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of 

We report the isolation of cDNA clones for a Plasmodium falciparum genc that encodes the complete amino acid sequence of 
a previously idcntitied exported blood stage antigen. The M, of this antigen protein had bccn determined by sodium dodecylsul- 
phate-polyacrylamidc gel clectrophoresis analysis, by different workers, to be 1130(~1. 12600(I, and 14(10(X). We show, by eDNA 
nucleotide sequence analysis, that this antigen genc encodes a 989 amino acid protein (111 kDa) that contains a potential signal 
peptidc, but not a membrane anchor domain. In the FCR3 strain the scrine content of thc protein was 11 "4. of which 57~;, of the 
serine residues were localized within a 2(11 amino acid scquencc that included 35 consecutive serinc residues. Thc protein also 
contained three possible N-linked glycosylation sites and numerous possible O-linkcd glycosylation sites. The mRNA was abun- 
dant during late trophozoite-schizont parasitc stagcs. We propose to identity this antigen, which had been called p126, by the 
acronym SERA,  serine-repeat antigen, based on its complete structure. The usefulness of the cloned cDNA as a source of a pos- 
sible malaria vaccine is considered in vicw of the previously demonstratcd ability of the antigcn to induce parasite-inhibitory an- 
tibodies and a protective immune response in Saimiri monkeys. 

Kev words: Plasmodium ]alciparum; eDNA sequence: SERA gene: Exported antigen; Malaria vaccine 

Introduction 

A malaria vaccine composed of the antigens 
produced by clonable genes that are exprcssed 
during the Plasrnodium falciparum asexual eryth- 
rocytic stages has been sought. A major mero- 
zoite surface protein (p195 or PMMSA [1]), par- 
asite proteins that are either inserted into or 
associated with the infected RBC plasma mem- 
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brane, and parasite proteins exported into the ex- 
traerythrocytic environment, have been consid- 
ered as possible vaccine antigens [1]. 

We previously identified a P. falciparum blood 
stage antigen that induced a parasite-inhibitory 
mouse monoclonal antibody (mMAb 43E5) [2]. 
That mMAb, 43E5, recognized a parasite antigen 
that had a M r of 30000 to 40000 which was pres- 
ent in trophozoites and schizonts, but not in mer- 
ozoites, It was subsequently utilized to screen 
blood-stage parasite cDNA expression libraries 
and to isolate a cDNA clone, cDNA#366, which 
was sequenced [3]. Its sequence was highly ho- 
mologous [3] to the sequence of a genomic DNA 
clone for a gene that was called p126 [4]. The p126 
gene encoded a protein that was synthesized in 
trophozoites and schizonts, accumulated in the 
parasitophorous vacuole and was released into the 
culture medium at or near the time of merozoite 
release [5]. The p126 protein underwent process- 
ing into several smaller polypeptides with M r of 
50000, 47000 and 18000 [5,6]. The M r 50000 
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polypeptide was shown to be produced in 10 dif- 
ferent geographic isolates of P. falciparum [7]. 
While thc size of the M r 50000 polypeptide ap- 
peared to be conserved, the precursor protein ex- 
amined in the different isolates varied slightly in 
M~ between 126000 and 128000 [7]. Based on 
those results it was postulated that the p126 gene 
precursor protcin would have a stable rcgion and 
a variable region. The subsequent sequence com- 
parison of the eDNA#366 clone isolatcd from the 
FCR3 strain [3] with the p126 gcnomic DNA 
clonc isolated from the Camp strain [4] revcaled 
a deletion of 14 serinc residucs in a polyscrine rc- 
peat of the genc of the Camp strain and other 
changes in the region adjacent to the polyserinc 
repeat. That polyserine region of the protein 
could corrcspond to the proposed variable region 
[31. 

We now present the results of our cloning and 
sequencing of overlapping cDNA clones that en- 
coded the complete genetic information of the 
genc that was partially encoded by the eDNA#366 
clone [3]. We also show that that mRNA whose 
eDNA was previously shown to be highly repre- 
sented in late trophozoite-schizont stage eDNA 
libraries [3] is abundant in the late trophozoite- 
schizont stages. 

Antigens with widely differing M~ (113000 [8], 
126000 [5,6], and 140000 [9]) have bccn reported 
to bc immunologically related to the p126 antigen 
[8,11)]. Thev have bccn shown to induce parasitc- 
inhibitory antibody [2,5,8,9], or to induce a pro- 
tective immune rcsponsc in Saimiri monkeys [9]. 
In this paper we will refer to the gene identified 
by the cDNA clone cDNA#366 [3] and the p126 
clonc ]4] by the acronym SERA, serine-repeat 
antigen, for two reasons. The complete amino 
acid sequence of this antigen with a remarkable 
polyserine repeat structure is now known, and the 
variability of its M~ derived from sodium dodecyl 
sulphate-polyacrylamide gel electrophoresis (SDS- 
PAGE) analysis suggested the M~ provides a poor 
basis for defining the antigen. 

Material and Methods 

Parasite culture and parasitic nucleic acids'. P. fal- 
ciparum strains FCR3 and Honduras-I were 
grown in vitro as described previously [11,12] as 

a source of RNA and DNA. Parasite RNA and 
DNA were isolated as previously described [3]. 
Both poly(A) and poly(A) ~ RNA was purified 
from late trophozoite-schizont stage parasites [3]. 

cDNA clones, plasmids, and Southern hybridiza- 
tions, eDNA synthesis, cDNA library construc- 
tions and the in situ hybridization and the screen- 
ing of cDNA libraries were previously described 
[3]. Subcloning of cDNA inserts into plasmid 
pUCI9 [13] and plasmid purification methods 
were previously described [14]. Restriction en- 
zyme digestions and Southern hybridizations were 
described [3,15]. DNA sequencing was per- 
formed as previously described [13] using the 
dideoxynucleotide technology [16]. Briefly, DNA 
fragments were purified [17], self-ligated, and 
sonicated [18]. 0.3-0.7 kb fragments were puri- 
fied and the DNA ends were enzymatically re- 
paired (blunted) and cloned into the Sinai site of 
Ml3mp8. DNA sequences were reconstructed 
using the DNA Inspector II programs [19]. The 
BIONET computer resource for molecular biol- 
ogy (lntelliGenetics, Palo Alto, CA) was also uti- 
lized to manipulate and to compare DNA and 
amino acid sequences. 

Mung bean nuclease genornic DNA libraries. 
Mung bean nuclease (MBN) digestion of FCR3 
parasite DNA was donc as previously described 
[20]. DNA fragment sizes of 0.75-3.0 kb and 
3.0-10 kb were collected from a 1.0% agarose gel 
and purifed [17]. The libraries were constructed 
in the h phage vector hgt l l  [21]. using standard 
procedures [22]. 

Northern blots. Parasite RNA was electro- 
phoresed on formaldehyde-agarose gels [23]. 
RNA was electrophoretically transferred to Ze- 
tabind membranes (CUNO Inc.), and was sub- 
sequently hybridized with radioactively oligo-la- 
beled [24] cDNA#366 (specific activity of DNA 
= l x 10 '~ cpm ~g-l).  

Results 

Isolation of SERA cDNA clones and a genomic 
DNA clone. A eDNA clone, cDNA#366, was 
previously isolated that encoded a portion of the 



SERA gene including the polyserine repeat se- 
quence [3]. That  clone was isolated by the 
screening of a cDNA expression gene bank with 
a parasite-inhibitory monoclonal antibody, mMAb 
43E5 [2]. cDNA#366  represented an internal or 
5' cDNA segment of the SERA gene and con- 
tained 1072 bp [3]. eDNA#366  DNA was used as 
a probe to select additional eDNA clones from a 
cDNA library by DNA hybridization. Five addi- 
tional eDNA clones that hybridized with radio- 
actively labeled eDNA#366  DNA were isolated, 
purified, and analyzed. Each of those five cDNA 
clones contained a single EcoRl fragment insert 
(data not shown). The largest clone, cDNA#3102, 
contained a 1.8 kb EcoRI insert. The cDNA#3102 
DNA sequence (shown later) did not contain a 
poly(A) sequence. The DNA sequences of 
cDNA#366  and cDNA#3102 had a 971 bp over- 
lap and together they encoded a 629 amino acid 
sequence of the SERA gene (see Table I). We 
were unable to obtain the 3' eDNA sequences for 
the SERA gene using eDNA#366  as a probe. 

In order  to obtain the 3' cDNA sequences we 
constructed and screened a MBN genomic DNA 
library to identify, both the 3' eDNA and 5' cDNA 
containing clones of the SERA gene because 
MBN was previously shown to cleave near, but 
outside of, P. falciparum coding regions [20]. Ra- 
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dioactively labeled cDNA#3102 was used to 
screen the genomic MBN libraries (0.75-3.0 kb; 
and 3.1)-10 kb size fractions). 100000 phage from 
each library were screened and one clone, 
MBN#3102,  from the 0.75 to 3.0 kb MBN li- 
brary, hybridized with cDNA#3102.  The 
MBN#3102 clone contained two EcoRl frag- 
ments, of 1.0 and 1.4 kb. The 1.0 kb EcoRI frag- 
ment strongly hybridized with eDNA#3102 se- 
quences. The 1.4 kb EcoRI fragment hybridized 
very weakly with eDNA#3102 sequences under 
low but not high stringency washing conditions 
(data not shown). We used two approaches to 
determine if the 1.4 kb EcoRI fragment of 
MBN#3102 contained 3' coding sequences of the 
SERA gene or represented a random double lig- 
ation event. The eDNA libraries were screened 
by hvbridization with either the 1.0 or the 1.4 kb 
EcoRl fragment of MBN#3102. We reasoned that 
if both of these fragments were adjacent on chro- 
mosomal DNA and represented SERA gene se- 
quences, then many cDNA clones should strongly 
hybridize with both of them. In cDNA libraries 
constructed from both the 0.5-2.0 kb and the 
2.0-5.0 kb cDNA fragments, many of the cDNA 
clones strongly hybridized with both the 1.0 and 
1.4 kb EcoRI fragments (data not shown). In the 
second approach we analyzed the hybridization 

T A B L E  I 

Resolution of base-pair differences between S E R A  eDNA clones 

eDNA clone Location" bp difference Resolution 

e D N A # 4  1 - 1571 None 
e D N A # 3 6 6  ~' 126 - 1183 bp 233; G to A 

bp 1169: G to A 

bp 1175; G to A 

bp 1181); T to A 

e D N A # 6  168 - 31)58 bp 1738; deleted 
bp 2 2 2 : T t o G  

bp 228; A t o g  

eDNA#3102  212 - 2014 None 
e D N A # 7  2009 - 3107 None 

G was present in c D N A # 4 ,  e D N A # 6 ,  and 
cDNA#3102 
G was present in e D N A # 4 ,  e D N A # 6 ,  and 
eDNA#3102  
G was present in e D N A # 4 ,  e D N A # 6 ,  and 
eDNA#3102 

T was present in e D N A # 4 ,  e D N A # 6 ,  and 
eDNA#3102 
A was present in eDNA#3102  
T was present in e D N A # 4 ,  eDNA#366 ,  and 
eDNA#3102 
A was present in e D N A # 4 ,  eDNA#366 ,  and 
eDNA#3102  

;' bp location numbers are from Fig. 3. 
t, e D N A # 3 6 6  sequence is from teE. 3. 
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pattern of  both the 1.0 and 1.4 kb Ecot~I frag- 
ments  in Southern  blott ing exper iments  (see be- 
low). 

In Southern  blott ing exper iments  of  parasite 
genomic D N A  we observed  that the 1.0 and 1.4 
kb EcoRI f ragments  of  M B N # 3 1 0 2  hybridized to 
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Fig. 1. Southern hybridization of the 1.(J and 1.4 kb EcoRI 
fragments of MBN#3102 with FCR3 and t]onduras-1 genomic 
DNA. Southcrn blot of FCR3 (lanes a-h) or llonduras-1 (lanes 
i-p) restriction enzyme digested DNA hybridized with the 1.4 
kb EcoR! fragment (panels A and C), or the 1.0 kb EcoRI 
fragment of MBN#3102 (panel B). Enzymes were EcoRl 
(lanes a and i), Hindlll (lanes b and j), Bglll (lanes c and k), 
Kpnl (lanes d and I), EcoRliHindlll (lanes c and m), 
E('oRl,'Bglll (lanes f and n), EcoRl/Kpnl (lanes g and o), 
EcoRl/Xbal (lanes h and p). The tinal condition for washing 
the Southern blots shown in panels A and B was for 1 h in 
0.1q~ SDS and 1 × standard saline citrate [22] at 55~C. The 
Southern blot shown in panel C is identical to the panel A blot, 
but it was washed again at 65~C for 1 h more under the above 

condition. 

the same major  bands in BgllI, Hindlll, and Kpnl 
digests of chromosomal D N A  (Fig. la and b). We 
therefore  concluded that the two fragments  were 
adjacent  on the ch romosomal  D N A  and did not 
represent  a double-l igation event  of  random 
EcoRl fragments.  Bands that showed minor  hy- 
bridization with ei ther  EcoRl f ragment  (Fig. la 
and b) were removed  by raising the washing tem- 
perature ,  and therefore  the stringency, by 10°C 
for both the 1.4 kb EcoRl fragment (Fig. lc), and 
the 1.0 kb EcoRI fragment (data not shown). The 
major  hybridizing species of  genomic  D N A  frag- 
ments,  as well as the multiple minor  hybridizing 
species, that hybridized with the 1.0 and 1.4 kb 
EcoRl fragments  of  M B N # 3 1 0 2  at reduced strin- 
gency were conserved between the two geo- 
graphically isolated parasite strains FCR3 and 
Honduras-1 (Fig. la and b). A Southern  blot of 
gcnomic  D N A  hybridized with c D N A # 3 1 0 2  
yielded results that were identical (data not 
shown) to the 1.0 kb EcoRl f ragment  of  
M B N # 3 1 0 2  D N A  (Fig. lb). A prel iminary re- 
striction map for FCR3 and Honduras-1 D N A  was 
constructed from hybridizat ion data  in Fig. 1 and 
is shown (Fig. 2a and b). The minor  hybridizing 
bands of Fig. l a and b were not considered in that 
map ' s  construction.  

Nucleotide sequence of  the eDNA clones and the 
amino acid sequence of  the SERA gene. We had 
identified additional c D N A  clones that hybrid- 
ized with MBN#3102 D N A  sequences. 16 of  those 
c D N A  clones were selected, plaque purified, and 
their inserts subcloned into p U C I 9 .  Their  insert 
sizes were de termined  by EcoRI digestion and 
Southern hybridizat ion with the 1.0 and 1.4 kb 
EcoRI fragments  of  MBN#3102 .  c D N A  frag- 
ments  that hybridized with the 1.4 kb EcoRI 
fragment  of  M B N # 3 1 0 2  (the 3' probe)  were all 
approximately 1.0-1.1 kb in size (data not shown). 
We presumed that this indicated the distance from 
the unique EcoRI site in the S E R A  gene to the 
3' end of  the m R N A  was about  1.0-1.1 kb. Be- 
cause we were unsure of  whether  our  c D N A  
clones for the 5'  part of  the S E R A  gene would be 
full length c D N A ,  we selected several 5 '  c D N A  
clones for D N A  sequence analysis. The  locations 
of  some of  those c D N A  clones (Fig. 2c) and the 
M B N # 3 1 0 2  clone (Fig. 2d) are shown. The align- 
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Fig. 2. The restriction map, cDNA,  and genomic DNA clones for the SERA gene. (a) Restriction sites shown are B, Bg[ll; E, 
EcoRl" H, Hind]I]: K. Kpni; P, Pstl; X, Xbai. (b) Enlarged restriction map encompassing the SERA gene. (c) l.oeations of the 
eDNA clones used in this stud,,:. (d) Location of the genomie DNA clone MBN#3102. (c) Location of the long open reading frame 

coding for the SERA protein. 

ment of the cDNA clones with the genomic re- 
striction map (Fig. 2c) was based on the presence 
or absence of the unique KpnI, PstI, and EcoRl 
sites in the eDNA clones, and upon the aligned 
DNA sequences of the eDNA clones (scc be- 
low). We determined the DNA sequence for the 
following eDNA clones: e D N A # 4 ,  e D N A # 6 ,  
c D N A # 7 ,  and cDNA#3102.  The DNA sequence 
of eDNA#366  was previously reported [3]. The 
aggregate cDNA sequence derived from all of 
those clones is shown (Fig. 3). The complete 
DNA sequence for both DNA strands was deter- 
mined for each cDNA clone. Minor differences 
from the consensus eDNA sequence were found 
in some eDNA clones and are summarized in Ta- 
ble I. There were 7 bp discrepancies between the 
total 8427 bp determined for the eDNA clones, 
and we assigned a bp at these locations (Table I). 
Three of the base differences were located at the 
3' end of cDNA#366  and were caused during the 
second strand synthesis in eDNA construction due 
to the annealing of an oligo-dT molecule at this 
site (Table I). c D N A # 6  had a 1 bp deletion (bp 
1738), probably generated during either eDNA 
synthesis or the cloning process. The remaining 
three base changes were clustered at bp 222,228, 
and 233 and may represent mRNA polymorph- 

ism based on those changes being located in the 
degenerate octamer repeat of the SERA gene [3]. 
The presence of the unique EcoRI site (bp 
2009-2014) in the gene was confirmed by se- 
quencing across that EcoRI site in the phage 
DNA for both cDNA#6 and MBN#3102 (data not 
shown). 

A long open reading frame began with the 
ATG at bp 104 and ended at the TA A  at bp 3071 
(Fig. 2e and Fig. 3). That reading frame, which 
encoded the SERA gene, contained 989 amino 
acids with a predicted molecular mass of 111 kDa. 
The SERA gene amino acid sequence contained 
a potential signal peptide (amino acids 1-16), but 
not a membrane anchor domain. The absence of 
a membrane anchor domain was not unexpected 
as the antigen was reported to be an exported 
protein that accumulated in the parasitophorous 
vacuole [5,6]. The protein which is highly acidic 
has an expected net charge of -35 .  Serine resi- 
dues account for 11% of the amino acids in the 
protein, and 57% of thosc serine residues (62 of 
108) were localized within a 201 amino acid se- 
quence (residues 26 to 227) that included 35 con- 
sccutive scrine residues. 40% of the amino acid 
residues in that serine rich segment were either 
serine or threonine (serine = 30%; threonine = 
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AAAATACATATATTATAACATAAAGAAAAATTAAATAAATCAAACATATTCAAAAAAATTAAAGTTCTTAAAATAT 76 

TATATAACTT~TACTCATATATCAAAATGAAGTCATATATTTCCTTGTTTTTCATATTGTGTGTTATATTTAAC 151 
MetLysSerTvrIleSerLeuPhePheIleLeuCysValIlePheAsn 16 

AAAAATGTTATAAAATGTACAGGAGAAAGTCAAACAGGTAATACAGGAGGAGGTCAAGCAGGTAATACAGTAGGA 226 
LysAsnValIleLysCysThrGlyGluSerGlnThrGlyAsnThrGlyGlyGlyGlnAlaGlyAsnThrValGly 41 

GATCAAGCAGGTAGTACAGGAGGAAGTCCACAAGGTAGTACGGGAGCAAGTCAACCCGGAAGTTCCGAACCAAGC 301 
AspGlnAlaG!ySerThrG1yGlySerProGlnGlySerThrGlyAlaSerGlnProGlySerSerGluProSer 66 

AATCCTGTAAGTTCCGGACATTCTGTAAGTACTGTATCAGTATCACAAACTTCAACTTCTTCAGAAAAACAGGAT 376 
AsnProValSerSerGlyHisSerValSerThrValSerValSerGlnThrSerThrSerSerGluLysGlnAsp 91 

ACAATTCAAGTAAAATCAGCTTTATTAAAAGATTATATGGGTTTAAAAGTTACTGGTCCATGTAACGAAAATTTC 451 
ThrIleGlnValLysSerAlaLeuLeuLysAspTyrMetGlyLeuLysValThrGlyProCysAsnGluAsnPhe 116 

ATAATGTTCTTAGTTCCTCATATATATATTGATGTTGATACAGAAGATACTAATATCGAATTAAGAACAACATTG 526 
IleMetPheLeuValProHisIleTyrIleAspValAspThrGluAspThrAsnIleGluLeuArgThrThrLeu 141 

AAAGAAACAAATAATGCAATATCATTTGAATCAAACAGTGGTTCATTAGAAAAAAAAAAATATGTAAAACTACCA 601 
LysGluThrAsnAsnAlaIleSerPheGluSerAsnSerGlySerLeuGluLysLysLysTyrValLysLeuPro 166 

TCAAATGGTACAACTGGTGAACAAGGTTCAAGTACGGGAACAGTTAGAGGAGATACAGAACCAATTTCAGA~PCA 676 
SerAsnGlyTh~ThrGlyGluGlnGlySerSerThrGlyThrValArgGlyAspThrGluProfleSerAspSer 191 

AGCTCAAGTTCAAGTTCAAGTTCTAGTTCAAGTTCAAGTTCAAGTTCTAGTTCAAGTTCAAGTTCAAGTTCAAGT 751 
SerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSerSer 216 

TCTAGTTCAAGTTCTAGTTCAAGTTCAGAAAGTCTTCCTGCTAATGGACCTGATTCCCCTACTGTTAAACCGCCA 826 
SerSerSerSerSerSerSerSerSerGluSerLeuProAlaAsnGlyProAspSerProThrValLysProPro 241 

AGAAATTTACAAAATATATGTGAAACTGGAAAAAACTTCAAGTTGGTAGTATATATTAAGGAGAATACATTAATA 901 
ArgAsnLeuGlnAsnIleCysGluThrGlyLysAsnPheLysLeuValValTyrIleLysGluAsnThrLeuIle 266 

ATTAAATGGAAAGTATACGGAGAAACAAAAGATACTACTGAAAATAACAAAGTTGATGTAAGAAAGTATTTGATA 976 
IleLysTrpLysValTyrGlyGluThrLysAspThrThrGluAsnAsnLysValAspValArgLysTyrLeuIle 291 

AATGAAAAGGAAACCCCATTTACTAGTATACTAATACATGCGTATAAAGAACATAATGGAACAAACTTAATAGAA 1051 
AsnGluLysGluThrProPheThrSerIleLeuIleHisAlaTyrLysGluHisAsnGlyThrAsnLeuIleGlu 316 

AGTAAAAACTACGCATTAGGATCAGACATTCCAGAAAAATGTGATACCTTAGCTTCCAATTGCTTTTTAAGTGGT 1126 
SerLysAsnTyrAlaLeuGlySerAspIleProGluLysCysAspThrLeuAlaSerAsnCysPheLeuSerGly 341 

AATTTTAACATTGAAAATGCTTTCAATGTGCTCTTTTAGTAGAAAAAGAAAATAAAAATGACGTATGTTACAAA 1201 
AsnPheAsnIleGluLysCysPheGlnCysAlaLeuLeuValGluLysGluAsnLysAsnAspValCysTyrLys 366 

TACCTATCTGAAGATATTGTAAGTAACTTCAAAGAAATAAAAGCTGAGACAGAAGATGATGATGAAGATGATTAT 1276 
TyrLeuSerGluAspIleValSerAsnPheLysGluIleLysAlaGluThrGluAspAspAspGluAspAspTyr 391 

ACTGAATATAAATTAACAGAATCTATTGATAATATATTAGTAAAAATGTTTAAAACAAATGAAAATAATGATAAA 1351 
ThrGluTyrLysLeuThrGluSerIleAspAsnIleLeuValLysMetPheLysThrAsnGluAsnAsnAspLys 416 

TCAGAATTAATAAAATTAGAAGAAGTAGATGATAGTTTGAAATTAGAATTAATGAATTACTGTAGTTTACTTAAA 1426 
SerGluLeuIleLysLeuGluGluValAspAspSerLeuLysLeuGluLeuMetAsnTyrCysSerLeuLeuLys 441 

GACGTAGATACAACAGGTACCTTAGATAATTATGGGATGGGAAATGAAATGGATATATTTAATAACTTAAAGAGA 1501 
AspValAspThrThrGlyThrLeuAspAsnTyrGlyMetGlyAsnGluMetAspIlePheAsnAsnLeuLysArg 466 

TTATTAATTTATCATTCAGAAGAAAATATTAATACTTTAAAAAATAAATTCCGTAATGCAGCTGTATGTCTTAAA 1576 
LeuLeuIleTyrHisSerGluGluAsnileAsnThrLeuLysAsnLysPheArgAsnAlaAlaValCysLeuLys 491 
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AATGTTGATGATTGGATTGTAAATAAGAGAGGTTTAGTATTACCTGAATTAAATTATGATTTAGAATATTTCAAT 1651 
AsnValAspAspTrpIleValAsnLysArgGlyLeuValLeuProGluLeuAsnTyrAspLeuGluTyrPheAsn 516 

GAACATTTATATAATGATAAAAATTCTCCAGAAGATAAAGATAATAAAGGAAAAGGTGTCGTACATGTTGATACA 1726 
GluHisLeuTyrAsnAspLysAsnSerProGluAspLysAspAsnLysGlyLysGlyValValHisValAspThr 541 

ACTTTAGAAAAAGAAGATACTTTATCATATGATAACTCAGATAATATGTTTTGTAATAAAGAATATTGTAACAGA 1801 
ThrLeuGluLysGluAspThrLeuSerTyrAspAsnSerAspAsnMetPheCysAsnLysGluTyrCysAsnArg 566 

TTAAAAGATGAAAATAATTGTATATCTAATCTTCAAGTTGAAGATCAAGGTAATTGTGATACTTCATGGATTTTT 1876 
LeuLysAspGluAsnAsnCysIleSerAsnLeuGlnValGluAspGlnGlyAsnCysAspThrSerTrpIlePhe 591 

GCTTCAAAATATCATTTAGAAACTATTAGATGTATGAAAGGATATGAACCTACCAAAATTTCTGCTCTTTATGTA 1951 
AlaSerLysTyrHisLeuGluThrIleArgCysMetLysGlyTyrGluProTHrLysIleSerAlaLeuTyrVal 616 

GCTAATTGTTATAAAGGTGAACATAAAGATAGATGTGATGAAGGTTCTAGTCCAATGGAATTCTTACAAATTATT 2026 
AlaAsnCysTyrLysGlyGluHisLysAspArgCysAspGluGlySerSerProMetGluPheLeuGlnIleIle 641 

GAAGATTATGGATTCTTACCAGCAGAATCAAATTATCCATATAACTATGTGAAAGTTGGAGAACAATGTCCAAAG 2101 
GluAspTyrGlyPheLeuProAlaGluSerAsnTyrProTyrAsnTyrValLysValGlyGluGlnCysProLys 666 

GTAGAAGATCACTGGATGAATCTATGGGATAATGGAAAAATCTTACATAACAAAAATGAACCTAATAGTTTAGAT 2176 
ValGluAspHisTrpMetAsnLeuTrpAspAsnGlyLysIleLeuHisAsnLysAsnGluProAsnSerLeuAsp 691 

GGTAAGGGATATACTGCATATGAAAGTGAAAGATTTCATGATAATATGGATGCATTTGTTAAAATTATTAAAACT 2251 
GlyLysGlyTyrThrAlaTyrGluSerGluArgPheHisAspAsnMetAspAlaPheValLysIleIleLysThr 716 

GAAGTAATGAATAAAGGTTCAGTTATTGCATATATTAAAGCTGAAAATGTTATGGGATATGAATTTAGTGGAAAG 2326 
GluValMetAsnLysGlySerValIleAlaTyrIleLysAlaGluAsnValMetGlyTyrGluPheSerGlyLys 741 

AAAGTACAGAACTTATGTGGTGATGATACAGCTGATCATGCAGTTAATATTGTTGGTTATGGTAATTATGTGAAT 2401 
LysValGlnAsnLeuCysGlyAspAspThrAlaAspHisAlaValAsnIleValGlyTyrGlyAsnTyrValAsn 766 

AGCGAAGGAGAAAAAAAATCCTATTGGATTGTAAGAAACAGTTGGGGTCCATATTGGGGAGATGAAGGTTATTTT 2476 
SerGluGlyGluLysLysSerTyrTrpIleValArgAsnSerTrpGlyProTyrTrpGlyAspGluGlyTyrPhe 791 

AAAGTAGATATGTATGGACCAACTCATTGTCATTTTAACTTTATTCACAGTGTTGTTATATTCAATGTTGATTTA 2551 
LysValAspMetTyrGlyProThrHisCysHisPheAsnPheIleHisSerValValIlePheAsnValAspLeu 816 

CCTATGAATAATAAAACAACTAAAAAAGAATCAAAAATATATGATTATTATTTAAAGGCCTCTCCAGAATTTTAT 2626 
ProMetAsnAsnLysThrThrLysLysGluSerLysIleTyrAspTyrTyrLeuLysAlaSerProGluPheTyr 841 

CATAACCTTTACTTTAAGAATTTTAATGTTGGTAAGAAAAATTTATTCTCTGAAAAGGAAGATAATGAAAACAAC 2701 
HisAsnLeuTyrPheLysAsnPheAsnValGlyLysLysAsnLeuPheSerGluLysGluAspAsnGluAsnAsn 866 

AAAAAATTAGGTAACAACTATATTATATTCGGTCAAGATACGGCAGGATCAGGACAAAGTGGAAAGGAAAGCAAT 2776 
LysLysLeuGlyAsnAsnTyrIleIlePheGlyGlnAspThrAlaGlySerGlyGlnSerGlyLysGluSerAsn 891 

ACTGCATTAGAATCTGCAGGAACTTCAAATGAAGTCTCAGAACGTGTTCATGTTTATCACATATTAAAACATATA 2851 
ThrAlaLeuGluSerAlaGlyThrSerAsnGluValSerGluArgVa]HisValTyrHisIleLeuLysHisile 916 

AAGGATGGCAAAATAAGAATGGGTATGCGTAAATATATAGATACACAAGATGTAAATAAGAAACATTCTTGTACA 2926 
LysAspGlyLysIleArgMetGlyMetArgLysTyrIleAspThrGlnAspValAsnLysLysHisSerCysThr 941 

AGATCCTATGCATTTAATCCAGAGAATTATGAAAAATGTGTAAATTTATGTAATGTGAACTGGAAAACATGCGAG 3001 
ArgSerTyrAlaPheAsnProGluAsnTyrGluLysCysValAsnLeuCysAsnValAsnTrpLysThrCysGlu 966 

GAAAAAACATCACCAGGACTTTGTTTATCCAAATTGGATACAAATAACGAATGTTATTTCTGTTATGTATAAAAT 3076 
GluLysThrSerProGlyLeuCysLeuSerLysLeuAspThrAsnAsnGluCysTyrPheCysTyrVal*** 989 

A A T A T A A ~  3107 

Fig. 3. The e D N A  sequcncc encoding the S E R A protein. The nuclcotide sequence begins in the non-translated leadcr sequence 
for the S E R A  gene m R N A .  The first amino acid residue, Met. is specified by nucleotide number  104--106. The 989 amino acid 
sequence of the S E R A  protein is shown below the nucleotide sequence.  The potential signal sequence and the three possible N- 
linked glycosylation sites of  the S E R A protein are underlined. The last codon, T A A ,  nucleotides 3071-3073 is marked ** ' .  Nu- 
cleotides and amino acids are numbered  in the right column. Nucleotide locations for each eDNA clone are summarized in 

Table I. 
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10%). The coding portion of the SERA gone 
conformed to the known properties of P. falci- 
parum coding regions [25] in that the coding re- 
gion had a relatively low A + T content (71%), 
a high A to T ratio (1.4), a comparable  S-value, 
and an increasing A + T content for the three 
coding positions (62%, 66%, 86%). 

Expression of the SERA gene in the parasite. We 
previously reported that the m R N A  for the SERA 
gene was probably abundant  during late tropho- 
zoite-schizont stages because a large fraction 
(1.5cA) of c D N A  clones in that eDNA library hy- 
bridized with e D N A # 3 6 6  [3]. Total RNA was iso- 
lated from late trophozoite-schizont stage para- 
sites and was purified into poly(A) and poly(A)" 
fractions by oligo-dT affinity chromatography.  
Northern blot analysis of the SERA m R N A  re- 
vealed it was a single 4.1 kb species (Fig. 4). We 
concluded that the m R N A  was apparently very 
abundant because the 4.1 kb SERA mRNA in the 
Northern blot was easily detectable autoradi- 

A B 

5 .1 - -  

2 . 1 - -  

Fig. 4. Northern blot analysis of the SERA gcne mRNA. 5 
~tg of late trophozoitc-schizont stage parasite poly(A) RNA 
(lane A), or poly(A)- RNA (lane B) was clectrophoretically 
separated and hybridized with oligo-labcled cDNA#3(-,6. The 
locations of RNA size markers of 5.1 and 2.1 kb are indi- 
cated. This autoradiogram was produced by an exposure of 

only 10 rain at room temperature. 

ographically, requiring only a 1 min exposure of 
the X-ray film. In ~,ddition, on the ethidium bro- 
mide stained gel prior to the blotting of the RNA, 
we could visually detect four stained bands in the 
smear of parasite m R N A ,  one of which corre- 
sponded in size with the 4.1. kb SERA m R N A  
(as the polaroid photograph did not reproduce 
well the data have not been shown). All available 
evidence suggests that both the SERA m R N A  [3] 
and protein [5-7] are abundant during late tro- 
phozoite-schizont parasite stages. 

Discussion 

We and others previously isolated parasite-in- 
hibitory monoclonal antibodies, monospecific po- 
lyclonal antibodies and polyclonal serum that re- 
acted with trophozoite-schizont stage antigens that 
exhibited different M r [2,4-9] by SDS-PAGE 
analysis. Some of those antigens were subse- 
quently found to be immunologically related 
[8,10]. We provided genetic evidence that two in- 
dependently identified antigens which were ca- 
pable of inducing the production of parasite-in- 
hibitory antibodies, and which had different Mr, 
were encoded by the same gene [2-5]. Having 
now identified the complete coding sequence of 
the gene that encoded that antigen, having shown 
that antigen contained 11% serine and a serine 
rich region with a long polyserine repeat se- 
quence, and having recognized the deficiencies in 
identifying the complete gene product [5-7] by its 
Mr in SDS-PAGE analysis, we have chosen, in 
agreement  with Dr. J. Weber  (personal commu- 
nication and ref. 4), to assign the acronym SERA, 
serine-repeat antigen, to simplify the identifica- 
tion of the gene and its protein product(s). As the 
SERA antigen may eventually prove to be one of 
a class of related antigens it may be worthwhile 
referring to it by a qualifying feature of its struc- 
ture, such as its encoded molecular mass in kDa 
(111 SERA).  

As different groups have independently dem- 
onstrated the SERA antigen can stimulate the 
production of parasite-inhibitory antibodies that 
are active in vitro, as well as in vivo in Saimiri 
monkeys, an important direction for further work 
will be to use the cloned SERA gene to analyze 
and purify sufficient amounts of the antigen to 



carry out  vacc ina t ion  trials in monkeys .  
The c D N A  clones collectively specified a 3.0 kb 

coding region for the S E R A  gene that encoded  
989 amino  acids. Nor the rn  blot analysis indicated 
the S E R A  m R N A  was a single species of 4.1 kb, 
a length that was cons iderably  larger than the 3.0 
kb coding region.  We also identif ied the S E R A  
gene m R N A  as an a b u n d a n t  late t rophozoi te-  
schizont stage m R N A .  The S E R A  gene should 
provide a model  for s tudying parasite gene reg- 
ula t ion,  express ion,  and funct ion.  

The  es t imated  S D S - P A G E  de te rmined  M~ of 
the S E R A  gene product (l130(X) [8], 126000 [5,6], 
and 140000 [9]) was higher than the predicted 
molecular  mass de t e rmined  by sequence  analysis 
(111 kDa,  inc luding the potent ia l  signal pept ide) .  

These differences suggested that some modifica- 
t ion of the pro te in  occurred.  N- l inked glycosyla- 
t ion of the pro te in  could have occurred at any of 
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