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Detection of 54-kDa protein overexp essed by' chlo oquine—resistant_
Plasmodium berghei ANKA strain in pyronaridine-resistant P berghei

ANKA strain'’
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AIM: A 354-kDa protein overexpressed by
chlorogquine-resistant { CR
berghei ANKA strain was first reported by
us. This study ts conducted to detect the

Plasmodium

protein in pyronaridine-resistant ( PR P
berghei AWNKA =strain. METHODS: Im-
munoblotting analysis and imrmuncelectron

RESULTS. PR
parasites, like CR parasites, mainly overex-
pressed 2 major bands of 37 (36—38) kDa and
16 {15—17) kDa which were considered to be
2 subunits of 54 (52 — 62) kDa protein.
Three of 7 times of experiments showed a
34-kDa and a 96 (95—100) kDDa bands. The

proteins were localized to be mainly scattered

mnicroscopy were used.

in cytoplasm of trophozoites. schizonts, and
merozoites of erythrocytic stage of P berghei.
Some of them were distributed in cytoplasm of
erythrocytes infected with parasites.
CONCLUSION: Both PR and CR parasites

averexpressed the same proteins.
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The mechanisms of chloroguine resistance
in malaria parasttes are still controversial''-,

Based on our “specific antidrug substanc” hy-
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pothesis~*", we have identified a 54-kDa pro-
tein overexpressed by chloroguine-resistant
{CR) Plasmodium berghet ANKA strain.
Since the protein is probably of chloroquine-
specific binding. it is considered to be the
“specific antidrug substance or protein ™™,
Whether our hypothesis and findings can be
extrapolated to explain other drug resistance
in living organisms, it is necessary to detect
the 54-kDa protein or analogues in other cor-
responding drug-reststant parasites, Pyronari-
dine is a new antimalarial first developed in
China. Animal experiments and clinical trials
proved it to be very efficient in treating CR

') In this study ., a pyronaridine-resis-

malaria
tant P bergher ANKA strain was selected for

the experiments.
MATERIALS AND METHODS

Parasites and mice We obtained drug-sensitive
(DS) Plasmodium berghei ANKA strain from Depart-
ment of Medical Protozoology, London School of Hy-
giene and Tropical Medicine, and pyronaridine resis-
tant (PR » I* berghe: ANKA strain from Institute of
Parasitic Disease, Chinese Academy of Preventive
Medicine. The resistance level of the PR parasites re-
mained about 10-fold when pyronaridine was given
regularly. Chlosoquine-resistant {(CR )} P pergher
ANKA strain received from Laboratory for Antimalar-
tal Drug Research, Second Military Medical Universi-
ty. Kunming-strain 4 mice bred in Animal Center of
Second Military Medical University were used.

Preparation of parasite lysates Erythrocytes in-
fected with PR. CR. and DS parasites were separately
washed thrice with phosphate-buffer saline t PBS,


http://www.cqvip.com

+18 - BIBL1D: 1SSN 0253-9756

Acta Pharmacaologica Sinica

PR GEESE 1995 Jam: 1§ (12

ez

0.0l mol » L7". pH 7. 2), and lysed with ¢. 15 %%
saponin. After 5 washes with PBS, the purified para-
site pellets were added equal volume of PBS, and fol-
lowing resuspension of parasites, SDS-PAGE sample
buffer without bromphencl blue was added. and then
boiled Tor 5 min. After centritugation at 10 000 X g for
10 min. supérnatant protein contents were determined
with ultraviolet absorption method.

SDS-PAGE and immuneblotting The procedures
for SDS-PAGE and electrophoretic transfer of protein
to nitracellulose sheets were simillar to those of com-

“@? Transfered mnitrocellulose

monly-used methods
sheets were processed in PBS. and blocked with
bovine serum albumin (BSA ). Antiserum against 54~
kD= protein®™ was used as first antibody. To visualize
the target bands recognized by antiserum against 54-
kDa protein, immunogold-silver staining (IGSS) was
applied™®,
ntn was used as probe.
Immunoelectron microscopy™
fected with parasites were washed 5 times with phos-
phate buffer (0.1 mol « L™, pH 7. 41. fixed with
0. 25 % glutaral for 10 min, and then added NH,Cl so-
= L7' in phosphate buffec). After

washed with the phosphate buffer. the samples were

Erythrocytes in-

lution €0, 05 mol

dehydrated in gradient ethanol solutions . then embed-
ded in Poly/Bed 812, an embedding agent, and finally
polymerized at €0 ‘C for 24 h. Thin sections were
blocked with 1 % BSA in phosphate buffer (4. 05 mal
« L7 pH 7. 47 containing 0.1 % Tween 20. Anrti-
serum against 54-kDa protein was used as first anti-
bodys and protein A-gold with a diameter of 1¢ nm
used as probe. Following immunolabeling. sections
were washed, stained with uranyl acetate. and exam-
ined with a JEM-100X electron microscope.

RESULTS

Detection of proteins
analysts showed that PR parasites mainly
overexpressed 2 major bands of 37 (36— 38)
kDa and 16 (15—17) kDa (Fig 1). Of 7 times
of experiments, 3 showed a 96 (55— 100} kDa
and a 54 (52—~62} kDa bands. Compartson of
immunoblotting analysis of PR, CR. and DS
parasite lysates verified that both PR and CR
parasites mainly overexpressed 37-kDa and

Immunoblotting
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796 (95— 1003 kDa'

mass/kDe.,
&
TR i

i
w43 5
CH 1
g !
J% ‘.'4 :
FIAECE )
& ]
C ‘::I ,‘i.
v ' 8
17 - )
AR o 16 (51 kD
- -',I:\. .-——*p..-h-h-'-',‘-»'_.g_ TN O

Fig 1. Immun¢blotting analysis of PR and DS para-
site lysates. Loaded ubout 50 pg of protein each. Ar-
rows showing bands recognized by antiserum against
54-kDa protein.

16-kDa bands and that 56 kDa and 54-kDa
bands were occasionally found (Fig 2 a+ b).
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Fig 2. Immunoblotting analysis of PR (a), CR (b)

and DS (c) parasite lysates. Lane d ioaded with PR
parasite lysate which lost mercaptoethancl. esch at
about 538 ug of protein. Arrows showing bands recog-
nized by antiserum agalnst 54-kDa protein.
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After reductant {mercaptoethanol} in the PR
parasite lysate was to be vaporized out, the
mercaptoethanol-lost sample was reused for
immunoblotting analysis which showed that a
54-kDa band appeared instead of 37-kDa band
(Fig 2dy,

Localization of proteins
micrascopy exhibited that the proteins recog-

Immunoceletron

nized by antiserum against 54-kDa protein
were mainly scattered in cytoplasm of tropho-
zoites (Fig 3 A, D, Plate 1), schizoms, and
merozoites (Fig 3 B, Plate 1) at erythrocytic
stage of P berghei ANKA strain. Some of
them were found in cytoplasm of the infected
ervthrocytes (Fig 3 A, Plate 1. Other la-
beled gold particles were seen around nuclei of
parasites {Fig 3 C,D, Plate 1), Rhoptries of
merozoites were alsa labeled with a small
number of gold particles, indicating that at
least some of the protein were released from

the apical pore of merczoites.
DIsCUSSION

In order to prevent decomposition of pro-
teins in process of preparing parasite lysates,
SDS-PAGE sample buffer containing mercap-
toethanol was used to treat purified parasites.
which is somewhat different {rom our previous
method. and of course gives results somewhat
different from our previous report’. The re-
sults showed that PR parasites , like CR para-
sites highly overexpressed 2 major bands of 37
kDa and 16 kDa, but once reported 23-kDa
band* may be a decomposed fragment of 37-
kDa band. A 54-kDa and 96-kDa bands were
occastonally detected in several experiments
only. How to explain the relationship among
all these proteins or peptides recognized by an-
tiserum against 54-kDa protein seems to be a
must in discussing present results. There are
3 reasons for considering 37-kDa and 16-kDa
bands as 2 subunits of 54-kDa protein. First

of all. both 37-kDa and 16-kDa bands could
be recognized by antiserum against the 54-kDa
protein. Secondly. the total molecular weight
of the 2 hands was approximately 54 kDa. Fi-
nally, when reductant in the parasite lysate
was remaved, a 54-kDa band appeared while
37-kDa band disappeared. The result suggest-
ed that 37-kDa and 16-kDa peptides could
prohably combined together by disulfide bond
to form the 54-kDa protein. As for the rela-
tionship between 96-kDa and 54-kDa bands,
we suppose that the 96-kDa protein may be
formed by 2 54-kDa molecules. In another
word . the 96-kDa protein is the real and com-
plete *specific antidrug protein” {SAP) sug-
gested in our previous papers™, while the
54-kDa band may serve as a monomer of the
96-kDa protein. Since disulfide bonds may
take part in the formation of 54-kDa and 96-
kDa peptide or protein, therefore, the 54-kDa
and 96-kDa bands waould occasionally appear if
reductant in sample buffer did not disrupt
disulfide bonds compietely.

1f the above speculation is reasonable,

. there is a compositian similarity between SAP

and IgG antibody. The molecular weight of
IgG is about 150 kDa. The half of an IgG
molecule contains a heavy chain of 53 kDa and
a light chain of 23 kDa. The ratio of 53 kDa to
23 kDa is aboutr 2. 30, and 150 kDu is about 2
times of 76 (534231 kDa. The half of SAP
molecule contains a 37-kDa and a 16-kDa
chains. The ratic.of 37 to 16 is about 2. 31,
and 96 kDa is also about 2 times of 53 (374
16} kDa, This interesting comparison results
implicate that SAP may be a very important
protein in cell's defence system,

The distribution of proteins or peptides
recognized by antiserum against 54 kDa pro-
tein overexpressed by CR parasites was simil-
lar to that found in CR parasites”®. Some of
the proteins or peptides were located around
nuclei of parasites, implicating an association
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between the proteins or peprides and nucleus

functions.
In conclusion. our proposed “specific an-

tidrug substance” hypothesis was based on .

comparison of some features of drug-resistant
malaria parasites and those of acquired immu-
nity in human beings"", which coincides well
with the present results suggesting a possible
composition similarity between SAP and TgG.
Theoretically, acquired drug resistance n
malaria parasites is acrually a kind of cell’s

<heets : prucedure and some appleations.
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foreign harmful substances. Therefore the reL
sults presented in this paper would be very im-
portant not only in revealing mechanisms of
drug resistance in malaria parasites, bur also

in illustrating eveolution of acquired immunity
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in higher living organisms
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