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Abstract: As a survival mechanism, plasmodium parasites rely throughout their life cycle on, the hydrolytic products of their
host’s haemoglobin by the action of cysteine proteases making them good target for drug design. Owing to increasing resistance
to current antimalarial drugs, the search for more promising compounds will require screening for inhibitory activity of
plasmodium proteascs. The goal of this work was (o assess the cffect of various parameters on the activity of crude cysteine.
protease from Plasmodium berghei. Al high parasitacmia (~ 24-29%), parasite isolates were prepared from the blood of infected
mice using saponin (0.1% w/v) and Triton-X 100. The major parameters evaluated included the effect of temperature and
glycerol during enzyme storage as well as protease’s relative residual activities in the presence of various detergents, organic
solvents and netal ions. The activity of the enzyme was retained during storage at -20°C storage condition with glycerol (20%
v/v) used as preservative. The enzyme was inhibited by Cu®', Hg®', Cu®', Fe?” Co®'; but activated by Zn*" and insensitive 10
chloroacetamide and ethylene diaminetetra acetic acid. Acetone and dimethyl sulphoxide had minimal effect on enzyme activity
compared 1o the other organic solvents. Incubation of the enzyme with 20 % (v/v) sodium dodecyl sulfate, Triton-X 100 and
Tween 80 gave 81%, 51% and 34% reduction in enzyme  activily respectively. The relevance of these findings in malarial
research is discussed.
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1.0 Introduction
the use of nets, closing of doors/windows

Malaria, a disease caused by several species against mosquitoes, mosquito repellents and
of obligate intracellular parasitic protozoan of drugs (Emmanuel and Uche, 2008). The
the phylum  Apicomplexa and  genus increasing resistance of malaria parasites to the
Plasmodiwm, has remained an important public mainstay antimalarial drugs is a major
health problem globally. Successes have, contributor to the reemergence of the disease as
however, been recorded in recent years in terms a major public health problem and its spread in
of reduced morbidity and mortality due to the new locations and populations (Rosenthal,
use of artemisinin-based combination therapy. 2002). The re-emergence of malaria is
Despite these developments, the disease is still attributed, largely to the spread of drug-resistant
transmitted to people throughout tropical and parasite strains, insecticide-resistant mosquitoes,
subtropical areas, where 40% of the world’s decay of health-care infrastructure and
population is at risk of infection (WHO, 2010). difficulties in implementing and maintaining
In 2015, there were 212 million new malaria vector control programmes in many developing
cases and 429,000 deaths globally (WHO, countries (Stephanie and Louis, 1999). Because
2017). ol malaria's growing global burden, its control is

Efforts at controlling the disease are targeted essential and it highlights the continued need for
at the various developmental stages of the new antimalarial agents. Thus, there is a great
parasite while the preventive measures involve need for the identification of novel

chemotherapeutic targets and drugs, ideally
*Corresponding Author directed against these new targets.
Tel.: 4234 8051282789 Among the potential targets for the new
E-mail: tbulus@yahoo.com chemotherapeutic agents are  Plasmodium
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proteases. Proteases which catalyze the
hydrolysis of amide bond of proteins (Rawlings
and Barret, 2004), are grouped into
exopeptidases and endopeptidases depending
upon their sites of action and also based upon
functional group at the active site: serine,
threonine, cysteine, aspartic acid, glutamic acid
and metallo-proteases (Rawlings and Barret,
2004). Plasmodium proteases have been shown
to play essential roles during the life cycle of the
parasite. They appear to be required for a
number of important functions in erythrocytic
stage of the parasite including haemoglobin
hydrolysis, erythrocyte rupture, erythrocyte
invasion, and processing of precursors for
synthesis of proteins by the parasite (Rosenthal,
1998, Rosenthal 2001: Klemba and Golberg,
2001). Proteases are thus expected to be
promising targets for antimalarial chemotherapy.
Owing to increasing resistance to current drugs,
the search for more new antimalarial agents is a
never ending enterprise.

Purification and characterization of proteases
and their use for screening of potential anti-
malarial compound(s) sometimes require
storage at low temperature using different
cryoprolectants such as glycerol, treatment
with organic solvents (since most organic
solvents are used in concentrating
protein/enzyme preparation by cold
precipitation), or even interaction with metal
ions which could serve as activators or inhibitors
of enzyme’s activity. Some of these substances
could affect the functionality of proteins and so
there is the need to reevaluate the effect of these
conditions on the activity of soluble proteases.
We report here the effect of glycerol, organic
solvents, metal ions, some protease modulators,
detergents as well as storage temperatures on the
activity of cysteine protease from Plasmodium
berghei.

2.0 Methods
2.1 Methods
2.1.1 Parasite Inoculation
Briefly, eight donor mice with rising

parasitaemia (27-40%) were sacrificed and the
blood collected via cardiac puncture in 3.8%
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(w/v) sodium citrate solution (in PBS. pH 7.2)
and diluted (Iml of blood in 0.2ml of citrate
buffer  solution). The suspension  was
administered to healthy mice intraperitoneally
(0.2ml per mouse) to initiate the infection and 42
mice (mean weight 20 + 2.7g) were infected and
the parasitaemia was monitored thereafter.

2.1.2 Determination of Parasitaemia in Infected
Mice

The parasitaemia in the infected mice was
monitored by microscopic Giemsa-stained thin
blood smear examination as described by Peter
and Anatoli (1998). The number of the
parasitized red blood cells (RBCs) in every 200
RBCs counted was expressed in percentage and
repeated for another field of view and the mean
of the two results taken as the measure of the
infection.

2.1.3 Preparation of P. berghei from Infected
Red cell

When the average rising parasitaemia of the
25 infected mice was between 24-29% =+ 5.2, the
infected mice were sacrificed and the blood
collected in 3.8% (w/v) sodium citrate solution
(in 100mM PBS, pH 7.2). The blood from all the
mice was pooled together and centrifuged[give
model number, manufacturer, city & country] at
2000 rpm for 20 minutes to isolate red blood
cells, after which the plasma and the buffy coat
were removed by aspiration. The red blood cells
were washed four times with ice-cold 0.1M
phosphate buffered saline (PBS) pH 7.2 until a
clear supernatant was obtained. The supernatant
was removed by aspiration and the pellet used
for further treatments.

The washed infected erythrocytes (pellet)
were lysed by incubation with 0.1% (w/v) of
saponin (in PBS, pH 7.2) in the ratio of one part
of red blood cells to three parts of saponin
solution respectively for 60 minutes at 4°C.
After this incubation, the resulting solution
consisted of the 100% lysed erythrocytes and
was'centrifuged maximally at 14,000rpm for
IDmlputes in an Eppendorf mini-spin plus
c?ntrlfuge (Germany). The supernatant was
discarded and the pellet (dark brown) was
washed 3 times in 200mM sodium acetate buffer



pH 5.5 After the washin
suspended in equal voly
(about 10ml) and this
isolate suspension.

gs, the pellet was re-
e of acetate buffer
constituted the parasite

2.1.4 Pr j :
2 g—!h j’jiij?;::f:(Jn of Crude Protease Sfrom P.

Tq release the cnzyme from i}
parasite was subjected to th
and thawing followed by
XIOQ (02% v/v in acetate buffer) and
cet}tnfuged at 14,000 rpm for 5 minutes in a
rctrig;rated centrifuge [GL-16C, LLongway &
Yueping, JiangSU Zhengli, China] maintained
at 4°C. The supernatant was collected as the
crude enzyme suspension.

1e parasile, the
ree cycles of freezing
treatment with Triton-

2.1.5 Protein Quantification

The protein was quantified by the binding
assay method of Bradford (1976) using bovine

serum albumin as standard and Coomassie
brilliant blue as dye.

2.1.6 Assay of Protease Activity

The protease activity was determined as
described previously by Amlabu e a/. (2011). In
a reaction mixture, 100 pl of gelatin was
incubated with 50 nl of the crude enzyme. The
incubation was carried out at 37°C" for 60
minutes after which the reaction was rapidly
stopped by the addition of 500 ul of 40%
trichloroacetic acid and incubated at 4°C for 40
minutes. The precipitated protein was removed
by centrifugation at 14,000 rpm for 10 minutes.
The supernatant was collected and the
absorbance was read at 280nm.

Similarly, a control experiment was carried
out in the same manner, except that the enzyme
was added after the addition of TCA. All
experiments were done in triplicates. One unit of
enzyme activity was defined as the amount of
enzyme required to hydrolyze substrate(s) and
release equivalent to 1.0 pg of tyrosine within |
min reaction at 37°C. The number of units of
activity per ing protein was taken as the specific
activity of the enzyme.
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2.1. 7 Effect of Storage on Protease Activity

To assess the effect of storage temperature on
the activity of protease in P. berghei, two
different temperatures were used (4°C and -
20°C) over a given time intervals ranging from 6
hrs to onc week. Afier 6hr, 20hrs, 24hrs, 72hrs
and 168hrs of enzyme storage at 4°C, the
respective residual activities were determined
according to Amlabu et a/ (2011) with little
modification in substrate (3% gelatin) and
enzyme concentrations (100pl each). The
experiment was done in triplicates.

2.1.8 Effect of Glvcerol on Stability of Protease
during Storage

The stability of the protease in different
concentrations of glycerol was evaluated by
storing the enzyme (suspended in different
concentrations of glycerol) at -4°C for 30 days.
During the course of this storage, the state of the
enzyme in glycerol was monitored. At the 30"
day of storage, the enzyme’s activity was
assayed. The control was treated the same way
except that no glycerol was added and this was
taken as 100%.

2.1.9 Effects of Metal Ions and Inhibitors on the
Activity of Partially Purified Protease

Using the procedure of Abidi er al. (2011),
the effects of inetals and inhibitors on the
protease activity were examined. The partially
purified protease was pre-incubated (at 4°C for 3
hours) with each metal ion at final
concentrations of SmM and 10mM and the
residual protease activity was assayed as usual
with the introduction of the substrate. The
activity in the absence of any additive was taken
as 100%. The experiments were carried out in
duplicates.

2.1.10 Effects of Surfactants and Detergents on
the Activity of Partially Purified Protease

The effects of some surfactants (Triton-X100,
saponin, Tween-20, Tween-80, SDS, detergents)
on protease stability were studied by pre-
incubating the cnzyme with the various
detergents (final concentrations of 10% or 20%)



for 2 hours at 4°C after which the residual
activity was determined as usual at pH 5.5.

2.1.11 Effect of Organic Solvents on Protease
Activity e

This was done according to Abidi et al,
(2011). The proteolytic activity of the protcase
was measured in the presence of 15% and 30%
(v/v) organic solvents. Ethanol, methanol,
acetone, isopropanol and dimethylsulfoxide
(DMSO) were used as the organic solvents in
the reaction mixture. Each experiment was done
in duplicates. The stability was expressed as the
remaining proteolytic aclivity relative to non-
solvent containing control (100%).

2.1.12 Statistical Analysis

Statistical Analysis was carried out at p <
0.05 wusing Statistical Package for Social
Sciences (SPSS) Version 16.

3.0 Results

As shown in Figure 1, the activity at the start
of the experiment was taken as hundred percent
and subsequent experiments were presented
relative to the activity at the start. It can be seen
that the activity of the enzyme stored at -20°C
was fairly constant throughout the period of the
experiment. On the contrary, there was an
observed continuous gradual decline in the
enzyme's activity which resulted in less than
20% residual activity at day seven of the
experiment. The difference in these activities
(between 0™ and 8" hour and between 72™ and
168" hour) is significant (p < 0.05).

The ctfect of glycerol as a preservative in the
storage medium of the protease enzyme as

presented in Table | showed that 20% (v/v) of

glycerol and above is able to keep solution from
freezing at -20"C and total activity of the
enzyme retained. The result also revealed that
the activity of the enzyme is relained at all
concentrations of glycerol in enzyme solution
tested.

The result on Table 2 shows the various
effects of different metal ions on the enzyme
activity. The partially purified enzyme was
stable in the presence of EDTA, Ca™' but shows

75

decrease in activity in the presence of Cu”", and
Fe'' sulfates. . .

The difference between residual activitics
between different concentrations of each organic
solvent is significant (p < 0.05) as presep!ed in
Figure 2. The enzyme shows less_ stability to
methanol amongst other organic solvents
Il‘\tisiltf;tsedof surfactant and c!etergenls on the
prolcase activity are shown in Tabl.e.l The
results show that the enzyme :'ElCtWIty was
substantially reduced by the _lonlc detergent,
SDS and least affected by saponin.

4.0 Discussion

In this study we report the effects of various
treatments on the crude and partially purified
suspension of protease partially  purified
Plasmodium berghei. The enzyme was extraf:ted
following a combination of rounds of freezing-
thawing and treatment with Triton-X 100 on t.he
parasite isolates. Previous preliminary studies
revealed the preference of the enzyme for
Gelatin among other substrates and that 3%
(w/v) of Gelatin when used for 60 minutes were
optimum for the enzyme activity (Amlabu et al,
2011). The report by Amlabu et al. (2011), also
gave the pH and temperature optima of 5.0 and
40°C respectively. On the basis of this report,
the above conditions were adopted for all the
activity assays conducted in this work.

Studies on the effect of protease modulators
on the crude suspension of cysteine protease
revealed that the activity of cysteine protease is
greatly enhanced by cysteine and Dithiothreitol.
This suggests that the majority of the proteolysis
abserved can be attributable to cysteine protease.
Similar observations were reported by Afaf er al.
(2004), that cysteine protease from 7. aestivum,
15 activated by f-mercaptoethanol

N ‘ and
dithiothreitol; similar observation was made

previously by Amlabu e/ af. (2011).

Tlue inhibitory effect of the protease by Cu™*
Hg' and Fe'', except Co?" and Ag®" have also
been reported by Yin er af (2013) on the activity

:)hf ::ysteint_: protease. The later authors reported
@ Cysteine protease was never aff;
3 ] affected b
Co™ and Ag** and their d

o that of Narahara

: el al, .
discrepancy in the obsery (1984). This

ations above can
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Figure 1: Effect of storage temperature on the protease stability

Table 1: Effects using glycerol as cryopreservative during storage of the soluble plasmodium protease

Concentration of glycerol Enzyme state Relative activity
(%) (%)

0 Frozen 100

5 Frozen 88

10 Semi-frozen 112

20 Liquid 100

25 - Liquid 97

40 Liquid 98

50 Liquid 99

Tabie 2: Effect of metal ions and inhibitors on the activity of soluble protease from P. berghei

Agents Relative activity (%)
Concentration
5(mM) 10(mM)

Control 100.0 100.0
HgCl; Epd 68.8
MnC'l, 90.5 89.2
BaCl, ; _ 80.9 75.0
CoCl, 89.0 85.0
ZnCl, 102.0 90.0
CuS0, 85.9 61.0
FeSO, 75.5 = BES
Ca(Ol1) 93.0 91.0
AgCly 81.0 85.0
MgCl, 95.0 81.0
EDTA 95.0 95.0
Chloroacetamide 87.0 100.0
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Figure 2: Effect of organic solvents on the protease activity

Table 3: Effect of surfactant and detergents on the activity of P.berghei protease

Residual activity (%

Detergent
Concentration (%,v/v)
10 20
Tween-80 72 66
Triton-X100 67 49
SDS 37 19®
Saponin 93 88.7
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be accounted for by taking note of the
substrate(s) Ifwolved. Metal ions have been
lrcporlcc_l to affect the enzyme catalysis by direct
interaction between the metal ion and the
enzyme, either at the active site or on any
|Us.‘;.llI(}n at the interaction(s) contained on the
tertiary structure of the enzyme thereby altering
the enzyme-substrate  specilicity  andor
mediating conformational change of the enzyme
(Means and Feeney, 1971; Anders and Rodney,
1991). Indirectly, metal ions also alfect pl‘()[cu;c
catalysis by binding to the substrate and altering,
the kind of interaction and possibly the ionic
state of the peptide substrate which is a critical
factor in enzyme-substrale interaction
(specificity) (Anders and Rodney, 1991). The
reports of Jun er al. (2007) is not at variance
with the result we presented here. The
reversibility studies of the effect of these metal
ions suggest the possible interaction at the active
site. Thus, Regardless of the mechanisms
involved, identification of the metal ion binding
sites may facilitate development ol new types of
protease inhibitors (Anders and Rodney. 1991).
These compounds would be designed to target
the delivery of cation to a site responsible for
inhibition of the protease (Anders and Rodney,
1991).

Effect of organic solvents (ethanol, methanol,
isopropanol. acetone and DMSO) on the activity
and stability of the partially purified protease
showed significant variation among solvents
uscd. The enzyme was shown to be fairly stable
in the presence of lower concentration of alcohol
and’or ketone-containing organic solvents, but at
higher  concentration  (20%) and at room
temperature, there was sipnificant decrease in
activity. Buabu et «al, (2001) reported that
alcohols have some hydrophilic component, but
arc only moderate competitors  lor amide
hydrogen bonds and so they tend 1o disrupt
tertiary structure and leave secondary structural
interactions largely undisturbed. This might be
one of the reasons why methanol has been used
as o denaturant in protein folding studies (Babu
and Doughlas, 2000). Proteins in hydrophobic
solvents are thought to retain their nalive
structure as a result of kinetic trapping, which
results from stronger hydrogen bonding between
the protein atoms and a more rigid structure in
the absence of water (Carla and Dagma, 2001).

78

The structural stability is reportedly duc to the
fact that in hydrophobic walcr-immiscib.lc
solvents, any water that might be present will
tend to stay at the protein surface because of the
hydrophobic and hydrophilic nature of the
protein surface (Miroliaei and Nemat-Gp::gar?I,
2002). Thus the reduction in enzyme activity n
the presence of polar organic solvents might be
as a result of their ability to cause substrate
inhibition and changes in protein conformation
as indicated by kinetic and fluorescence studies
(Miroliaei  and Nemat-Gorgani, 2002).
Dimethylsulfoxide and other polar solvents have
been reported to destabilize the tertiary structure
of proteins (Fink 1974; Henderson ef al., 1975;
Fujita e al., 1982; Kharasch 1983; Baker and
Hubbard. 1984; Ping et al., 1995; Carla and
Dagma, 2001).

The enzyme suspension  was stored
individually in various concentrations of
olycerol at -20°C for 30 days after which the
residual activity was determined and compared.
Statistically, there is no significant difference
between the residual activities (p< 0.05), but
based on physical observation, 20% (v/v)
glycerol and above was sufficient to prevent the
enzyme from being frozen and the activity
retained as well. However, the effect of glycerol
in enzyme storage has been reported to affect the
catalytic efficiency, Ve or Ky but not the
overall activity of the enzyme (Yancey, 2005;
Olsen et al, 2007 and Kulaksiz-Erkmen er al.,
2012). According to report of Levy ef al,
(1966). the response of enzyme to different
osmolytes depends largely on the enzyme
system.

To assess the stability of the enzyme, the
enzyme preparation was stored at 4°C and -20°C
and the residual activity tested at difterent time
interval. The result shows that the enzyme was
fairly stable at 4°C in the first 8 hour after which
there was continuous decrease in activity as the
time progressed while enzyme stored at -20°C
retained 100% activity (Figure 3). The storage
can be improved by inclusion of antimicrobial
agents in the soluble enzyme to exclude some
interference that can result from microbial
contamination and growth. However, the effect
of the antimicrobial agent on the enzyme activity
should also be cvaluated and taken into
consideration.



Various detergents can cause reduction in
enzyme activity. This reduction in activity was
notable in our study with SDS and Triton-X 100
and agrees with the report of Wang (1999) that
SDS and Triton-X 100 which bind to polar and
non-polar groups on proteins cause denaturation.
Therefore, the lost in activity can be due to the
denaturation of the protein. No wonder, lower
concentrations of these surfactants have found
application in the disruption of membrane to
release membrane bound enzyme (Tukmachev ef
al 1979) and conversely higher concentrations
during the denaturing condition of gel
electrophoresis (Andrew o7 af 2014).
Conclusion

This work highlights the applicability of
detergents in extraction and the stability of the
protease enzyme during cryopreservation. It also
suggests that regardless of the mechanisms
involved, identification of the ion binding sites
may facilitate development of new types of
protease inhibitors. These compounds would be
designed to target the delivery of drugs to a site
responsible for inhibition of the protease.
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