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Construction of Eukaryotic Expression Recombinant Plasmid and Sequence
Analysis of p41-3 Gene of Plasmodium Falciparum Isolate FCCl/HN

SHAN Zhi-xin, YU Xin-bing, LI Xuerongs, MA Changling, LU Jia-hai, XU Jin

(Department of Parasitology, Sun Yat-sen University of Medical Sciences, Guangzhou 510089 China)

Abstract [Objective] To construct a eukaryotic expression plasmid containing a gene encoding a 41-3 kilodalton blood stage
antigen (p41-3) of Plasmodiu falciparum isolate FCC1/ HN, and to determine the sequence of p41-3 gene and analyze the homology
of the sequences of p41-3 gene of different P. falciparum isolates. [ Methods] Two pairs of primers were designed according to the
known sequence of p41-3 gene. Using PCR technique, the p41-3 gene was obtained by amplification from genomic DN A of isolate
FCCI/HN. By doning target gene into a eukaryotic expression vector, pcDNA3 a recombinant plasmid pcDNA 5p41-3 was con-
structed and transferred into E. coli DH5x. The positive clones w ere screened and identified by agarose gel electrophoresis endonu-
clease digestion and PCR technique. The correct recombinant plasmid pcDNA3-p41-3 was used as template. and the nucleotide se-
quence of p41-3 gene was determined by the dideoxy chain termination method. Using softw ares to analyze the structure and sequence
homology of p41-3 gene between isolate FCC1/HN and FCBR. [ Results] The p41-3 gene was specifically amplified from genomic
DNA of Plasmodiumm falciparum isolate FCC1/HN, and the correct recombinant plasmid pcDN A3-p41-3 was screened and identi-
fied. The result of sequence determination show ed that the p41-3 gene of isolate FCCL/ HN was 2 137 base pairs in full length, encod-
ing 375 amino acids. Isolate FCC1/HN and isolate FCBR exhibited 98 98% homology in the nucleiotide sequences and 99. 73% ho-
mology in the encoded amino acids of p41-3 gene. [ Condusion] The eukaryotic expression plasmid pcDNA3-p41-3 is successfully con-
structed and nucleotide sequence of p41-3 gene of isolate FCCl/ HN is determined. The p41-3 genes of isolate FCC1/HN and isolate
FCBR share quite high homology.

Key words. Plasmodium falciparum; 41-3 kilodalton blood stage antigen; polymerase chain reaction; cloning, molecular; se-
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; FCC1/HN p41-3

41-3 kilodalton protein is a soluble antigen ex-
ported from the parasite in the blood stage of
Plasmodium falciparum, and it localizes mainly
within the erythrocyte cytoplasm as shown by immu-
noelectron microscopy[ " The p41-3 gene has a
complex structure consisting of nine exons and it
has been identified that at least three different splice
products of the p41-3 precursor m RNA expressed in
vitro during only one developmental stage, the late
blood stage form of P. falciparum ''. The p41-3
gene encodes 375 amino acids in total with a calculat-
ed molecular weight of 43 400. Provided that the N-
terminal hydrophobic residues function as signal se-
quence which is cleaved off, the molecular weight of
the p41-3 protein decreases to 41 200, as weight as
the P . falciparum aldo]ase(p41)[ A, Up to date, the
biological function of the p41-3 protein is yet un-
known. No significant homology is observed to
known protein sequences. The study on the struc-
ture and function of the p41-3 gene of chinese isolate
P. falciparum has not yet been reported. In this
study, using PCR and cloning technique, the p41-3
gene of P. falciparum isolate FCC1/HN was ob-
tained and cloned into a eukaryotic expression vec-
tor, pcDNA3, and a recombinant plasmid pcDNA 3-
p41-3 was constructed. The nucleotide sequences of
the p41-3 gene were determined, and the structure
analysis and comparision of the homology of p41-3
genes between two different isolates were per-

formed.

1 MATERIALS AND METHODS

1. 1 Plasmodium falciparum isolate, bacterial
strain and plasmid

P. falciparum isolate FCCI1/HN, E. coli
DH5a and the eukaryotic expression vector, pcD-
N A3, used in this study are kept in our laboratory.
1.2 Main reagents

TagDNA polymerase, 4dNTP were purchased
from TaKaRa (Dalian), BamH I, Hind IlI and

ADNA/ E@wR1 + HindlIllstandard weight marker,
PCR standard weight marker, T4DNA ligase were
purchased from SABC. Proteinase K and agarose
were purchased from Sigma. HEPES and RP-
M 11640 were purchased from Gibcol.
1.3 Polymerase chain reaction primers

Two pairs of primers, representing P1, P2, P3
and P4, respectively, were designed based on the
published sequence of p41-3 gene of P. falciparum
strain FCBR (Columbia)' " .

by the Pcgene software, the four primers were syn-

Having been analyzed

thesized by Sangon (Shanghai). The sequence of P1
is 5-GGC GGA TCC ATG TTG TTA CGA CAT
AAT TC3', GGATCC is the digestion site of
BamH 1, GGC is added as protective nucleotides.
P2is 5-AAC TCT TTC TCC AAG CTT CT-3". P3
is 5-ATT GTA CAT AGA AGC TTG GA-3". P4is
5-GTA GAA TTC CTA AAA ATT TTT CAA
AGT CT-3', GAATTC is the digestion site of E@R
I, GTA is added as protective nucleotides. P1 and
P2 were used to amplify the positions from 1 to
1 606 of the original sequences of the p41-3 gene
(p41-31-1606 ). P3 and P4 were used to amplified the
positions from 1 578 to 2 135 of the original se-
quences of the p41-3 gene (p41-3i5732135). Both P2
and P3 have the AAGCTT digestion site of Hind IIl
and the two PCR products of p41-3 gene, p41-31-1606
and p41-3i5782135. can be digested by Hind Il and
ligased into a full length p41-3 gene.
1.4 Cultivation of P. falciparum

According to the methods described by Trager
and Jensen?, P. falciparum isolate FCC1/HN was
cultivated and transmitted continoudy. Under the
condition of 37 C, 4.5% CO2 the “O” type hu-
man erythrocytes in the RPM11640 media with $=
10% serum of new-bom calf were used to culvitate
P. falciparum . The P. falciparum were collected
when the concentration of parasites reached 5% ~
10%.
1.5 Genomic DNA extration

P. falciparum genomic DN A of isolate FCC1/
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HN was extracted as described previously!* .
1.6 PCR amplification of the p41-3 gene

The genomic DNA of P. falciparum isolate
FCC1/HN used as template, the p41-3 gene was
amplified by conventional PCR protocol. The reac-
tions were carried out in a final volume of 50 L so-
lution containing 100 ng of genomic DNA, 20
mmoV/ L. TrissHCI (pH8. 4), 50 mmol/L KCIl, 2
mmol/ L. MgClz, 0.2 mmol/ L. ANTP, 2 5 units of
TagDNA polymerase and 0.5 FPmol/L of each
primer. The reaction mixture was initially heated at
97 “Cfor 5 min, followed by 30 cycles of amplifica-
tion. The cycling profile of p41-3 11606 was: 1 min at
94 C, 1 min at 55 Cand 2 min at 72 C. The ¢y-
cling profile of p41-3 15782135 was: 1 min at 94 G 1
min at 48 ‘Cand 2 min at 72 C. After 30 cycles of
amplification, the reaction mixtures were kept at 72
Cfor 7 min, then stopped at 4 ‘C. the PCR prod-
ucts were analyzed on 12 g/L agarose gels and
stained with ethidium bromide. The size of the PCR
products were observed and recorded by UVP-
GDS8000 Analyzer.
1.7 Construction of recombinant plasmid

p41-31-1606 was digested with BamH 1 and Hin
d III p41-3is782135 was digested with Hind IIl and
EcoRIT, and pcDNA3 was digested with BamH I
and EcoR 1, then the products digested were col-
lected by DEAE membranes (Schleicher & Schuell
Company ) and ligated with T4 DNA ligase to con-
struct the eukaryotic expression recombinant plas-
mid, pcDNA3-p41-3. E. coli strain DHS5owas then
transfered with pcDNA3-p41-3. the plasmid DNA of
the positive clones were extracted and screened by a-
garose gel electrophoresis. Then the possible recom-
binant plasmids were digested with BamH 1, EwR
[, BamH 1 and Hindllk Hind [l and EcoR T,
and amplified by using P1 and P2, P3 and P4 sepa-
rately. The products above were identified by 10 g/
L agarose gel electrophoresis.
1.8 Sequence determination and analysis of p41-3
gene

The recombinant plasmid pcDNA3-p41-3 was

used as template, T7and Sp6 promoter sequences, at

the 5" and 3" boundaries of the multiple cloning sites
of the pcDN A3 vector, were used as primers separate-
ly, and the sequencing reactions were performed us-
ing ABI PRISM ™ 377XL genetic Analyzer. In or-
der to determine the full length sequence of p41-3
gene, the other two primers were required to be de-
signed and synthesized based on the determined se-
quences. The sequences of p41-3 gene of isolate
FCC1/HN were analyzed by DN Astar software and
submitted to GenBank. The Blastn program
(http://www . nchi. nlm. nih. gov/blast ) was used
to compare the homology of the nucleotide and en-

coded amino acid sequences of p41-3 gene of the two

different isolates, FCC1/HN and FCBR.
2 RESULTS

2.1 Amplification of the p41-3 gene

Using two pairs of primers, two specific p41-3
gene fragments were amplified specifically from the
genomic DNA of isolate FCC1/HN. Theoreticaly,
the fragment of p41-3 gene amplified with P1 and P2
was 1 606 bp in size, another one amplified with p3
and P4 was 558 bp in size. A garose gel electrophore-
sis showed that the size of the amplified DNA frag-
ments were consistent with the theoretical values

(Fig. 1).

Fig. | PCR amplification of p41-3 gene (12 g/ L

agarose gel electrophoresis)
Lane M: PCR standard marker; Lane 1: Amplified product of
p41-3, 4 Lane 2: Amplified product of p4l-3,55 515

2.2  Construction of recombinant plasmid pcD-
NAs-p41-3

The screened recombinant plasmid pcDNA3-
p41-3 was digested with BamH 1 and EcoR1 sepa-
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rately, and the agarose gel electrophoresis showed
that the two products digested were both larger than
the pcDNA3 vector. Digestion with BamH [ and
EcoR1 together confirmed that a size of 2. 13 kb
DNA fragment was produced, as the same size as the
full length p41-3 gene in theory. The product di-
gested with BamH 1 and Hind Illof pcDN A3-p41-3
was 1. 60 kb in size, which was consistent with the
theoretical value of p41-31-1606. Another product di-
gested with Hind [Iland EcoR1 of p41-3 gene was
0. 56 kb, which was also consistent with the theo-
retical value of p41-315782135. The products amplified
from recombinant plasmid pcDNA3-p41-3 by using
P1 and P2, P3 and P4 separately, were consistent
with the corresponding p41-3 gene fragments am pli-
fied from genomic DNA too. Therefore, these results
confirmed that the recombinant plasmid pcDNA 3-
p41-3 was constructed correctly (Fig. 2).

Fig. 2 Restrication analysis and PCR identification of
recombinant plasmid pcDNAs p41-3 (10 ¢/ LL
agarose gel electo phoresis)

Lane 1: ADNA/ EwR1 + Hind Il standard matker; Lane 2.
pcDNA; digested by BamH [ ; Lane 3: pcDNA ;p4l-3 digested by
BamH]I ; Lane4: pcDNA p41-3 digested by E@RI ; Lane 5: peD-
NA;p41-3 digested by BamH] + E®RI ; Lane 6;: PCR identifica-
tion of p41-311606 from recombinant plasmid pcDNA 5p41-3; Lane 7:
PCR product of p41-316¢ from P. falciparum genome; Lane 8: PCR
identification of p41-3,55,,35 from recombinant plasmid pcDNAy p41-
3; Lane 9: PCR product of p41-355 535 from P. falciparum genome
Lane 10: PCR standard marker

2.3  Sequence determination and analysis of p41-3
gene

The nucleotide sequence of p41-3 gene was de-
termined by the dideoxy chain termination method.
The schematic representation of sequence determina-

tion the of p41-3 gene was shown in Fig.3. In order

to determine the full length of p41-3 gene, another
two primers, Pri and P2, were designed and syn-

thesized based on the determined sequences. The se-

quence of Py is 5 -CTC TAA AAA TGA TGA CTG
TGT-3'. The sequence of Pp is 5'GTT CTG TAT
TGG TCT ATT TCT-3". The result of sequence de-
termination showed that p41-3 gene of P. falciparum
isolate FCC1/HN was 2 137 bp in full length, with
71.54% in A+T and 28.46% in G+ C. 375 amino
acids were deduced from the coding regions of the
p41-3 gene, and the molecular weight of p41-3 pro-
tein was about 43. 41 kDa. At the N -terminal of the
p41-3 protein, there was a inferred signal peptide,
MLLRHNSFCICIILVLCSVQRCLS (Fig. 4). The
p41-3 gene had nine exons interrupted by eight in-
trons, and the boundary sequences of the introns of
p41-3 gene were shown in Table 1. The nucleotide
and encoded amino acid sequences of p41-3 gene of
P. falciparum isolate FCC1/HN have been accepted
by GenBank, with the accession number AF220352.

The comparison of sequence homology of p41-3
gene between two different isolates has been analy zed
by using softwares. Isolate FCC1/HN and isolate
FCBR exhibited 98. 98% homology in the nucleotide
sequences and 99. 73% homology in the encoded
amino acids of p41-3 gene. In contrast to isolate
FCBR, isolate FCC1/HN contained 22 sites of dif-
ferent nucleotides 20 sites existing in the introns.
The p41-3 genes of isolate FCC1/HN and FCBR en-
coded 375 amino acids, with only one amino acid dif-

ferent, at the site of amino acid 204, E displaced by

Spé > M
— < Pre 17
—
I I I I ]
1 379 927 1509 2137

Fig. 3 Schematic representation for determing the sequence
of p41-3 gene of P. falciparum isolate FCC1/ HN

3 DISSCUSSION

The nucleotide and enwded amino acid sequences
of p41-3 gene of P. falciparum isolate FCBR were
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1 ATGTTGTTACGACATAATTCCTTCTGCATTTGTATCATTTTGGTGTTGTGCTCTGTTCAA
1 M L L RHNSFCI1CTIILVLCSVGZG
61 AGATGTTTATCTGATGAAgtacacaasanaaataasatanaatagaatatgaagagaata
21 RCL SDE

121 aaaataataagaagaaaaaacttcagatacataaaacaattactctcttcatgtatatac
181 cataacagtttaatatacaaatataattctccttetttttccatatttagCAAAATATAA
27 QNI
241  ATGATTGGCCTATAGACTTTGAATATAATTCTAAGTCTTTACCATCAATAGAAGTTAAAT
30 NDWPTIDFETYNST KT SLTPSTIEVK
301 TAAGTCCTCCAGAAAATgttaaaaaasaaaaaraataaaataaaaatasaatanaaaaaat
50 L S PPEN

361 aattaagtatctaaaaatgtagaaatatatatcataatatatatttacaaaaaagtaatg
421 taattaatagaaaaatgtatgttggaatagaacagtgaagaattttatattatattaata
48] tataaattttttttttttttttttrttttittaaacttagCCGTTACCACAAGTTTCTGC
56 PLPQV S A
541 AGAAATTAAAATTTTGGAATCTGCAAGACTTAAATTGGAAGAGRtgagaaaaaaatataa
63 E Il KTITLESARLZEKTLT®LE
601 agattucdalaatacaaqatgagaaaaattttatggacactatttatttaattcattata
661 tatttatagGGAATGATGCAAAAACTCGAAGATGAATATAATAAATCCTTGTCCATGGCA
77 G M MQKLEDETYNIKSTLSMA
721 AAGTTGAAAATAAAAGATACGGTTGAAAATTCATTAAGCATTTTTAATGACCCAAATATT
949 KL KIKDTVENSLSTIFNDPNI
781 TTAAGTTCTGTTATTTCTAATTCAGTAAAAATTTTAAAAAAAAAGAAAAATTTAAGAAAA
114 L S SV I SNSVKILIEKTEKZEKTEKNLTEREK
841 ATAAAGGAAACCACTGATGAAGAGAAAACTTCAGATAATGTTTCTCAAATGTATGAAAGA
134 I K ETTDEEZKTSUDEINVYS QMY ER
901 AAAGGTGGACCATTACCACCACCCGAACTTAGAAAACACACATTATTCTTAGAGCAAAAT
154 K ¢ 6 PLPPPELRIEKMHTLTFLETG QN
961 TATTTAAACAAAACAATTCCTTCTGTAAAAATATCGgtatggaaaatataaaaaaaataa
174 Y L N KT T PS VKIS

1021 aataaaataaaatatttaacttaatatataaatatatgtgttatatacacaataatattt
1081 aasatgtgattgaaaatgggaaaacgtacaatitttgaactttctttttttttgaaatac
1141 ttcctcaagTTAACTGAAATAAGTGAACCTAGCGTTTTAATAAAGGAAAAAATTGAAGAA
186 LTETISEPSVYLTIZEKETZEKTILTEFE
1201 ATAGACCAATACAGAACAGATGAAGAAGTAACTgtaatatttataagaataaaaaaaatc
203 I DQYRTDETEWVT

1261 gaatataatgttataatatatcgttttaataatatatgaaaaaacccccttttttttttt
1321 ttterrtttttttetttttaatttecctagATGTTTGAAACGGCTATATCTGAATTAGATA
214 M FETAISETLTD
1381 TATTGACAGATATAACAATGCTAGAATTAGAAAAACAAATGCAACTTCAATTGAATCCAT
224 1 L TDITMLELEIKQMQLGQLNTP
1441 TTTTAGTTGATAAACAGgtaaataaataaataaatatatatatatatatatatatatata
244 F L VD K Q

1501 tatatgtgca+tatatttatataagaacatttacatattttaatcacgtatgttattaca
1561 taatgacattttgatacagATTGTACATAGAAGCTTGGAGAAAGAGTTGAAGGAAATGGG
250 1 VHRSLEZEKETLIZEKEWMG
1621 AAAAGCCGAACAAAGGGAAAATGTGAATgtacattcctatatlantatitaacaaaaaaag
264 KAEQRENVN

1681 agatigagataalaatatataaataatatttattittalttattiatagAAAAGTTCTCA
273 K s S aQ
1741 AACACAGTCATCATTTTTAGAGCAAGAAGAAAATGAAAATACAGGAAATATCTTAAATGT
277 T QS SFLEQEENENTGNTILNY
1801 AAAAATAAGCCAAACGGATTATAGgtatttgtttaaaaatagaattataaacttatgtag
297 K 1 S QTDYS

1861 ttasnaaaasaatatacataatataatattctatttattttatattttttacttatgatag
1921 TTATCCAACTATAGATGAATTGGTTATGCAAATGCAAAAAAAAAGGGACATTACGGAAAA
35 Y PTIDE LV MQMQEKIE KT RDILITEHK
1981 ATTAGAAAGACAAAAAATTTTAGAATTACAAATGAAATTATTAAAAGCACAAAGTGAAAT
26 L ERQ K I LELOQMEKTLLTEKAQSTEHMW
2041 GATAAAGGATGCTCTACATTTTTCTATTTCAAAGGTTATAGCTCAATATTCACCCATAGT
345 I Kk DALHFSITSEKVI1IAQYSZPILV
2101 CGAAACATTAAAATTACAGACTTTGAAAAATTTTTAG 2137

365 ETLKLQTLTEKNTF =* 375

Fig. 4 Nudeotide and deduced amino acid sequence of the
p41-3 gene of P. faldparum isolate FCCl/ HN

The nucleotide sequences of the coding regions were shownin cap-
ital letters, while the sequences of the noncoding regions indicated in
lower case stop codons were denoted by asterisks. T he predicted sig-
nal peptide was underlined, and the nine exons E1 to E9 were indicated
by boxes. The sequences of p41-3 gene reported here is available in
GenBank with the accession number AF220352

firstly reported by Knapp and cooperators ' . In this
study, sequence determination shows that p41-3

gene of isolate KCC 1 / HN  also contains nine exons

Table 1 Boundary sequences of the introns of the p41-3 gene

The consensus splice sites were underlined

Intron  Exon/Intron  Intron length Intron/ Exon

1 GAA/GTACAC 152 CCTTCTTTTT CCATATTTAG/ CAA

2 AAT/GTTAAA 203 TTTTTTTTTTTTAAACTTAG/ CCG
3 GAG/GTGAGA 86 AATTCATTATATATTTATAG/GGA
4  TCG/GTATGG 153 TTTTGAAATACTT CCT CAAG/TTA
5 ACT/GTAATA 116 TTTTTTTTTTAATTTCCT AG/ATG
6 CAG/GTAAAT 122 ATAATGACATTTTGATACAG/ATT
7  AAT/GTACAT 81 TTATTTTTATTTATTTATAG/ AAA

8 TAG/GTATTT 96 ATATTTTTTACTTATGATAG/ TT A

interrupted by eight introns. All eight introns start
with GT and end with AG, upstream to which
pyrimidine residues are enriched. This sequence pat-
tern is in agreement with the splice site consensus se-
quences found at the 5'and 3 'boundaries of eukary ot-

P 5
1C 1ntr0ns[ I

. p41-3 gene of P. falciparum isolate
FCC1/HN is 2 137 bp in full length, encoding 375
amino acids. The character of the structure of p41-3
gene of isolate FCC1I/HN is consistent with what
Knapp and cooperators reported previously! " .

The comparison of sequence homology of p41-3
gene between isolate FCC1/HN and FCBR was per-
formed in this study. The homology analysis showed
that isolate FCC1/HN and FCBR exhibit quite high
homology in the nucleotide and encoded amino acids
sequences of p41-3 gene. The positions and compo-
nents of the exons and introns of p41-3 gene were
quite similar between the two isolates except a few
nucleotides different existing in the introns. The
comparison showed that the p41-3 gene was quite
conserved among different isolates, and p41-3 pro-
tein seems to be a potential blood stage vaccine can-
didate for malaria.

p41-3 protein and aldolase (p41) are two com-
ponents of 41-kDa protein band of P. falciparum,
and the p41 protein was shown to be the main com-
ponent of the 41-kDa protein band > . However.
they are two quite different moleculars. The p41-3
gene contains eight introns !, while p41 gene has no

. [2
introns

. The amino acids of the two proteins show
no homology either (not shown in this paper). In

contrast to the p4l. the p41-3 protein is expressed at
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alow level as demonstrated by the different exposi-
tion times necessary for the detection of the p4l or
the p41-3 specific mRNAs on northern blot " Ini-
tially, a 41-kDa protein band of P. falciparum was
shown to confer protective immunity to Saimiri mon-
keyd 7.
that the recombinant p4l protein failed to protect

However, the following research showed

Aotus monkey'® . Tt indicates that the protective 41-
kDa protein may be the p41-3 protein, not the p4l
protein. Because of the biological function of the
p41-3 protein is yet unknow n, further studies are re-
quired to be performed.

In this study, the eukaryotic expression recom-
binant plasmid pcDNA3-p41-3 was constructed. So
the p41-3 gene with introns can be expressed in eu-
karyotic cells the product expressed can be similar
to the nature protein in structure, physical and chem-
ical character and biological function. And the full
length p41-3 gene of P. falciparum isolate FCC1/
HN was obtained and sequenced. Our work lays a
foundation for the eukaryotic expression of p41-3
gene and understanding the function and protective

immunology of p41-3 protein.
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