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Abstract-Purified Aguue aminopeptidase was characterized with respect to the thermodynamic properties of the 
reaction catalysed by the enzyme. Kinetic studies were conducted at different temperatures ranging from 7.8 to 
45”. The energy of activation, E,, as well as the constants AH, AF and AS were calculated for both the formation 
of the enzyme-substrate complex, and the dissociation of the enzyme-product complex. Kinetic studies in buffers 
with varying dielectric constants enabled the determination of the electrostatic as well as the non-electrostatic com- 
ponents of AS. These results fit well into the overall kinetic picture of this enzyme-catalysed reaction as reported 
previously. 

INTRODUCXION 

The aminopeptidases are, as a group, somewhat more 
complicated and more difficult to obtain than other 
proteolytic enzymes. In previous papers [1,2], this whole 
situation was discussed to some extent. In addition to 
the results reported elsewhere [2], the chemical properties 
of the aminopeptidase isolated from Agaoe americana 
L. Am. trop., were investigated further and results are 
reported in this paper. Studies of this kind would serve 
to elucidate the more specific properties of aminopepti- 
dases and could lead to a better understanding of this 
group of enzymes. 

Kinetic studies were conducted with the aminopepti- 
dase at a variety of temperatures. Results of these studies 
are presented in Figs 1 and 2 as well as Table 1. Accord- 
ing to the results presented in Table 1 it is evident that 
the apparent Michaelis constant of the enzyme for the 
substrate remained constant with an increase in tem- 
perature. The reaction rate, however, increased with 
temperature over the temperature range as tested. 

By making use of the Arrhenius-plots as indicated in 
Fig. 2 the energy of activation, E,, was calculated. For 
formation of the enzyme substrate complex two values 
were obtained, a value of 3.84 kcal above 30” and a value 
of 14.7 kcal below 30”. The corresponding values for the 
breakdown of the complex, formation of products, 
Eo2, where 3.65 kcal above 30” and 15.12 kcal below 30”. 
By making use of these values the other thermodynamic 
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Fig 1. Studies with Agure aminopeptidase at different tempera- 
tures. The effect of different temperatures on the activity of the 
enzyme at different substrate concentrations. V = amino- 
peptidase activity, pmol lysine-p-nitroanilide hydrolysed/min/ 

mg protein. 
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Fig. 2. Studies with Aguve aminopeptidase at different tempera- 
tures. Arrhenius plots for the enzyme. Data from Table I. 

constants of the reaction catalysed were then calculated 
at 25” and two sets of values, one for the formation of the 
enzyme substrate complex and the other for the break- 
down of the enzyme substrate complex, were obtained. 
These results are represented in Table 2. 

A Qto value was also calculated for the enzyme over the 

range from 20 to 30” and a value of 2.58 was obtained. 
The kinetic studies in the presence ofvaryingconcentra- 

tions of methanol for variation of the dielectric constant 
of the buffer, were conducted at 25”. Results of these 
studies are depicted in Figs 3 and 4 as well as Table 3. 
From these results the effect of variation of the dielectric 
constant on the kinetic constants of the enzyme can be 
seen. These results were further evaluated and Fig. 5 
represents the variation of k,K as plotted against varia- 
tion of the reciprocal of the dielectric constant l/O. 
By obtaining the slopes of these lines, it was then possible 
to evaluate A and A*[3], and again from the values of 
these constants. the values of AS,:, and (AS:) es. The 
values thus obtained were A = 126800; A’ = 44900; 
ASts = 14 entropy units and (AS:) es = 5 entropy units. 

The results of the last mentioned studies, combined 
with the results of the temperature studies then gave 
the following pattern. 

Table 1. Studies with Agave ammopeptidase at dtfferent tem- 
peratures. Kinetic constants as determined at different tempera- 

tures 

45 3 143 0.104 I Od 1472 2168 I151 

398 32 01 0940 133 2124 1124 

35 3.245 0108 0855 I21 20x2 1049 
30 33 0098 0667 OY45 ,976 0984 

25X 2345 0092 0472 0669 I Y26 0862 
207 341 0094 029 041 1613 0640 

I58 346 0095 0215 0304 14x3 0506 

II5 3516 0085 0124 0176 1246 0316 
7.X 3 56 0086 0068 0097 0988 0052 

Table 2. Thermodynamtc constants of reactton cataiysed by 
Agave ammopeptidase as calculated from results of studies at 

different temperatures 

Constant value 

Formation of Breakdown of 
complex complex 

Energy of activation 3.84 kcal (above 30”) 3.65 kcal (above 30”) 

(E, and &J 14.7 kcal (below 30”) 15.12 kcal(below 30’) 
AH* and AH: at 25” 14.11 kcal 14.53 kcal 
AF* and AFf at 25” 16.22 kcal 21.65 kcal 
AS* and AS; at 25” - 7 eu -24~ 

Formation of enzyme-substrate complex : 

AS* = 7 AS,*, = 14 ASLs = 21 

Dissociation of enzyme--product(s) complex : 

AS: = -24 (AS;)es = 5 (ASr)nes = -29 

DISCUSSION 

The calculated thermodynamic constants (Table 3) 
agree well with those of other hydrolytic enzymes with 
respect to the order of magnitude [4]. All the thermo- 
dynamic constants were of course only obtained for the 
forward reaction because it IS not possible to obtain 
these values for a backward reaction in the case of these 
hydrolytic enzymes. In literature, no comparable studies 
could be found that were specifically conducted with 
aminopeptidase enzymes. The problem thus arises that 
these obtained values cannot be compared with values 
of a similar enzyme. 

The discontinuity in the Arrhenius plots can be 
explained by a few different postulates as contained in the 
explanations of Dixon and Webb [43. A similar discon- 
tinuity was observed by Massey [5] during studies with 
fumarate hydratase. This type of discontinuity can be ex- 
plained by postulating a phase change in the solvent which 
is not possible in this case; otherwise it might be caused if 
there are two parallel reactions taking place at the same 
time, by virtue of the existence of two separate active 
centres catalyzing the two reactions. The temperature 
coefficient of these reactions must differ to be able to 
explain the sudden discontinuity observed. In this latter 
case the higher activation energy should be observed at 
the higher temperature which is not the caseas can be seen 
from Table 3. The only explanations that do fit the report- 
ed data, is either to postulate that the reactton system 
consists oftwo sequential reactions with different tempera- 
ture coefftcients, or that two different forms of enzyme 

Table 3. Studies with Agave aminopepttdase at different 
methanol concentrations. Kinetic constants as determined at 

theBe different concentratrons. 
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Fig. 3. Studies with Agaue aminopeptidase at different methanol 
concentrations. Determination of the kinetic constants using 
the Lineweaver-Burk procedure. 0: none, 1: lx, 2: 5 %, 3: lo%, 

4: 15x, 5: 20x, 6: 25% and 7. 30% methanol (v/v). 

can take part in the catalytic process, which implies that 
there is a structural change of protein structure caused 
by an increase in temperature. A point supporting the 
first of these last hypotheses is that one would expect the 
reaction with the higher temperature coefficient to be 
faster at the higher temperatures with the result that the 
overall reaction rate will then be dictated by the other 

06 reaction, causing this last reaction’s activation energy to 
be observed at these higher temperatures. Such a system 
can also be explained theoretically [6]. There seem to be a 
few factors arguing against a structural or conformational 
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change concomitantly with the structural change. This 
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is however not conclusive and this whole picture will only 

Y ‘, be clarified if further studies relating to the conformation 

02- 
/.?2 z 

of the enzyme were carried out over this temperature 
range as studied. 
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These observations, relating to the non-linear increase 
in reaction velocity with increase in temperature, may 
also explain the somewhat high Q,,-value that was 

I I I I I I 
observed for the enzyme-catalysed reaction. 

0 5 IO 15 20 25 30 O 
An interesting observation during these studies at 

% Methanol 
different methanol concentrations was that reaction 
rate of the enzyme-catalysed reaction increased over the 

Fig. 4. Studies with Agave aminopeptidase at different methanol range from O-10’% methanol and that the apparent 
concentrations. The variation of K, and V with an increase in affinity constant of the enzyme for its substrate changed 

methanol concentrations. very little. A decrease in the value ofthe dielectric constant 
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Fig. 5. Effect of decreasing the dielectric constant of buffers on 
the catalytic activity of Agaue aminopcptidase. D = dielectric 
constant, k, = velocity constant E = the reciprocal of the 

$&-value, t.e. an affinity constant. 

thus caused an increase in reaction rate up to a certain 
limiting value. 

These observations were made several times during 
different experiments. The increase in activity was how- 
ever, at most only 67& and an increase in methanol 
concentration above 10% led to the expected decrease 
in reaction rate as well as a change in the other kinetic 
parameters. The logarithm of the velocity constant, k,, 
decreased linearly as the value of l/D was increased. If 
the obtained entropy values are taken into account, a 
few interesting deductions can be made. The positive 
value for the AS,*,-value, 14, suggests a neutralization 
of charge during complex formation. a most applicable 
deduction if one thmks about the amino terminal struc- 
ture of a peptide. Previous results also suggested the 
participation of a histidine group in the catalytic process 
of the enzyme [2]. The value of 5 for (AS;) es suggest a 
separation of charges during dissociation of the reaction 
complex and in this case, similar charges. The situation 

is also possible considering the nature of the groups 

formed during the reaction catalysed by this enzyme. 
The values for the non-electrostattc terms are as could 
be expected for a bimolecular reaction and it does not 
need any postulation of drastic structural changes during 
the reaction. However, the possibility of some structural 
changes occurring is not excluded. 

The above-mentioned effects. considering the electro- 
statrc terms, also grves an explanatron for the previously 

reported ionic strength effects [2]. The enzyme was 
observed to display maximal catalytic activity at concen- 
trations of 0.1 to 0.2 M and even higher concentrations 
of buffers. 

These observed thermodynamic properties of the 
ammopeptidase fit well into the overall pattern regarding 
the general kinetic picture as observed for the enzyme. 

EXPERIMENTAL 

Agavc ammopeptidase was tsolated from Agaue americana 
and the purity of the enzyme was determmed by electrophoresis, 
gel filtration and ultracentrifugal analysts [I]. The chemical 
properties of the enzyme wrth respect to substrate specificity 
and some factors governing the mechamsm of action were 
also reported [2]. Protein concn as well as enzyme activity 
determinations were carrted out as described m ref [l, 21. The 
effect of temp. (7.8 to 45”) on the acttvity of the aminopepttdase 
was tested, usmg lysme-p-nitroamlide as substrate. The buffer 
used during these studies was Tris-maleate [7], 0.18 M, pH 7.2. 
Results were analysed accordmg to the procedures as described 
in refs [3, 4, 8, 91. To determine the effect of vartation of the 
dielectric constant on the acttvity of the Agaue aminopcptidase, 
MeOH was used [IO]. Preliminary studies were conducted 
at 30” with 2pM lysine-p-nitroamlide as substrate in 0.08M 
Trts-buffer, pH 7 5 Kmetic studies were conducted at 25” wrth 
lysine-p-nitroamlide as substrate m 0.18 M Tris-maleate buffer, 
pH 7.2. During these studies 8.1 pg purrfled ammopepttdase was 
used per assay and the substrate concn was varied from 0.02 mM 
to 1 mM. 

Acknowledgements- -The author washes to express his thanks to 
the Rand Afrtkaans Untversity as well as the South African 
Council for Sctentrfic and Industrial Research for financial 
assistance in the form of Grants. The author also acknowledges 
aid from colleagues of the Department of Biochemistry, Rand 
Afrtkaans University 

1. 

2. 

3. 

4. 

5. 
6. 
7. 

8. 

9. 

10. 

REFERENCES 

du Toit, P. J., Schabort, J. C., Kempff, P. G. and Laubscher, 
D S A (1978) Phyfochemiwv 17, 365. 
du Ton. I’. J. and Schabort, J. C. (1978) Ph~fochemistr~ 
17.371 
Laidler, K. J. (1958) The Chemrcul Kinerich oj Enzyme 
Action pp. 194205. Clarendon Press, Oxford. 
Drxon, M. and Webb, E C. (1964) En~ymcs pp. 145-166. 
Longmans, London. 
Massey. V. (1953) Eiochem. J. 53, 72. 
Stearn, E. A. (1949) Aduan. Enzymol. 9, 25. 
Gomort, G. (1955) Methods in En-_ymology (Colowmk, S. P. 
and Kaplan, N 0. eds) Vol. 1, pp. 138-146. Academic 
Press, New York. 
Bray, H. G. and White, K. (1966). Kinetics and Tkermo- 
dynamics in Biochemzstrp. pp. 264324. Churchtll, London. 
Mahler, H. R. and Cordes, E. H. (1971) Biological Chemistry 
pp. 315-319. Harper and Row. London. 
Laidler. K. J. (1954) The Chemical Kinetics of Enzyme 
Action pp. 2OS209. Clarendon Press. Oxford 


