhenius plots at concentra- 
tions equal to the critical micelle concentration (cmc) 
of mixed micelles between substrate and detergent. 

Long-chain acyl-CoA hydrolase (trivial name, 
palmitoyl-CoA hydrolase, EC 3.1.2.2) activities are 
found in a number of tissues [3-61. However, the 
physiological role of the enzyme is unclear at present, 
but it has been shown that the enzyme activity is ele- 
vated in brown adipose tissue upon cold adaptation 
[7]. The substrate, palmitoyl~oA, of the enzyme is 
hydrophobic and detergent-like, and forms micelles 
in solution, and mixed micelles in the presence of a 
detergent above cmc. The formation of micelles is 
temperature dependent; thus, it is possible to have a 
solution containing only monomers at one tempera- 
ture and monomers and micelles at another tempera- 
ture. This study shows that the enzyme activity is 
affected by the availability of substrate; that is, the 
enzyme shows different reaction behaviour towards 
the substrate in monomeric and micelle form, and dis- 
continuities are observed in Arrhenius plots. 

2. Materials and methods 

Microsomal palmitoyl-CoA hydrolase was purified 
and the activity was measured radiochemically as in 
[8]. The cmc values were determined in a Shimadzu 
spectrophotometer MPS 5000. In solutions wifh Triton 
X-100 the cmc values were determined by measuring 
the M 286 191. The cmc of palmitoyl-CoA was deter- 
mined by the pinacyanol chloride dye absorption 
method [lo]. The cmc values were dete~ined in a 
solution of 10 mM Hepes (~-2-hydroxyethylpiper- 
azine-N’-2.ethanesulphonic acid), 50 mM KC1 
(pH 7.4). Protein was determined by the Lowry 
method [ 111. 

3. Results and discussion 

The cmc of Triton X-l 00 (a non-ionic detergent) 
given in table 1, shows that the cmc value of the 
detergent decreases with increasing temperature, while 
that of p~mitoyl-boa (an ionic detergent) increases 
with increasing temperature. The cmc values of solu- 
tions of Triton X-100 and pahnitoyl-CoA are consis- 
tent with the theory of binary surfactant systems 
[ 121, which predicts that the cmc of a mixture will 
fall between the cmc of the two components. The 
temperature, which affects the cmc of both palmi- 
toyl-CoA and Triton X-100 (table 1) will also affect 
the concentration of free molecules in equilibrium 
with the micelles. If both palmitoylCoA and Triton 
X-100 are present in the reaction mixture, and mixed 
micelles are formed, the monomer concentrations of 
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Table 1 
Critical micelle concentrations of palmitoylCoA and Triton X-100 

Component added Critical mice&r concentration 

25°C 37°C 

PalmitoylCoA 3.4 f 0.4 PM 4.9 + 0.3 PM 
Triton X-100 (15.7 + 0.6) x 1O-3% (v/v) (8.4 i 0.6) x 1O-3% (v/v) 
Triton X-100 t 2.6 ).IM palmitoylCoA (8.6 c 0.4) x 10-3% (v/v) (4.8 f 0.4) x lo-‘% (v/v) 
Triton X-l 00 t 3.6 ~g enzyme (13.5 f 0.5) x lo-3% (v/v) (7.3 ?I 0.3) x 10-S% (v/v) 

the individual species are determined by the equilib- 
rium constant of the mixed micelle. 

Palmitoyl-CoA hydrolase isolated from rat liver 
microsomes acts on the monomeric species of palmi- 
toyl-CoA, and is stimulated by the monomeric con- 
centration of Triton X-100 [8]. Figure 1 shows the 

effect of temperature on the activity of palmitoyl- 
CoA hydrolase. In the presence of 2.6 PM palmitoyl- 
CoA, only one transition is observed at 38’C. This is 
due to the effect of temperature on the velocity of 
the enzyme reaction, and may be a result of several 
different causes [2]. 

When 0.005% (v/v) Triton X-100 is added, both 
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Fig.1. The effect of temperature on the palmitoylCoA 
hydrolase activity. (A) Arrhenius plots of 3.6 pg purified 
microsomal palmitoylCoA hydrolase and 2.6 PM palmitoyl 
CoA. (0) Addition of 0.005% (v/v) of the detergent Triton 
X-100 or (0) addition of 0.015% (v/v) Triton X-100. 

Triton X-100 and the 2.6 PM palmitoyl-CoA are 
present as monomeric species at low temperatures; 
however, at higher temperatures micelles are formed 
(table 1). When the temperature increases the palmi- 
toyl-CoA hydrolase activity shows a transition point 
at 24”C, where mixed micelles are formed, and the 

amount of monomeric substrate available becomes 
limited. This temperature is somewhat lower than 
expected if only Triton X-100 and palmitoyl-CoA 
were present (table l), but it is due to the presence 
of enzyme which lowers the cmc for Triton X-100 

(table 1) and probably also the cmc value of palmi- 
toyl-CoA. This is, however, impossible to measure 
due to the hydrolase activity of the enzyme. 

When 0.015% (v/v) Triton X-100 is added to 
2.6 /.LM palmitoylCoA, mixed micelles are formed 
(table 1). When the temperature increases a transition 
point is observed at 26’C. From table 1 it is seen that 
as the temperature increases an increase in the cmc 
value of palmitoyl-CoA is observed. At <26”C the 
amount of Triton X-100 is in excess and the micelle 
size and concentration behaviour are determined 

mainly by the Triton X-100 molecules. At 26°C the 
equilibrium constant of the mixed micelles of Triton 

X-100 and palmitoyi-CoA are changed and a higher 
amount of monomeric palmitoyl-CoA becomes avail- 

able and a higher rate is observed. 
In both cases where Triton X-100 is added the 

transition at 38°C is also observed. 
Another explanation of the transition points in the 

presence of Triton X-100 might be that the micelles 
are inhibitory to the enzyme activity. However, addi- 
tion of increasing amounts of Triton X-100 and palmi- 
toyl-CoA give the same activity as long as the ratio 
between the two components is constant (unpublished 
results). 

In general, changes in activation energy are inter- 
preted as changes in membrane lipid fluidity [1,13]. 
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However, this work shows that such changes can be 
explained as changes in the availability of the substrate 
of the reaction. This might be an important regulating 
system in the cell, and in cases where changes in acti- 
vation energies have been observed for membrane 
enzymes or enzymes that act on hydrophobic sub- 
strates the change may be due to changes in the avail- 
ability of the substrate. 
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