Volume 300, number 1, 77-81 FEBS 10853
D 1992 Federation of European Biochemical Socictics 00145793/92/85.00

March 1992
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The transeription of tho Plasmodien fadelparum pone for the MSA2 antigen has boen studiod throughout the purasitc's uscxual growth cyvle, For
this purpose polvA) RNA from dilferent times of the cycle wan tested for the presence of the mRNA encoding MSA2 by in vitro tramlation
and subsequent aaalysis of the translntion products by knmunopiecipitation with an antibody against MSAZ, The results revealed that this mRNA
is prexent in trophozoltes, renches the highest concentration during the transition from the trophozoite into the schizont stage. and persists wmtil
the eyele end, Minute amounts of this mRNA were alvo detected in vings. In addition, the duta confivmed that the primary tramlation product
In ot proteolyticilly processed ut imy Bme of the cyele, '

Humit malavin: Metozoite surthee proteln: Teamstntion {n vitro; Transcription: Pliasneodien ficiuarum

l. INTRODUCTION

The surfuce proteins of Plasmodium falciparum wers
ozoites play a crueinl role during malucial infection
since they participate in the invasion of the erythrocytes
and are cxposed to the host immwune system during
merozoite release and invasion. The merozoite surtace
protein MSA2 is a polymorphic antigen with an ap-
parent relative molecular weight (M,) varying among
ditferent strains: this antigen is being considered for the
development of a malaria vaccine because it is expressed
on the parasite surface and antibodies against it block
the invasion [1-11]. MSA2 has been demonstrated in
trophozoites, schizonts, scgmenters and isolated mer-
ozoites by several techniques: using cither poly- or mo-
noclonal antibodices the protein was detected by immu-
noblotting [1.7] and immunoprecipitation of extracts
from synchronous culturcs [6.9], by immuno-EM [6].
and by 1FA {19). In (he ving stages iow MSA2 levels
could be detected by immunoprecipitation [6] and im-
munoblomm, [9] of extracts from synchronous cultures
using polyclonal antibodics. However. no antigen could
be detected in rings by using single monoclonal antibod-
ics in IFA [1]), immunoblotting of extracts from ring

Abbreviations: (bullers used for immunoprecipitation) T. S0 mM
Tris-Cl (pH 8.0% E, 5 mM EDTA (pH 8.01 N.0.5 M NaCl; Z, 5 mM
Zwittergent 3-12 (Calbiochem-Behring): A, | mg/ml bovine scrum
atbumin: i, mix of protease inhibitors (3% aprotinin (Bayer); antipain,
bestatin and pepstatin A (Sigma). each at 1 gginl; 2 mM phenyl-
methylsulphonyl fluoride (BDH)).
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cultures (7], or immunoprecipitation of proteins pulse
lubelled before the invasion and isolated from ring
stages (1),

The MSA2 gene from scveral strains has been se-
quenced and the comparison of the deduced amino acid
sequences has revealed a good correlation between the
degrees of scrological and structural divergence among
these strains [2,12). On the other hand, tittle is known
about the trunscription of this gene during the asexual
eyele: the presence of MSA2-RNA has only been dem-
onstriated, by Northern analysis, in a mixed population
of trophozoites and schizouts [2).

Scveral observations have demonstrated that P. falci
parum MR NA dirccts, in the reticulocyte cell-free trans-
lation system. the synthesis of the specific P. falciparum
proteins it codes for. Firatly, the trunslation products
are very similar to he parasite proteins made in vivoe
(results obtained by using butle mRMA ‘xo!:’ted Tom
asynchronous cultures 113] and wiRNA soizied from
the tropozoite  or from " the. schizont stage [14]).
Sccondly. the translation products of mRNA from
asynchronous cultures of independent isolates are vir- -
tually identical [t4]. Thirdly, human and monkey im-
mune scra react specifically. with polypepndes synthe-
sized in vitro [13-16). For these reasons, it is plausible
to detect the mRNA enconding a given parasite protein
by in vitro translating the parasite mRNA, and subse-
quently by investigating the presence of the protein
among the translation products with a specific anti-
body. This approach was employed here to study the
transcription of the MSA2 gene in the strain FCBI
during the asexual erythrocytic cycle. The FBC1-MSA2
antigen, detected on the outer merozoite surface by sur-
face-iodination {17,18). is a glycoprotein with an M, of
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46K, recognized by human immune secrum and able to
elicit the production of antibodies that inhibit invasion
of erythroeytes {6].

! AL
Lurasites ot the FCBL stry

Chl rom Colombia {17] were cultured [19]
und synchronized by alternine.applications of the plasmagel [20) and
the sorbitol (1] procedures. - 0

22, tolation of ot RN

A highly synchrobous £, fulviparim calture was employed to isolate
parasite RNA 016, 13,20, 27,32, 37, 42 und 47 halter the merozolie
invusion, Foreach RNA preparation u culture sample wis centrituged
in the presenee of vanidyleribonucleoside complexes (BRL), The pellet
wis restspended in B mi ol guanidinium lysis butter (4 M gunnidinium
isothiveynme, S0 MM TrieCLEH 7.9, 10 mM BDTA, 29% Sarkosyl,
1% Jemuereaptocthinnol) ‘and transierred into n $0anl tube, While
mulntainding the tube in 4 60°C bath, the suspension was nixed with
8 mi-olmelted phenol; pissed 10:thmes theough o syeinge fitted with
an LS mmsdivmeter needle, nilxed with B 'mlol acetate-Tris-EDTA
buiter (100 mM sodium-acetnte (pHE$.2), 10 mM TeinCl (pH 7.4, |
mM EDTA (pH 8,00 and 24 ml of chiorotorsoumyl wleohol (24:1),
and shiken tor 10 min by hand, The tabe was then cooled tn an
eeswater bath amd contrifuged to wepurate the phuses. The RNA was
then vesextracted, onee with equal purts o phenol and chloroform und
twice with chlorolorn, Extructions were carried out by hund. The last
agueons phise wis mined with 2 vols of ethunol and stored wt =70°C,

X, Ivvhistion of polvt )" RN A

Stage-speeitie poly(A) RNA wus isolined trom each preparation of
il RNA by allinity chromatography with alige{dT)-cellutose, For
this purpose the RNA (conserved in ethanol) was pelleted, dried,
dissulved in 500 ui of dicthylpyrocarbonatestreatedd bidistilled H,0,
heated 10 65°C for X win, quickly cooled on ice, mixed with 1 vol of
2 x binding butler (1 x binding buiver is (0.56% SDS, S0 mM Tris-Cl (pH
7,80 500 mM LICH and added to oligo{dTrecllulose (Type 3, Cal-
laborative Reseurch) previously washed with binding buf¥er and kept
in a minimal volume. The suspension was stirred stowly for 2 b,
transterved into a columa, ind the Row-through was collected, heated,
couled and passed through the column three times, The column was
et washed with 10 column-vols of binding butler, tollowed by §
colunm-vols of wash bufler (50 mM Tiis-Cl (pH 7.5), 500 mM LiCh,
The poldA)” RNA was elited with 2- 3 eolumun-vols of 10 M Tris-Cl
tpH 7.5). The ODy,, ubsorbing fractions were pooted, the RNA was
previpitated with ethanol and tesuspended at | ugant in dicthylpyro-
carhioanie-teoted HAO. By this proceduse the atiount of contaminam
TRNA, as judged by ugarose el electrophoresis, was extremely low
{not shown), and 40772 2:61% of the original total RNA was re-
covered a8 poly(A) RNA (calenlated from the QD4 data tor the
cight preparations),

24 I vio sanslarion

The Rabbit Reticutoeyte Lysate Translation System trom New Eae
gland Nuclear was used as indicated by the manuicturer, exeept thut
the assay had 2 Enal volume of 2§ a1, contained 40 uCi of [MShne-
thionine, and was incubated a1 37°C for 120 min. The teanslation mix
vontained 4 ap/ml of poly(A) RNA (in preliminary experiments the
maximem incorpotation rate of radioactivity into TCA-precipitable
material and the highest number of polypeptide bands were obtained
at this concentration (not shown)). To analyse the translation
products, a § ul aliguot of the mix was solubilized in S0 al of sample
builer {23 and heated at 90°C for 16 min. The denatured S-labelled
polypeptides were then separated by sodium dodecyl sultate-polyacry-
laraide gel electrophoresis (SDS-PAGE) in a 5-20% gradicat gel under
reducing conditions, and visualized by ftuorography 171, In a parailel
series of experiments, afler the translation the whole mix (25 ut) was
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subjected to immunoprecipitation (see below), Tn order to visualize the
incorporation direeted by the endogenous RNA of the transtation
system, a background trunstation assay was included, in which 2.
Jaleiparam poly(AY RNA had been omitted.

2.8, Inmwnoprecipitation

The 28l translation mix received soquentinily § gt of 30 mM
Zwinergent 312 (Calblochem:Behting): Y0 2l:0f butter TEL S ph-of -
w Tabbit antiserum rulsed against purificd MSA2 [6). and it was ine
cubated overnight at 0°C, Thereafter, 6021 of a suspension of protein
A-Sephutose CL-4B (Pharmaciy Fine Chemicals) was added (the Pro-
tein A-Sephurose had been previously swollen und washed two times -
in TENZAL washed two.times more in TEZ), and suspended in 1 vol
of TEZI), The mixture was then incubated at 4°C for 3 h with vigorous -
stking. The immunocomples-containing sediment was: washed 3
times, with TENZAI and 3 times more with TENL To release the
precipitated antigens, the sediment was tesuspended in 45 pl of 2 x
sumple builer and heated a1 90°C for 10 min. The radiolabelled poly.
peptides were analysed by SDS-PAGE followed by fuorography (we
above), Negutive controls for the immunoprecipitation using a non-
frutvune vabbit seram wore also tncluded,

3. RESULTS AND DISCUSSION

3.0 In vito translation of stagesspecific mRN As

Previous work has demonstrated that P. falciparum
MRNA is transluted by the rabbit reticulocyte cellsfree
translution system into specific P, falciparn proteins
(see section 1), On the basis of this, stagespecific
MRNAs synthesized throughout the eative 48 h long
crythroeytic cycle were studied here by analysing their
in vitro translation products. For this purpose poly(A)*
RNA was prepared from a highly synchronous parasite
culture at various times after merozoite invasion; at 6,
13 and 20 h (ving stages): at 27, 32 and 37 h (trophozoite
stagesh and at 42 and 47 h (schizont stages). Each
poly(A)® RNA preparation was then translated in the
reticulocyte lysate system, and the synthesized “S-la-
belled polypeptides were separated by SDS-PAGE and
visualized by fluorography. The sharpness of the ob-
tained bunds (see Fig. 1) indicate that the wanstated
RNAs were composed of essentially intact, full length
mature MRNA molecules ana contained iow wevels of
cither RNA transcript molecules wiechanivuily sheared
during the RNA isolation or partially synthesized RNA
chuins (mechanical shearing is reduced during the RNA
isolation by omitting use of the vortex and conducting
extractions by hand. Partially synthesized RNA does
not betong to the intra~cellular pool of poly(A)* RNA
molceules since polyadenylation takes place in vivo
after the RNA synthesis has finished; it is therefore not
expected in a good poly(A)* RNA preparation).

As shown in Fig. 1. in addition to the polypeptides
encoded by the endogenous RNA of the lysate (see
track -), many other polypeptides were synthesized in
the presence of the parasite poly(A)* RNAs. The fol-
lowing observations confirm the P. falciparum- cnd
stage-specificity of these polypeptides. (i) Their synthe-
sis was stimulated only in the presence of parasite RNA.
(ii) A pool of immune sera from individuals living in an
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endemic area recognized a great part of these poly-
peptides (not shown). (iii) The progression of total pro-
tcin synthesis rate depicted in Fig, | cortesponds to that
described for parasite cultures [23,24): it is low in rings
and young trophozoites, increases in the middle and
mature tropozoites, and remuins high until parasite

maturation. (iv) As the s synthesized

pattern of’ protein

~ in vivo is churacteristic for cuch de ntul stage, 80
the pattern of polypoptides synthe n vitro is stage-
specific. (v) Both the lurgest humber of proteins and the

proteins with the highest M, .ure__symliésizéd by mature

parasites in culture [24-26). This is ulso obscrved with
the late poly(A)* RNAs in vitrq (Fig. 1),

3.2, Identification of the. MSA2-mRNA
To study the transcription of the MSA2 gene during
the asexunl cycle, the poly(A)* RNAS isolated ut 13, 20,
32, 37, 42 and 47 h aiter invasion were transluted in
vitro, and the translation products were subjected to
immunoprecipitation  with a  polyclonal antiserum
aised in rabbits ngainst MSA2, As revealed by the
results shown in Fig. 2 (reproduced by an independent
experiment, not shown), the mujor polypeptide preci-
pitated had an M, o 43K. This polypeptide corvesponds
to the nonglycosylnted moiety of MSA2 for the follow-
ing reasons. (i) The antibody used was specifie for
MSAZ2. (ii) As expeeted from the absence of glycosyla-
tion during the in vitro translation, the clectrophoretic
mobility of the polypeptide is slightly increased and the
resulting M, (43K) lower with respect to the glyeo-
sylated MSA2 (46K). (iii) As the natural MSA2 is one
of the major schizont and merozoite proteins (6], so 43K
is aiso among the major polypeptides encoded by late
mRNAs (sce in Fig. | tracks for mRNAs from 37, 42
and 47 h). (iv) The 43K polypeptide must contain some
of those parasite cpitopes that come into contact with
the host immune system during the natural infection
because 43K was precipitated by i pool of human iw-
mune sera, but not by a human non-immune serum
(data not shown). Therefore, the presence of the 43K
band iu Fig. ! (translation preducts) and Gig. 2 (mmu-
noprecipitated translation products) must indicate the
presence of MSA2-mRNA.

3.3. The co-precipitated polypeptides are neither precur-
sors nor processing fragments of 43K

As shown in Fig, 2, the anti-MSA2 serum also preci-
pitated low amounts of other polypeptides. four larger
(159K, 84K, 62K and S0K) and four smaller (39K, 36K
and a 33K doublet) than 43K. The co-precipitation im-
plies that they contain some of the epitopes encoded by
the 43K amino acid sequence (conformational cpitopes
are not involved because Zwittergent was used prior
and during incubation with the antiserum). If any of the
four large polypeptides was a precursor of 43K
(primary translation product or processing inter-
mediate), then it should comprise the coi.plete 43K
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Fig. 1. In vitro translation products of stage-apecific P. fisle(parum -
poly(A)* RNAs. Poly(A)* RNA was isolated from a syrchronizad

parasite culture at various times of the aesual growth cycle and -
translated with @ rabbit reticulocyte tysate, The wranslation prodicis
were analysed by SDS-PAGE followad by fluorography. The numbce
above each track gives the timic of the gele (in hours alter meruzvite
invvion) at which the polytA): RNA was isotaved. R, vings T, tro.
phozoites: S, schizonts. Track =, background tramlation avay in
which no parasite RNA wax added, Molecular weight markens were
wsed o bith el sides but are shown only on the kil On the right b

indicated the position of the 43K polypeptide.

sequence, and henee, all the 43K soquence cpitopes re
cognized by the antiserum. Consequently the antiscrum
would precipitate such a precursor and 43K with similar
cfticiencics. The extent of precipitation of a given poly-
peptide can be estimated by the relationship between the
densitics of the polypeptide hand on the fluorographs
of Fig. | (synthesized material) and Fig. 2 (precipitated
material). By caleulating such a refationship for the 43K
band and for any of the other four karge froiy peptides,
one finds that all four large polypeptides were previ-
pitated to a much lesser extent th 437 theretore they
can not be 43K precursors, On the n b Y i any
of the co-precipitated smaller polypeptides 39K, 36K or
33K (doublet) was a proteolytic derivative of 43K, it
would consist of 91%, 84% or 77% of the 43K sequence. -
respectively. ‘Such a polypeptide would thus conttin ¢-
nough of the 43K sequence cpitopes to assure an efti-
cient immunoprecipitation. On the contrary. the rela-
tionship between the densities for synthesized and im-
munoprecipitated material (fluorographs of Figs. 1 and
2, respectively) indicated that all the smaller poly-
peptides were precipitated with a much lower cfficicncy
than 43K; thus, they must be distinct polypeptides. As
neither precursors nor processed fragments of 43K were
detected, it can be concluded that 43K is. at the same
time, the primary and final translation product of
MSA2 mRNA. ie.. that proteolytic cleavage of this
antigen does not take place during the in vitro transla-
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Fig. 2. Tmmunoprecipitation of in vitro translution products of stage-
spevitle poly(A)* RNAS by o MSA2 specific nntiserum, The poiy(A)
RNAs isolated 13, 20, 32, 37, 42 and 47 h alter invasion, were trans-
tated I vitro and the products subjected to immunoprecipitntion with
a polyclonal rabbit antiserim ralsed agningt puriied MSAZ, The pre.
cipitated -polypeptides were -annlysed by SDS-PAGE followed by
fuorogtaphy. R vings Ts trophozoites; ¥ schizonts, Track ve, negue
tive control, in which the transtation products of the poly(A)Y RNA
o 42 b were subjeeted to immunopreeipltation with 4 nonimmune
rabbit serum, Molecutur welght markees were used on both gel sides
bt are shown only on the left, On the right are indicated the positions
of the polypeptides co-precipitated with J3K,

tion, This conclusion is consistent with reported data
from pulse-chuse experiments showing thut MSA2 trom
strain FCB1 did not change its clectrophoretic mobility
from schizonts 1o merozoites, and MSAZ {rows strain
TY/94 also remained invariable from the 35th hour 10
the end of the cyele {1}

The existence of epitopes common (o 43K and to the
co-precipitated  polypeptides is not surpeising,  sinee
cross-reuctive epitopes are liequent among P jafer-
parum antigens [27--31).

3.4, Time of synrhesis of the MSA2-mRNA during the
asexnal cyele

According to the data shown in Fig. 1. the MSA2-
mRNA transcription begins in young trophozoites
{around the 27th hour), increases during the maturation
of' trophozoites (27-37 h). veaches the highest levels
during the transition from trophozoites to schizonts
{around 42 h), and decreases moderately towards the
end of the cycle (47 h). In addition, a residual, very low
level of this mRNA can be detected in rings from 13 h,
but not in rings from 20 h (see Fig, 2).

3.5, MSA2 protein synthesis and MSA2 gene wanscrip-
tion

It is known that the concentration of the MSA2 pro-

tein increases during the second half ¢” the asexual de-
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velopment (trophozoites, schizonts, segmenters), reach-
ing a maximum around the 42th hour of the ¢yele [1.6}.
Alter the invasion however, the protein is not detected
or is detected a low concentrations in the new ring
stages {see Introduction). This last data indicates that
the molecule is completely or partially lost during inva-
sion: (merozoues shed. .« .portion-of their coat, during. ..
invasion [32]), and thus suggests a role for the protein
in the attachment to the crythrocyte, In the present
work it has been demonstrated that the transcription of -
the MSA2 gence follows a course that coincides with the
course of synthesis of the MSA2 protein. This common
pattern clearly indicates that the expression of MSA2 is
controlled at the transcriptional level. The very low
amount of MSA2-mRNA detected at- 13 h may. result
from tesidual activity of the gene, or from residual
mRNA molecules, synthesized before the invasion, that
enteted the new infected erythrocvte. This low mRNA
level could be partially responsible for the low level of
MSA2 protein detected in vings by others.

The study of the mechanisms regulating the MSA2
gene transcription can help to better understand the
parasite dilferentintion and thus allow one 1o interfere
with the malarial infection, In addition, the discovery
of the clements controlling the transcription may help
to cstablish u system which reproduces the natural mil-
liew for the production of a wecombinant malaria
vaceine,
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