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ABSTRACT

Aims: The objectives of the in vitro study were to examine the applicability of thermodynamic
models for the interaction of reaction mixture components to enzyme catalyzed reaction, and to
determine the effect of co — solutes on the velocity of hydrolysis of a substrate with alpha amylase.
Design: Experimental

Place and Duration of Study: Chemistry & Biochemistry Department, Research Division of Ude
International Concepts limited (RC: 862217) and Department of Biochemistry, Ambrose Alli
University, Ekpoma. This study is part of a series of research that lasted for about 4.5years between
February, 2011 and June, 2015.

Methodology: Bernfeld method of enzyme assay was used to generate data on catalytic activity of
the enzymes. Reaction mixture with co — solutes was the test while the control was without any co —
solute.

Results: Human salivary algha amylase (HSAA) had Gibbs free energy (AAG) of interaction ranging
from 4.49x10" to 8.34x10*°J kg /mol® while porcine alpha amylase (PAA) had values ranging from
—4.83x10™ to — 6.73 x10™ J kg /mol® due to aspirin — sucrose treatment. Treatment with a mixture
of ethanol and sucrose yielded values which ranged from - 2.27x10** to —=1.51x10"2J kg / mol* and
from -1.16x10" to — 0.86x10"Jkg / mol*for HSAA and PAA respectively. HSAA and PAA exhibited
m — values (the capacity of additives to force unfolding or refolding of protein,) equal to -1.09+0.02
kJ/mol and —-3.29+0.02 kJ/mol respectively in the presence of a mixture of milk and ethanol. In the
absence of milk the free energy of native to destabilized (unfolded) transition (AGy _y) were —
0.2940.08 and 14.17+0.07kJ/mol for HSAA and PAA respectively.

Conclusion: The free energy of co — solute interaction with reactants is very much applicable to the
enzyme catalyzed reaction. The presence of aspirin caused higher activities of the enzymes than
control. The presence of sucrose caused higher activity of HSAA than control. Unlike HSAA, the
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presence of milk (extra calcium salt content) enhanced the activity of PAA.
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1. INTRODUCTION

Human transit across the Indian Ocean through
the right route during winter in particular may be
perfectively aided with hot tea highly fortified with
milk in tea cups instead of “Lord’s dry gin” but
with the understanding that no human system is
perfect; this may be the “gospel”!

It is known that food additives improve taste and
shelf life of food made available on the table in
private and hospitality industries but serious
consideration is hardly given to effect of additives
and drugs on alpha amylase function. Industries
may have their standard under strict regulation,
but local use of additive such as colourant (as an
example) may not take into cognizance the effect
on digestive enzyme in particular. Ingestion of
alcohol during meal or shortly after meal can also
affect the rate of digestion. The presence of
ethanol in gastrointestinal tract is known [1]. The
implication is that in both in vitro and in vivo
environment the activity of an enzyme such as
alpha amylase can be reduced. In this regard,
Blakeney and Stone [2] have shown that there
was a decreasing trend in the activity of Bacillus
Licheniformis alpha amylase with increase in the
concentration of ethanol. It has been shown that
alpha amylase from saliva and plasma of
habitual alcohol drinkers is significant [3]. This
raises the question as to whether the effect of
any osmolyte on tissue is the same as the effect
on the molecule such as enzyme. Kharkrang and
Ambasht [4] reported increase in plant (pearl
millet — Pennisetum glaucum) alpha amylase
activity following treatment with aspirin. Although
aspirin is not an additive, its reported effect in
vivo and in vitro has attracted interest. After
treatment with aspirin, significant alterations in
the activities of intestinal disaccharide hydrolases
in both homogenate and intestinal brush border
membrane (BBM) preparations were reported [5,
6].

Stabilizers, the organic type, in particular, are
sucrose, glucose, tri — methylamine N — oxide
(TMAOQO) etc are most often object of intense
investigation [7]. Sucrose is implicated in shifting
the equilibrium between protein conformational
states towards the more compact conformation
[8] just as ethanol and dimethyl sulphoxide
oppose each other in their effect on the
temperature dependence of the conformational

stability of Brain (Na® K") ATPases [9]. Sucrose
is part of alcoholic beverage known as beer, and
with known effect of aspirin and ethanol, it has
become the object of this research to investigate
the effect of both compounds and as a mixture
with sucrose on the activity of alpha amylase.

Milk is a multi — component (>2 components)
and multifunctional and cooperate with other
factors to promote and modulate growth and
development of not only neonates [10] ingesting
breast milk, but adolescence ingesting other
processed cow milk, for instance. Organic
substances including protein, lactose, and
inorganic constituents like calcium salt in milk are
potential stabilizers also. The effect of emulsified
milk alone and as a mixture with ethanol is also
object of investigation.

Very stable ES is helpful in biomass conversion,
production of molasses, de — sizing of textile
materials [11], most importantly digestion in
human situation etc. Therefore, the aims of the
research were: (i) to show that the theory of pair
wise Gibbs free energy of interaction between
reaction mixture components is very much
applicable to enzyme catalyzed reaction, (ii) to
determine Gibbs energy of interaction which
influences encounter complex and enzyme
substrate complex ([ES]) formation in the
presence of ethanol, aspirin and a mixture of
each of the former and sucrose in the formation
of ES, (iii) to verify the effect of milk — ethanol
mixture on the activity of the enzymes and
characterize the effect in terms of free energy of
folded to unfolded transition and the m — values
(i.e. the capacity of an osmolyte to force
(un)folding of a protein).

2. THEORETICAL SECTION

The formation of enzyme-substrate complex (ES)
is seen to proceed from bimolecular catalytic
reaction assumed to occur through reactive
encounter complexes defined as the subset of
reactant state species able to proceed directly to
low lying energy levels [12]. In order to exceed
the limit imposed on catalytic efficiency by failure
to form ES, the complexes need to be stabilized
[13, 14]. The encounter complexes including ES,
is one in which two molecules are held together
by fluctuating short — range interactions and
contacts that stabilize the fully bound state [15].



Meanwhile the thermodynamic model for
interaction between a reacting molecule and inert
hydrophobic co — solute is known [16]. There are
hydrophobic-hydrophobic and hydrophilic-
hydrophilic interactions [17]. The equation [16]
employed in the quantitative determination of
pair-wise solute-solute interaction parameter is
as follows:

In [k(mc) Ik (mc :O)] = 2[gcx - gc#] me /RTmoz_ N
M, mc @

where K is the (pseudo —) first — order rate
constant in a reaction mixture containing co —
solute whose concentration is m¢ and Kgmc - o is
the rate constant in the absence of the co —
solute; R and T are the molar gas constant and
thermodynamic  temperature; m, is the
(hypothetical) ideal reference state and it is equal
to 1mol/kg; g — gc# is the difference in
interaction Gibbs free energies between the co —
solute ¢ and the reactants S (and by extension
substrate and a biochemical catalyst) on one
hand and the activated complex # on the other
hand; M;, ¢, N and m. are the molar mass of
water, practical osmotic coefficient for the
aqueous solution, the number of water
molecules, and the molality of the added co-
solute respectively [16]. Equation 1 is derived by
combining thermodynamics and transition state
theory [16].

The number of water molecules involved in the
rate-determining step is perhaps just one
activated water molecule [18]. It is not clear why
two should be part of Eq (1). Reaction in
aqueous medium entails proper orientation of
water in the activated complex but the hydrolytic
role of water could be inhibited if the encounter
complex of reactant and added solute results in
the blocking of the reaction centre from attack
by water [16]: This situation increases the
entropic cost of fixing water to its site on the
complex for its action [19]. Unlike, less polar
and non — polar solvents, water stabilizes partial
charges in complexes thereby stabilizing the
encounter complex or transforms them into low
energy state species [12,13]. Thus the
interpretation of rate retardations is in terms of
the effects of added co-solute on the activity
coefficients of initial and transition states of the
esters undergoing hydrolysis [16]. Extension of
this interpretation to biological level should
clearly relate to the active site which may likely
be blocked by the added co — solute [16].
Alkaline solutions and acidic solution under
special condition can reverse ester (otherwise

known as alkyl alkanoate) formation thereby
suggesting reversibility of the reaction in line
with Le Chatelier's principle. Though non-
biological, the hydrolysis of ester is similar in
principle to the formation and eventual
hydrolysis of soluble potato starch by alpha
amylase. In this regard Buurma et al. [16]
recognized the biological significant of the
medium effect on the reactions taking place at
the active site. The issue is that (pseudo —) first
order rate constant is applicable thereby, rigidly
imposing limitation to the applicability of the
theory to ES such as alpha amylase — starch
complex. The following, except unforeseen
exception, shows that initial theory (modified)
can be applied to the interpretation of the
stability of ES.

In {(1/Km (mc))/(lle (mc = 0))} =1In (Km (mc = 0) /Km (mc))
=1In (K-1 (me = 0) /K1 (me = 0)) = 1IN (K1 (mey /K1 (mey)
(2

where Ky (mey and Ky me = o) are the Michaelis —
Menten constant in the presence and in the
absence of the co — solute respectively. The right
hand side is construed from the fact that in the

equation [E] + [S] = [ES] where E and S are free
enzyme and substrate respectively, the 2" order
rate constant for the forward reaction is
expressed as: k; = k3 /K, where k; and k_; are
the rate constants for the forward and backward
reaction respectively; K, remains the Michaelis —
Menten constant (dissociation constant). The
parameter k; (= k.1 /K,, ) is based on Henri —
Michealis — Menten approach which assumes
that a rapid equilibrium is established between
the reactants (E + S) and the ES complex,
followed by slower conversion of ES complex
back to free enzyme (E) and product (P).

Therefore, the model assumes that k, < k_4; so,
Ks (i.e. Kp) O ko/k; [20] where K is the
equilibrium dissociation constant. It is also
postulated that Ks = k./k; at high enzyme
concentration and thermodynamic equilibrium is
possible under such situation [21]. It should be
understood that at the initial stage, the so —
called transient phase, there is almost perfect
linearity in the relationship between velocity of
hydrolysis of substrate (v) and [S] with very high
coefficient of determination that approaches unity
(> 0.99). This very probable when [S] is less than
Km. It is unlikely therefore, that Ks should be

equal to K, when [S] > K. None the less K, is
used just for the purpose of this experiment but it
is not intended to imply that K, = Ks. Michaelis —

Menten constant is attainable when [S]>K,.
With native starch suspension in water or buffer,



most of the starch molecules are not in the bulk
as may be attested to by the observation that
native starch suspension is not largely digestible
unlike gelatinized starch [22]. This claim is
backed with the observation that 1.6 units of
alpha amylase in dissolved starch digest yielded
twice the percentage hydrolysis of starch
granules with 12units in starch granule digest
[22]. Thus most of the undissolved starch
remained undigested just as very large part of
the enzyme is free as substantiated by the
observation that the fraction of enzyme
molecules bound productively with starch
granules is small compared with the total amount
in the system [23].

Meanwhile a generalized 2" order rate constant
k for an enzyme catalyzed reaction can be
expressed as:

ki ={([S] - [EDt} " In{[E] (S] - &) /[S] ([E] - 2})
where & is the molar concentration of the
substrate transformed or the molar concentration
of that part of the total enzyme’'s molar
concentration and t is the duration of assay. It
should be emphatically realized that the
spectrophotometer measures only the
concentration of maltose (if maltose is the only
reducing sugar) yielded from hydrolyzed starch.
The rearrangement of second order equation as
can be found in most general (bio) chemistry text
books produces “a pseudo-first order rate
constant” Kppg.

kopr = ki([S] - [E]) = In {[E] ([S] - O)/[SI([E] - 521/;

where k; is a 2" order rate constant while the
product of it and simple arithmetic difference
between the concentrations of substrate and
enzyme yields another constant that has the unit
of 1* order rate constant. If In {[E] ([S] - 0)/[S]
([E] — 9)} is plotted versus t, the resulting slope
should be equal to ki([S] — [E]). Therefore, k;
should be equal to slope/([S] — [E]). Mean while
if the right hand side of Eq (2) is rearranged, the
equation becomes:

In (Km(mc =0) K (mc)) = |n(k_1(mc =0) /In k—l(mc)) +
In(kl(mc)/kl(mc = 0)) (5)

In Eq (5), I (K-gqme = 0) /1N Kagmey) S (AG 1 (me = )
AG," me)RT; If In(Ky ney /Ka me = o) is replaced
directly with Eq (3), the difference between the
initial concentrations of substrate and enzyme
([S] - [E]) cancels out, because [S] — [E] appears
as the nominator and denominator, where k; is
defined in generalized form in Eq (3).

Cancellation of [S] - [E] leaves a ratio IN{[E]([S] -
8me))/[SI((E] — Sme)IN{[EN([S] = Smc = o) MISI(E] —
O(me = 0) )}. Expectedly, the value of & may not be
same in the presence and absence of any
additive, the subject matter of this investigation.
Also, In (kl(mc) /kl(mc = O)) is (Ael# (mec) AGl# (mc =
op)/RT (16,17). Therefore, it ought not to be over
emphasized to speak in favour of the general
applicability of the theory of pair — wise Gibbs
free energy of interaction at the stage of ES
formation for enzymes. Thus Eq (5) provides
direct link between thermodynamics and
transition state theory [16, 17]. (AG_," (mc = 0) —
AG_l#(mC))/RT and (AG]_# (me) ~ AGl#(mC = 0))/RT are
similar to report in the past [17]. This position is
similar to the equation elsewhere (24):

DAG' 1) = AG" o~ DG 4 (6)

where AG”., and AG”,, are, respectively, the
guasi — thermodynamic free energy of activation
for the enzymatic and the uncatalyzed reaction.
However, what seems to be unclear is the claim
that Eq (6) is “justified when [S] is high such that
the enzyme is saturated, and the reaction is
unimolecular with rate constant, k,” [24]. Does
AAG#(T) require large [S] to be valid? So long as
there is substrate, the active or native enzyme
can accelerate the transformation or conversion
of substrate whereas the totally or partially
unfolded aqueous solution of the enzyme will
either totally or partially transform/convert the
substrate. The presence of totally unfolded
enzyme which has lost its catalytically active
three dimensional forms in a reaction mixture
notwithstanding, such reaction mixture which
undergo any form of reaction is as good as
uncatalyzed reaction. Moreover, it should be
noted that RT InK,, is indeed the Gibbs free
energy of ES formation [18]. Detailed derivation
of the equation in the form similar to Eq (1) but
with  minor modification is in the appendix
section.

The influence of solvent and mixed solvents had
been an important issue [25 — 28]. The main
issue is that, there is either preferential binding
on or exclusion of co — solutes otherwise called
osmolytes, from the enzyme surface domain.
Binding and exclusion have opposite effects. In
non-biological reaction the formation of charge
transfer complex (CT) is influenced by the
polarity of the solvents. Thus the association
constants of CT with co — solutes in solution
were known to increase with the decrease in
polarity of the solvent [12]. Be it binding,
association, or exclusion, the magnitude of any
of the interaction parameter is quantified in terms



the m — value, defined as the capacity of an
osmolyte (co — solute) to either force folding or
unfolding of a protein. It is the slope of the plot of
free energy of folded to unfolded transition
versus osmolyte molar concentration. The
equations are spelt out in the method subsection.

3. MATERIALS AND METHODS

The equipment used were: pH meter (Hanna
Instruments, lItaly); electronic weighing machine
(Wensar Weighing Scale Ltd, Chennai);
Centrifuge, 300D model (China) and 721/722
visible spectrophotometer (Spectrum Instruments
Co Ltd, China).

The chemicals used were: Sucrose (St Lious
France); soluble potato starch (Sigma Chemicals
Co, USA); ethanol, hydrochloric acid and sodium
chloride (BDH Chemical Ltd, Poole England);
3,5-dinitrosalicylic acid (DNA) (Lab Tech
Chemicals, India); Tris (Kiran Light Laboratories,
USA); porcine pancreatic alpha amylase (PAA)
(Sigma, Adrich, USA); human salivary alpha
amylase (HSAA) in its crude form direct from a
donor; all other chemicals were of analytical
grade and solutions were made in distilled water.
Strong commercial detergent was purchased
from Procter and Gamble, Ibadan, Nigeria. Liquid
milk was purchased from Friesland Campina
Wamco Nigeria Ltd, Ogba Lagos, Nigeria; Aspirin
was purchased from CP Pharmaceuticals Ltd,
Ash road North, Wrexham, LL 13 9UF, U.K.

A mass equal to 0.01g of PAA was dissolved in
20mL of distilled water to give 500ug/mL while
soluble starch solution was prepared by
dissolving 1g in tris — HCl(aq) buffer (90mL), 5mL
6% (W/W) NaCl(aq), and 5mL distilled water to
give 1g/100mL. Appropriate dilutions carried out
were for the determination of K, and Vmax at 37°C
and pH 7.4. The detergent being very alkaline
and its solution mixed with milk had to be diluted
and neutralized and had the pH adjusted to 7.4
using 0.1m hydrochloric acid. The final
concentration of emulsified milk was 1/161th of
stock milk. Liquid milk that is identified as peak
milk contains 9.7g of milk fat/157ml which
necessitated emulsification with strong
commercial detergent so as to avoid interference
with spectrophotometric transmittance that would
otherwise give false absorbance.

Centrifuged saliva diluted with a mixture of tris —
HCI buffer, NaCl(aq) and distilled water gave a
final solution whose concentration is Y the
concentration of stock saliva  solution.
Centrifugation was at approximately 3000rpm (or

at 1343 g). The control reaction mixture was free
from appropriate osmolyte. The test reaction
mixture contained osmolyte(s) at 37°C. In testing
for the effect of one or a mixture of co-solute(s)
otherwise called osmolytes, ethanol/aspirin was
first added to the enzyme solution and if the
second co-solute was required it was then added
before 1mL of the substrate (native soluble
starch without heat treatment) was added and
the duration of assay was 5 minutes. In testing
for the effect of a mixture of milk and ethanol,
0.5mL of each, 1mL each of substrate and
enzyme were mixed; but if milk or ethanol alone
is tested for as control, 0.5mL of distilled water,
0.5mL of either ethanol or milk, 1mL of substrate,
and 1mL of enzyme were mixed.

The activity of 1mL of the enzyme was measured
by the 3, 5 — dinitrosalicylic acid method [29].
Spectrophotometer readings for the
determination of amount of maltose yielded were
taken at a wavelength, 540nm, and the extinction
coefficient was 181.1/M.cm. But further
centrifugation (at a rate stated earlier) of the
reaction mixture after termination of reaction was
carried out in order to sediment suspended
undigested starch granules and consequently
prevent interference with transmittance thereby
achieving stable absorbance. Activity of enzyme
was measured as units/mL. 1U = molarity of
product x 1 mL of substrate /1000mL)/5min.1mL
of enzyme. In all, 0.5mL of ethanol, 0.25mL of
sucrose, and 0.5mL of aspirin were used as the
case may be. K, values for the calculation of In
(Km(me=0) /Km (mc)) Were determined according to
the method of Lineweaver — Burk [30]. The
values of G(c) (the pair wise Gibbs free energy of
interaction) were derived from an indispensible
principle reported in the paper by Engberts and
Blandamer [17] as follows:

In (kl(mc) /kl(mc = O)) =1In (k—l(mc) /k—l(mc = O))
= In(lle(mc)) - In(lle(mc:O))
= (AAG(c) m./RT) = AnpM;m, ©)

AAG(c) is determined by plotting In (1/Kmme) —
IN(L/Kiyme = ) against m. The slope from such
plot is equal to AAG(c)/RT. The final formulation
is shown in appendix A. Here, AAG(c) is for the
purpose of simplicity referred to as the Gibbs
energy of co — solute interaction otherwise, it is,
as defined earlier in the text as the difference
between the Gibbs energy of interaction between
(i) the added co — solute and the initial state (IS)
of the reactants including the enzyme and (ii) the
added co — solute and the activated complex
(AC); the double change (AA) in Gibbs free
energy is due to what could be clearly seen at



the left hand side of Eq (1); k; and k-; are the
rate constant of the forward and backward

directions of the equilibrium E + S = ES; (m,)
and (m. = 0) represent in the presence and
absence of the osmolyte respectively.

The m — values described as the slope of the
protein  folding  stability = with  osmolyte
concentration [27] is determined by plotting free
energy of protein (un)folding (AG®) against co —
solute concentration. This approach has been
described innovatively elsewhere [7], but briefly
restated as follows for quick and easy reference:
According to Rdsgen et al [27], m — value for the
protecting osmolyte (or a kosmotrope) is positive
while the m — value for destabilizing osmolyte (or
a chaotrope) is negative. The equation linking
AG® and m — values is, as often cited in literature,
in terms of the presence of minus sign [31].

AG° = G°%_,p— m[co — solute] (8)

Other scholars [32] use the equation in which the
plus sign is the case:

AG° = AG°_,p + m[co — solute] 9)

where AG°_p is the Gibbs free energy of
unfolding, native to denatured state transition
(N—D) in the absence of co — solute. “Round
dining/hospitality — table disagreement as to the
choice of model, either Eq (8) or Eq (9), to be
used must not, however, overturn cups of tea
fortified with milk”.

U = (SA = SAobs)/(SA = SAnin) (10)
where SA, SAqs, and SAn, are specific activity of
the native enzyme, observed specific activity
under the influence of additives, and minimum
specific activity resulting from the effect of
destabilizer.

Equation (10) follows original Pace’s equation
[33] that depends on fluorescence data. The
equation is:

U = (An = Aops)/( An — Ap) (11)
were Ags IS the observed absorbance used to
follow unfolding in the transition region, and Ay
and Ap are the values of absorbance of the
native and denatured conformation of the protein,
respectively, and U is the fraction of the unfolded
enzyme. The fraction of folded is 1-U. Thus
according to Pace [33],

Keq = U/(1 - U) (12)

Based on the assumption of two state models,
Keq is the equilibrium constant for the process

N=U. Meanwhile,

AG® = - InKeq (13)
Substituting Eq (12) into Eq (13) gives,
AG®° =-RTInU/(1-U) (14)

3.1 Statistical Analysis

Except otherwise stated, data are expressed as
MeanzS.E.M., where S.E.M is the standard error
of the mean. All calculations were manually
carried out with electronic calculator.

4. RESULTS

4.1 Gibbs free Energy Change for co —
Solute Interaction with Reaction
Mixture Components

In Table (1) are thermodynamic parameters
(namely Gibbs free energy (AAG(c)) values) of co
— solute interaction with solution components in
the presence of single osmolyte such as aspirin
and a mixture of aspirin and sucrose. In a
reaction mixture in which aspirin is the only
osmolyte, the AAG(c) values for PAA were
negative unlike the values for HSAA (Table 1).
The r-value (correlation coefficient) for HSAA
was larger than the value for PAA.

In a mixture of aspirin and sucrose (Table 1),
there was difference in magnitude and sign of
AAG(c) values between PAA and HSAA: For
instance while the magnitude of AAG(c) in both
enzymes were similar in the presence of 3.60mM
sucrose, the values are however, different at
higher concentrations of sucrose; the sign for
PAA were all negative unlike the sign for HSAA.
The r-values were comparable.

In Table 2 are thermodynamic parameters for
interaction of co — solute(s) solution components
in the presence of single osmolyte such as
ethanol only and in the presence of a mixture of
ethanol and sucrose. The enzymes differed in the
sign of AAG(c) values in the presence of ethanol
only. However, both enzymes had high r-values.



Table 1. Gibbs free energy of interaction of co-sol

ute in a mixture of aspirin and sucrose

[Sucrose] HSAA PAA

(mmol/kg) AAG(c) r AAG(c) r
(10°Jkg/mol 2 (10°Jkg/mol ?)

0.00 4.48+0.783 0.99 -6.49+1.166 0.77

3.60 4.49+0.932 0.87 - 4.83+0.338 0.82

7.19 6.960.579 0.94 -5.73+0.184 0.87

14.38 8.34+0.262 0.97 - 6.73+0.37 0.85

HSAA and PAA are human salivary and porcine alpha amylase respectively. 44G(c) is the difference between the
Gibbs energy of interaction between (i) the added co - solute and the initial state (IS) of the reactants including
the enzyme and (ii) the added co - solute and the activated complex (AC). This leads to final state of enzyme-
substrate complex; r is the correlation coefficient; [Sucrose] is the concentration of sucrose in mmolKg; df =1 in

the assay of HSAA in aspirin-sucrose system while it is 2 in other system and results obtained are presented as:
Mean#SEM. Assay of enzymes was at 310.13K while Kymc) values were determined by Lineweaver-Burk plot

following the assay of the enzymes in the presence of a mixture of aspirin and sucrose at different fixed
concentration of sucrose

Table 2. Gibbs free energy of interaction of co-sol

ute in mixture of ethanol and sucrose

[Sucrose] HSAA PAA

(mmol/kg) AAG(c) r AAG(c) r
(10%3kg/mol ?) (10°Jkg/mol ?)

0.00 -3.60+1.3 0.96 0.31+0.005 0.91

3.60 - 2.27+0.619 0.97 -1.16+0.023 0.91

7.19 -3.88+0.438 0.94 - 1.04+0.010 0.90

14.38 -1.51+0.361 0.98 - 0.86+0.010 0.90

HSAA and PAA are human salivary and porcine alpha amylase respectively. 44G(c) is the difference between the
Gibbs energy of interaction between (i) the added co - solute and the initial state (IS) of the reactants including
the enzyme and (ii) the added co - solute and the activated complex (AC); r is the correlation coefficient;
[Sucrose] is the concentration of sucrose in mmol/kg; df = 2 in the assay of HSAA and PAA in aspirin-sucrose
system. Results obtained are presented as: Mean+SEM. Assay of enzymes was at 310.13K while Ky (mc) values
were determined by Lineweaver-Burk plot after the assay of the enzymes in the presence of a mixture of ethanol
and sucrose at different fixed concentration of sucrose. 44G(c) is obtained by multiplying the slope (gradient) of
the line from the plot of INKi (mc = 0) /Km (me) Versus molal concentration of the co-solute by RT

4.2 Effect of Aspirin and a Mixture of it
and Sucrose on the Velocity of
Hydrolysis of Soluble Potato Starch

The results in Table 3 show that the activities of
the enzymes in the presence of aspirin with and
without sucrose were higher than control values.
In reaction mixture containing aspirin as the only
osmolyte, there was an increasing trend in the
activities of HSAA and they were several folds
higher than the activities of PAA in similar
reaction mixture. PAA showed decreasing trend.
Except at different fixed concentration of sucrose
equal to 3.57mmol/L and 7.14mmol/L, the activity
of HSAA in mixed osmolytes of aspirin and
sucrose was to some extent lower than the
activity in sucrose free reaction mixture (the
control). The activity of PAA in sucrose free
reaction mixture (control) was lower than in all
sucrose containing reaction mixture. There was
irregular incremental trend in the activity of PAA
with increasing concentration of aspirin at
different concentration of sucrose. This was
unlike the activity of HSAA except at

0.76mmol/kg of aspirin, due perhaps, to
fluctuation in temperature. Activities of HSAA in a
mixture of osmolytes, and in the presence of
aspirin only, in the reaction mixture, were higher
than activities in osmolyte free reaction mixture
and, there was incremental trend in the activities
(Table 3).

4.3 Effect of Ethanol and a Mixture of it
and Sucrose

All the activities of HSAA in a mixture of ethanol
and sucrose were higher than control containing
non-consumable ethanol only; but none is up to
control without non-consumable ethanol. The
activity of HSAA and PAA in a reaction mixture
containing only aqueous non-consumable
ethanol (industrial ethanol) as the only osmolyte
was lower than control values. However, the
activity in a reaction mixture containing non-
consumable ethanol and sucrose was higher
than control values (Table 4).

In both HSAA and PAA containing reaction



was (38.3 - 61.1) U/mL in a total reaction volume
of 2.75 mL. In similar circumstance, it was (57.9 -
31.8) U /mL for HSAA. These can be found in
Table 4.

mixtures, the activities were less than control at
all dilution factors. However, there was
increasing trend in activity of PAA unlike HSAA.
Between 0.89 mol/L and 4.33mol/L non-
consumable ethanol, the range of activity of PAA

Table 3. Activities of alpha amylase in a mixed osm  olyte of sucrose and aspirin at different

fixed concentration of sucrose

HSAA

[Aspirin] v/10°mumL ™
(mmol/kg) [Sucrose]/mmol/kg

0.00 3.60 7.19 14.38 28.76 57.75
0.763 1.3940.116  1.79+0.069 1.67+0.021 1.76+0.196 1.80+0.001  1.54+0.081
1.526 1.50+0.013  1.93+0.053 1.34+0.033 1.1740.029 1.20+0.004  1.1540.004
3.052 1.68+0.024 2.06£0.007 1.37+0.0.12 1.39+0.035 1.56+0.035 1.71+0.084
4.578 2.05+0.061 2.26+0.162 1.95+0.122 1.83+0.263 2.00+0.089 1.7440.015
6.104 2.46+0.878  2.83+0.878 2.7940.087 2.76+0.237  2.95+0.204  3.04+0.047

PAA

[Aspirin] v/10°mUmL ~*
(mmol/kg) [Sucrose]/mmol/kg

0.00 3.57 7.14 14.29 28.57 57.14
0.763 0.74+0.032  1.18+0.017 2.5840.072 3.09+0.124 4.61+0.017  4.85%0.09
1.526 0.73+0.159 1.86%0.033 1.6840.026  2.04+0.067 1.80+0.071 1.6440.115
3.052 0.69+0.010 1.3240.044  1.04+0.031 1.06+0.087 1.3240.038 1.40+0.046
4.578 0.40+0.064 0.61+0.100 0.83+0.015 0.92+0.058 1.0640.055 1.15+0.023
6.104 0.21+0.066 0.61+0.100 0.83+0.100 0.92+0.058 1.05+0.055 1.15+0.023

The activities of untreated (control) HSAA and PAA are 111.32mU/mL and 109.98mU/mL respectively. HSAA
and PAA are human salivary and porcine pancreatic alpha amylase respectively. Raw starch was the substrate.
The original unit of activity was expressed in mol/dm?®/mL.min. The number of moles of product maltose in ImL
is: the molarity of product
x 1 mL of substrate /1000mL. Therefore, 1unit = (molarity of product x 1 mL of substrate /1000mL)/5min.1mL of
enzyme. This is intended to avoid confusion

Table 4. Activities of alpha amylase in a reaction

different fixed concentration of sucrose

mixture containing sucrose and ethanol at

HSAA
[ETH] V/10° mUmL ™
(mol/L) [Sucrose]/mmol/L
0.00 3.57 7.14 14.29 28.57 57.14
0.866 0.58+0.718 1.14+0.118 0.95+0.614 0.77+0.109 0.7+0.03 0.69+0.045
1.734 0.49+0.651 0.9+0.03 0.66+0.614 0.70+0.238 0.66+0.343 0.65+0.096
2.406 0.40+0.578 0.82+0.126  0.59+0.126 0.65+0.241 0.61+0.446 0.66+0.042
3.367 0.36+0.579 0.74+0.403 0.49+0.358 0.61+0.446 0.60+0.403 0.65+0.300
4.331 0.32+0.578 0.65+0.387 0.40+0.224 0.60+0.432 0.51+0.519 0.62+0.134
PAA
[ETH] V/10° mumL ™
(mol/L) [Sucrose]/mmol/L
0.00 3.57 7.14 14.29 28.57 57.14
0.866 0.38+0.389  2.85+0.951 2.67+0.135 2.23+0.122 2.20+0.14 1.96+0.178
1.734 0.40+0.420  1.54+0.003 1.53+0.003 1.35+0.013 1.29+0.08 1.344+0.013
2.406 0.54+0.578  1.2+0.03 1.34+0.039 1.42+0.047 1.46+0.02 1.50+0.000
3.367 0.59+0.133 0.40+0.009 0.45+0.004 0.49+0.011 0.64+0.03 0.69+0.019
4.331 0.61+0.373 0.54+0.054 0.62+0.039 0.66+0.035 0.76+0.06 0.93+0.027

One unit (1U) of enzyme activity is 1x10° mol of maltose produced per minute when the substrate, 1mL of raw
starch, is hydrolyzed by 1mL of the enzyme in 5 minutes. HSAA is crude human salivary amylase; PAA is porcine
alpha amylase; v is activity (mU/mL) at 37°C; ETH is non-consumable ethanol (that is ~100% ethanol that should



not be ingested). The activities of untreated (control) HSAA and PAA are 111.32mU/mL and 109.98muU/mL
respectively

In a mixture of non-consumable ethanol and
sucrose, there was decreasing trend in activity
for both enzymes. But the activity of PAA is
higher than control between 0.89 - 1.73mol/L of
non-consumable ethanol. There was higher
activity of PAA at each fixed concentration of
sucrose except 3.57mmol/L in the presence of
4.33mol/L of non-consumable ethanol than in the
absence of sucrose. Also, in the presence of
molar concentration of sucrose ranging from 3.57
-14.29mmol/L and 3.367mol/L ethanol, the
activities of PPA were lower than control value
without sucrose. All the activities of HSAA were
lower than control reaction mixture containing
zero concentration of any osmolyte — both non —
consumable ethanol and sucrose free reaction
mixtures. The activities of PAA in a mixture of
osmolytes containing molar concentration of
ethanol ranging from 0.89 to 2.41mol/L and
sucrose were higher than control containing only
non — consumable ethanol.

4.4 Effect of emulsified milk

For different reasons the effect of additives and
milk known for its mineral content and different
starches had been investigated in the past [34 —
37; 38]. In this research the effect of milk was
tested primarily because of its mineral content.
The activity of HSAA reported as MeantSD is
0.21+0.01 U/mL in the presence of milk only.
This was found to be lower than the activity
0.304+0.003 U/mL of control without milk or any
osmolyte whatsoever. The relative activities of
the enzymes expressed as percentage of control
and plotted versus molar concentration of
ethanol is illustrated in Figs. 1 and 2 for HSAA
and PAA respectively. Fig. 1 clearly shows that in
the presence of a mixture of milk and ethanol,
there is a decreasing trend in the activity of
HSAA. There was greater diminution in the
activity with the combined effects of ethanol and
mineral content of milk than with ethanol alone
as may be attested to by higher r? for ethanol-
milk mixture than for ethanol alone (Fg.1). This is
unlike PAA (Fig. 2).

4.5 Determination of m — values and free
energy of folding — unfolding transition.

Investigation of the effect of additive (ethanol) to
either force folding or unfolding, the m — value
has its result presented graphically in Fig 3. The
m — values for HSAA and PAA were negative
though the magnitude for PAA is higher than for

HSAA. These values are -1.09+0.02 and -
3.2940.02kJ/mol for HSAA and PAA respectively.
The free energies (AGy_y) of folding to unfolding
transition in the absence of stabilizing agent are
- 0.29+0.08 and + 14.17+0.07kJ/mol for HSAA
and PAA respectively.

5. DISCUSSION

The effect of the presence of aspirin, ethanol and
a mixture of each and sucrose on the stability of
enzyme substrate complex was investigated.
Looking at the data one can easily say that the
plot of natural logarithm of relevant parameter
earlier stated versus the molal concentration of
co — solute otherwise called osmolyte may either
yield a positive or negative slope at this level of
investigation. The important issue is that the
magnitude of AAG shows the likelihood of
interaction between solution components.
However, inhibition is likely to be less with very
dilute destabilizing or interacting (preferential
binding) osmolyte, and according to the nature of
inhibition, the K, may be lower so that low
IN(Km(me=0)/ Kmme)) Mmay be compensated for by low
[osmolyte] in the relation 0IN(Km(mc=o)
IKmme)/0[osmolyte] - the slope. If the
concentration of osmolyte alone or in
combination with other osmolyte is very low and
stabilizing, Kmme=0) /Kmme) > 1, the value of AAG
will be large. If Knmc=0) /Km(me) < 1 in the presence
of low destabilizing osmolyte, the value of AAG
will also be large. This is clearly based on simple
mathematical principle. This is clearly in
agreement with the assertion that “the effects of
the changing environment on polarity and
chemical and enzyme reactivity have been
assessed as a function of solute concentration”
[39]. This is clearly evidenced in Tables 1 and 2
where in the absence of sucrose, in the presence

of aspirin and ethanol respectively ([Aspirin] <«
[Ethanol]) the values of AAG for HSAA and PAA
in the presence of aspirin only is ~ 10° x the
values in the presence of ethanol only. All
negative AAG(c) values pointed to the
stabilization of the IS of both substrate and
enzyme and consequently a destabilization of
AC/ES [16, 17]. The implication is that the
enzymes role as a modulator/stabilizer of a
transition-state ensemble [14, 26] might have
been inhibited. Thus, the so-called diffusional
encounter complex of two components
(described as a transient state) cannot be held
together by fluctuating short-range interaction in



contrast to report elsewhere [15]. The implication
is that the activity of the enzyme can be
negatively affected as the case may be. Thus as
Table 1 show, the presence of aspirin and
sucrose appeared to have partially inhibited the
activity of PAA due perhaps, to the stabilization
of the initial state of the enzyme at the expense
of the ES.

The adducible reason, from known effects of the
polarity of solvent on the stability of complexes is
the blocking by the co-solute of the reaction
centre on the ES from attack by water [16]. Also,

represented by a two — step process with an
intermediate state (AB)* known as a transient (or
encounter complex) according to the scheme
[40], A + B « (AB)* —C, it becomes apparent
that any agent or factor that can disrupt the
process of encounter complex formation and
ultimately the activated complex, including the
ES, would inhibit or retard the rate of hydrolysis
of the substrate. It is worthy of note that the
values of AAG(c), ranging from — 227 to -
102Jkg/mol® in the presence of ethanol in a
mixture of it and sucrose reported for HSAA in
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Fig. 1. Variation of relative activity of human sal

ivary alpha amylase (HSAA) as percentage of

control without any additive
(#): is the assay of HSAA in the presence of ethanol only and (m): refer to assay in the presence of milk — ethanol
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Fig. 2. Variation of relative activity porcine panc

reatic alpha amylase (PAA), as percentage of

control without any additive
(#): is the assay of PAA in the presence of ethanol only and (m): refer to assay in the presence of milk — ethanol

mixture
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Fig. 3. Determination of m - value and free energy of folding - unfolding tra

nsition

The m — values are —1.0920.02 and -3.292#0.02kJ/mol for HSAA and PAA respectively while (4G _u) for HSAA
and PAA in this study are -0.29240.08 and +14.17+0.02kJ/mol, respectively at 310.15K. As stated earlier, values
were obtained by multiplying slope and intercept by RT to give the corresponding parameters. (m): is the assay of

PPA in the presence of ethanol-milk mixture while (#): refer to assay of HSAA in ethanol-milk mixture

particular are similar to those reported for the
neutral hydrolysis of esters: Those past values
are —-120 and -231 Jkgmol® in the presence of
ethanol and propan — 2 — ol respectively as well
as values such as - 142, -201, and -227
Jkgmol2 in the presence of D — galactose, D —
glucose, and D — mannose respectively [17!. The
value reported for sucrose is — 541Jkg/mol” [17].
These values may concern non — biological
reactions but they share a general principle with
more complex biological reactions. It can be
deduced from this finding that the OH-groups
which are stabilizing agents and much more
available in sugars, disaccharides in particular,
are not in the right concentration to overcome the
destabilizing effect of — CH, — rich hydrophobic
co — solutes.

The presence of ethanol disrupts the spatial
structure of water around the macromolecules
like proteins [41] which affects the 3 — D (3 -
dimensional)  structure of the enzyme.
Furthermore, since polar solvent is known to strip
water off protein core and external domain [42]
there may have been insufficient water
molecules to stabilize partial charges in protein /
substrate and ultimately the encounter complex /
(ES) contrary to expectation [12, 13]. Additional
support to those reasons is the high entropic cost
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(entropic cost is only for the purpose of
explanation otherwise it is not covered by the
scope of the research) of fixing water to its
reactive site on the complex for its action [19].
The effect of ethanol is greater for HSAA than
PAA while sucrose which generally has opposite
effect to ethanol seemed to affect PAA more than
it does for HSAA. This may be as a result of
greater 3 — D structure for PAA than for HSAA.
The AAG(c) due to the presence of ethanol in the
hydrolysis of esters and amides reported in the
past [17] is negative in sign and similar in sign to
current finding as applicable to HSAA; both are
comparable in magnitude (Table 2). This was not
the case in respect of PAA in which AAG(c) was
positive and almost thrice in size. This may have
to do with greater rigidity of PAA which achieved
greater conformational flexibility due to effect of
ethanol similar to past report in different condition
such as requirement for improved flexibility or
plasticity  of  protein molecule  among
psychrophiles [43 — 45] and as it is the case of
bad solvent being a good solvent for protein
(PAA) [46]. On the contrary, all positive AAG(c)
parameters associated with induced rate
accelerations due to added co - solutes were
indicative of stabilization of the AC relative to IS
perhaps through favourable polar interactions
with the co-solute and increased hydrophobicity



of the components of encounter complex [16,
17]. This was well reflected in the effect of aspirin
only and ethanol only on HSAA and PAA
respectively. Thus, the presence of sucrose in
different fixed concentration in a mixture of
aspirin and sucrose exhibited positive AAG(c)
parameters for HSAA and negative AAG(c)
parameters for PAA.

The theory of savage-wood additivity of group
interactions (SWAG) also described as pair —
wise group interaction parameter offers source of
explanation [16, 17]: The observed negative
AAG(c) parameter which implied rate retardation
is explained on the basis of a rate-decreasing
contribution of -CH,- groups while positive
AAG(c) parameter can be analyzed and
explained in terms of rate-enhancing contribution
from OH groups [17]. The question that needs to
be asked is whether there is upper limit to the
stability of ES/encounter complex above which it
becomes unfavorable to transformation to
product? This is against the backdrop of further
increase in stability in aqueous solution upon an
increase in the hydrophobic nature of the
encounter complex constituents [16]. However, -
CHy- group is hydrophobic and its hydrophobic
nature increases with the size of it in terms of
n(CH,) where n »1. Yet it has been reported to
possess two opposing effects. Increase in
favourable interaction upon increasing the
hydrophobic nature of the reactant (ester for
instance) and co — solute conformed to an
increase in the stability of the encounter complex
by hydrophobic interaction [16]. Therefore,
stability should increase with large n. But if -CH,-
is rate decreasing implied in SWAG then, the
purported stabilization due to increasing n, may
be as a result of its effect on ES. This situation is
relatively more favourable to PAA, whose
activities showed incremental trend with
increasing concentration of ethanol, but were
less than control value without ethanol. This
implies that the encounter complex preceding the
formation of ES formation was partially stabilized
due to the interaction between the complex and
ethanol. Cognate to this is the issue of
concentration of added co - solute to the
reaction mixture such that a plot of In K, (m.
0)/Kn (m¢) versus such concentration would
produce a slope that is either high or low in
accordance with the degree of dilution of the co-
solute.

What is obvious is that at higher degree of
dilution (low concentration of co-solute), the
effect of destabilizing co-solute will be reduced
because free energy cost for interacting with the
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substrate, enzyme, and ES etc should be
unfavourable. The same issue is applicable to
stabilizing co — solute. It is not certain therefore,
how figure 2 appears in the model according to
Buurma et al [16]. Stability of ES is also, said to
be promoted by translational entropy of departing
water of hydration [47]. This seemed to be
against preferential hydration of protein following
exclusion of protecting osmolyte, sucrose for
instance, as in this work, from the vicinity of
protein surface domain [26, 28, 48].

Upon careful examination of the data (Tables 3
and 4) , one can see that while aspirin has
stabilizing effect on HSAA, ethanol had opposite
effect but such effect of ethanol in particular was
less pronounced on PAA. With respect to HSAA,
the effect of aspirin is similar to its effect on pearl
millet alpha amylase (4) and on rat intestinal
alpha amylase [49]. The effect on PAA is the
same as the effect on hydrolases in both
homogenates and brush border membrane
preparations in which there was decrease in the
activity of the enzyme following treatment with
aspirin [6]. The effect on HSAA is also similar to
the effect on rat pancreatic alpha amylase whose
activity increased (49). Like the effect of a
mixture of aspirin and gum on rat intestinal alpha
amylase [49], a mixture of aspirin and sucrose
caused a rise in the activity of HSAA with
increase in the concentration of aspirin. This was
unlike PAA similar to the observed decrease in
the activity of rat pancreatic alpha amylase [49].
Also the decrease in the activity of HSAA and
PAA below control (though there was increasing
activity of PAA unlike HSAA with increasing
concentration of ethanol) is similar to the effect of
ethanol on B. Licheniformis whose activity
decreased after treatment with ethanol [2].
However, Onyeson and Erude [3] observed
increase in the activity of the salivary and plasma
enzyme in alcoholics. But it is not certain whether
the assay was conducted in vitro in the presence
of ethanol.

The need for conformational flexibility confirms
the claim regarding the effect of ethanol on PAA.
Although the activities of PAA in the presence of
different concentrations of ethanol were lower
than control activities, there were increasing
trend in activities with increasing concentration of
ethanol. This suggests that there was increasing
conformational flexibility that could not totally
inhibit the activity of the enzyme, pointing to the
fact that there must be optimum conformational
flexibility as against structural rigidity for function,
an issue mostly applicable to cold adapted
enzymes, otherwise called psychrophiles [44].
The effect of ethanol is similar to the view that a



bad solvent can become useful [45, 46] in
manner dependent on the nature of the enzyme
such as greater rigidity of PAA [28] but against
the known destabilizing role of ethanol on most
enzymes. In other words the effect of ethanol on
PAA, in particular, in reducing rigidity (or global
compact state) is in line with the view that many
enzymatic reactions cannot be understood from
the rigid — protein viewpoint since conformational
changes or flexibility provides a mechanism for
achieving enzyme specificity [40]. Thus, the
structural and functional characteristic of the
enzyme must be sustained by a mechanism
which brings a balance between compact state
structure and conformational flexibility. Extreme
ends of the structure may not enhance the
function of the enzyme.

The ring structure of aspirin is a major source of
hydrophobic properties while the size of ethanol
makes it less hydrophobic. In their capacity as
single co-solute, they presented different
thermodynamic effects: While HSAA showed
positive AAG(c), PAA showed the opposite sign
in the presence of aspirin only. In the presence of
ethanol, the enzymes showed differences in the
sign of the parameter. The positive sign of
AAG(c) in the presence of ethanol implied that
there was at least partial rate enhancement as
opposed to total rate inhibition of PAA unlike
HSAA in agreement with theory [16, 17]. This is
therefore, applicable to the situation where IS
species is stabilized at the expense of AC (e.qg.
ES) as applicable to HSAA. This is therefore, a
confirmation of the implication of negative AAG(c)
[16] which is evidence of rate inhibition.
Nonetheless, in this investigation the presence of
ethanol and sucrose has rate retarding effect on
HSAA and PAA respectively. It is certain,
therefore, that PAA has greater conformational
stability than HSAA, hence presence of sucrose
in a mixture of it and aspirin may have rigidified
PAA similar to observation elsewhere [28] and to
a greater extent than HSAA, while presence of
ethanol resulted in significant unfolding
(decrease in activity) above optimum degree of
conformational flexibility needed for function.
Hence in respect of HSAA, there is need to
stabilize the ES which may need higher
concentration of a stabilizer such as sucrose.
There is need because, the ES may undergo
dissociation let alone the encounter complex in
the presence of ethanol for instance in
agreement with the view that an encounter
complex will not always proceed toward the final
complex [50]. Since encounter complex
formation precedes the formation of active
complex, ES, for instance, which is said to be
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stabilized by both hydrophobic and electrostatic
interaction [50], the presence of co — solute may
either alter the dielectric environment to an
extent not compatible with the minimum required
for functional structure formation even though as
have been reported [16], that its hydrophobic
effect also enhances hydrophobic interaction in
the complex.

Alpha amylase from various sources presents
different homologues with different dependences
on calcium salt for activity stability
complementarity  sustenance. Thus some
homologues may show independence on calcium
ion [51, 52]. This present study showed that the
presence of calcium ion in milk seemed to have
retarded the activity of HSAA; otherwise one
should have expected a strong protective effect
against destabilizing effect of ethanol that should
have led to higher activity. There is no doubt that
milk contains minerals like calcium and
magnesium etc as may be accounted for by the
observation that these minerals are not altered
by the stage of lactation [34, 35]. This being a
general case implies that, the presence of the
calcium salt in particular may have accounted for
the diminution in the activity of milk treated HSAA
when compared with control and the activity
(0.49+0.64U/mL; n 3) of milk treated PAA
similar to report elsewhere [36] including 3 days
postpartum (colostrums), 1.3 weeks, and 6
weeks lactation activities equal to 8.97+0.70,
0.004+0.001, and 3.55+0.89U/mL respectively
[37]. As claimed elsewhere [38], under similar
condition free from additives, the control activities
of HSAA and PAA are similar, 0.304+0.003 and
0.304+0.002U/mL respectively. A plot of relative
activity (as a percentage of control) versus molar
concentration of ethanol, in the presence of
ethanol alone (Fig.1) shows decreasing trend
though with lower “declivity” (R* = 0.881) than
similar trend in the presence of ethanol — milk
mixture, with higher declivity (R2 = 0.996). Thus
the combined effect of ethanol and calcium ion
component of milk led to greater diminution in
activity than the effect of ethanol alone. The
emulsified fat content using strong commercial
detergent may not have been responsible
otherwise the higher slope could not have been
the case. The probable reason may be as a
result of the failure of the chloride ion (from
sodium chloride) content of the reaction mixture
to oppose the inhibiting effect of calcium ion
whose binding to the protonated state of Glu —
233 of the enzyme should have been weakened
by the presence of chloride ion so as to make the
opposition effective [53]. This may be justified if
cognizance is taken of the fact that saliva



contains not just proteins but calcium salt and
combined with extra calcium salt in milk, it is
obvious that there may be imbalance in the ratio
[Calcium ion]:2[Chloride ion].

The issue of the effect of excess calcium ion had
been observed elsewhere in the presence of
excess extracellular calcium chloride at
temperatures ranging from 25 — 60°C [36] and
loss of stability and cognate activity by Bacillus
hamapalus alpha amylase at much higher
concentration  of calcium chloride and
temperature > 70°C [54]. On the other hand PAA
like most other homologue like HSAA, has
calcium binding site in which calcium ion creates
an ionic bridge between two B-structures which
promotes the three dimensional form for function
and stability [55]. Thus the fact that PAA is
exposed to extra calcium salt in the milk is not
sufficient to cause inhibition of the commercial
enzyme, PAA (purchased enzyme in the highest
state of purity) that may not have been fortified
with extra calcium leaving only perhaps, the
intrinsic  calcium ion unlike saliva from
mammalian source, without exception, whose
alpha amylase content, including minerals such
as calcium, sodium, potassium and phosphate, is
part of well known composite fluid milieu [56].
The reaction mixture which contained sodium
chloride may have been the source of chloride
ion that have been implicated to be required for
full activity [57] and whose removal leads to
significant decrease in activity [53].

The sign of the m — value determine whether a
compound stabilizes or destabilizes a protein
[58]; there is experimental evidence that with
urea as a denaturant the m — value obtained
from linear extrapolation method of protein is
constant and negative and invariant to the
concentration of urea [59, 60]. This is in line with
Eq (9) [58] The m - values for protecting
(stabilizing) osmolytes are found to be positive in
sign, and are commonly assumed to be constant.
This assumption was found to be true
experimentally for trimethylamine-N-oxide [61]
and glycine — betaine [60]. The reason as to the
choice of either Eq (8) or Eq (9) as in literature is
not obvious or clear. Nonetheless, the outcome
of assay in the presence of denaturant or
stabilizer alone or a mixture of them should
reveal the sign of m — value as to whether or not
there was folding (native — like activity (7)) and
unfolding (loss of activity (7)). In the light of this is
the observation that stabilizers namely, TMAO,
proline, sorbital etc showed +m-values,
157+0.31, 2.33#0.47, 1.22+0.75kcal/mol/M
respectively for N — terminal activation domain
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(AF1) of the glucocorticoid receptor [62]. But in
this present report based on the sign of the slope
of the plot of free energy versus molar
concentration of ethanol mixed with milk, the m —
values for HSAA and PAA are —1.09+0.09kJ/mol
and - 3.29+0.02kJ/mol; ab initio, PAA surprising
showed increasing trend in relative activity with
increasing concentration of ethanol (Fig. 2) and
coupled with stabilizing effect of milk content,
calcium salt in particular, one would have
expected a total reversal of the effect of ethanol
to achieve much less negative m — value and
activity much higher than controls without any
additive including milk and with milk only. This is
to say that the m — value should have been
positive. However, the observed m — value may
be as it is because just as the presence of
sucrose with increasing concentration of ethanol
and aspirin lead to decreasing activity of PAA, a
situation observed also for HSAA in the presence
of increasing concentration of ethanol only, there
is also the presence of a disaccharide, lactose, in
milk.

Since “the slope, m, obtained from the LEM
analysis represents the cooperativity of the
transition and is a measure of the efficacy of the
osmolyte in forcing a protein to either fold or
unfold” [63] the negative m — values obtained for
both enzymes suggest that there was obviously
inhibition of activity with increasing concentration
of ethanol. The equilibrium constant (K,) for
native to unfolded transition has its implication
such that values of it less than 1 implies that the
fraction of native protein (N) is > unfolded protein
(U). Therefore, increasing value of Kgq implies
that U is increasing as should be expected from
Eq (12). The higher activity (high N in line with
Baskakov and Bolen (7) verified postulation) with
milk  only than without milk, i.e. the control,
shows that PAA is favourably depended on
calcium content of milk, being stabilized by it as
observed in the presence of extra calcium
chloride in previous investigation [36]. This is
unlike HSAA in this investigation and in the past
[36]. The paradox however, is the observation
that sucrose and proline have negative m —
values, — 0.2 and - 0.1cal/mol/M respectively for
cold shock protein (CspTm) while guanidinium
chloride and urea, well known denaturants have
positive m — values, 2.4 and 0.9 cal/mol/M,
respectively. The urea m value,
1.84+0.02kcal/mol/M is reported for Barnase
[61].

On the other hand, the free energy (AG°y.y) of
transition from native to unfolded, for HSAA and
PAA in this study are -0.29+0.08 and



+14.1740.02kJ/mol, respectively. It may not
require any unknown skill to obtain conclusive
facts about these AG°y .y values but all that may
be needed is just a careful examination of those
values of AG®_ and correlate with the activities
of the enzymes in the presence of milk only. In
line with Résgen et al [58] and Auton et al. [63],
the negative value of AG’y_y for HSAA testifies
to the fact that the presence of milk and its
content, calcium salt in particular, was inhibiting
the activity of the enzyme in the absence and
presence of ethanol; Ay > Ayik > Agthanol + Mik]
where Ay, Ak, @Nd Afgthanol + milg are activities of
native enzyme in buffer only, milk only and
ethanol — milk mixture.. Fig. 1 gives additional
illustration to this position. This is unlike PAA in
which Awik > A[Ethanol + Milk] = An with Supportive
illustration in Fig. 2. Thus the much higher
magnitude of AG°y.y, with positive sign shows
that in the absence of ethanol, the calcium salt
content of milk stabilized and enhanced the
activity of PAA which is much in agreement with
the high activity in milk only. Negative AG°\_y
implies spontaneity of folding unfolding
transition. Positive AG°y_y as applicable to PAA
only means that such transition is less
spontaneous. AG°_y values in the absence of
urea, GAmCI, sucrose, and proline had negative
sign viz: - 6.1, - 5.8, - 6.3, and - 6.3 kcal/mol
respectively for cold shock protein Tm [64].

6. CONCLUSION

Unlike PAA, the presence of aspirin only
enhanced the activity of HSAA. Both enzyme
showed decreasing trend in activity with
increasing ethanol in the presence of sucrose.
The observed sign of the Gibbs free energy of
encounter complex formation remains evidence
of either rate enhancement (positive AAG(c)) or
rate retardation (negative AAG(c)). The sign of
AAG(c) seemed to be a function of the nature of
the enzyme as can be seen in the differences in
the sign of AAG(c) between PAA and HSAA.
These scenarios seemed to validate the model.
From activity measurements, extrapolated
AG°y_y , and m — values, it is very obvious that
while ethanol retards the rate of hydrolysis of raw
starch, it is also a fact that the presence of
calcium salt in milk enhanced the activity of PAA
unlike HSAA. Higher concentration of milk
calcium salt/sucrose may be needed to fortify
milk for HSAA so as to oppose higher
concentration of ethanol. It is very important to
ensure that food additives (or drugs) do not have
adverse effect on ES.
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Appendix A

Formulation of equation for the determination of th e Gibbs energy of encounter complex
formation E-S complex

From [E] + [S] = [ES] in which the rate constant for forward reaction and backward reaction are k; and
k- respectively,

Km = k_]_/kl (A 1)
kl = k_]_/Km (A2)
k1 (mc) = k—l(mc)/Km (mc) (AS)
K1 (mc = 0)= K-1me = 0) /K (me = 0) (A.4)

By dividing A.3 by A.4 the following was obtained:
k1 (Mc)/K1 (me = 0) = K-1(me) Kim (me = 0)/Km (me) K-1(me = 0) (A-5)
In line with principle enunciated by Engberts and Blandamer [17] and Buurma et al [16],
INK_1(mey/ K-1(mc = 0) = AG-1mc /RT = @21N_1Myc (A.6)
IN Ky (mey /K1 me = 0) = AG () /IRT = @nM ¢ (A.7)
By taking the natural log of Eq (A.5), the Gibbs free energy of interaction in the forward reaction is:
INKim (me = 0) /K (mey + INK-1(mey K- = 0) = AG M /RT — @ (A.8)

Equation (A.8) contains Ink_yme) /K-1ymc = o) defined in Eq (A.6); therefore, substituting it for Eq (A.6)
yields after rearrangement the equation:

InKp, (mc =0) /Km (mc) = (AGmc _AG—lmc)/RT + Mmc(ﬁln—l - ¢n)

= (AAGM. /RT) —=Mm¢¢An (A.9)
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