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Protein synthesis in eukaryotes initiates with binding of the
multisubunit translation initiation complex elF4E This complex
contains elF4E, eIF4A and elF4G. eIF4E directly interacts with the
cap structure, elF4A is an RNA helicase and eIF4G acts as a scaf-
fold for the complex. eIF4G contains the binding sites for both the
subunits i.e., elF4A and eIF4E and it also interacts with poly(A)-
binding protein (PABP). In present study we have identified and
characterized the main components of the elF4F complex i.e.,
elF4E, elF4A and elF4G and PABP from Plasmodium falciparum.
Molecular modeling of PfeIlF4E, PfelF4G and PfPABP confirms
that they contain all the characteristic conserved structural features.
We have annotated some of the genes of P falciparum and as a
result these studies demonstrate that the components of translation
initiation complex are highly conserved. Therefore these studies
will contribute to understand the basic biology and components of
translation complex in P falciparum.

Generally eukaryotic mRNAs contain a 5" cap (m(7)GpppN)
where N is any nucleotide and a 3" poly(A) tail (50-300 nucleotides),
both of which are essential for efficient mRNA translation and are
specifically recognized by the proteins. Eukaryotic translation initia-
tion is a multistage process, which involves several sequential steps
performed by a multisubunit protein complex termed as eukaryotic
translation initiation factor 4F (eIF4F).!? eIF4F is composed of
multiple translation factors, which assemble at the monomethylated
cap present on the 5'-end of the mRNA to promote the recruitment
of the ribosome. eIlF4F mainly consists of three subunits, elF4A
(eukaryotic translation initiation factor 4A), an ATP-dependent
RNA helicase and a member of the DEAD-box protein family
(DEAD corresponds to Asp-Glu-Ala-Asp), elF4E (eukaryotic trans-
lation initiation factor 4E) which binds to the 5' cap structure of the
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mRNA and elF4G (eukaryotic translation initiation factor 4G) that
acts as a scaffold for the complex with binding sites for both eIF4A
and elF4E. elF4G is also responsible for the circularization of the
mRNA via interaction with poly(A) binding protein (PABP).? The
5' cap and the 3' poly(A) tail of eukaryotic mRNAs cooperate to
synergistically increase translation.

The functions of the components of elF4F complex have been
well established by studies in various systems. elF4A is believed to
be involved in the unwinding of the inhibitory secondary structures
present in the 5' untranslated region of the mRNA and its mainte-
nance in a single stranded form to facilitate the binding and scanning
of the ribosomes to the initiator AUG codon.®> eIF4E mediates cap
identification during initiation and is absolutely necessary for cap-
dependent translation.® Most organisms contain a single gene, which
encodes elF4E but some organisms contain more than one elF4E
gene, which belong to different families.” eIF4G is an adapter protein
with a modular structure, which is required to mediate the ribosome
recruitment via the cap structure and poly(A) tail.! Mammals possess
two functional isoforms of eIF4G elF4GI and elF4GIL.? The binding
sites for numerous interaction partners of elF4G have been determined
by mutation and deletion analysis and it has been suggested that e[F4G
provides multiple contact points for interaction with other components
of the initiation complex.? It has been shown that mammalian eIF4G
contains two interaction domains for elF4A, a C-terminal domain
and a central domain and the interaction of eIlF4A with the middle
region of elF4GI is necessary for translation, whereas the interaction
of eIF4A with the C-terminal region plays a modulatory role.®? PABPs
usually bind poly(A) using one or more globular domains containing
RNA-recognition motifs (RRMs) and therefore help in stabilization of
mRNAs. PABPs are involved in interaction of the poly(A) tail with the
translation initiation complex and simultaneous binding of eIF4E and
PABP to elF4G is essential for efficient translation.>>1? The highly
conserved PABP polypeptides are found only in eukaryotes; single-
celled eukaryotes each contains 1-2 PABP genes, while humans have
five and Arabidopsis has up to eight PABP genes.>!! Several molecules
of PABP cover the entire length of the poly(A) tail of the mRNA and
this interaction occurs via RRMs of PABP3!!

Malaria is a major parasitic infection caused by the protozoan
parasites of the genus Plasmodium and Plasmodium falciparum causes
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the most virulent form of malaria.!? In order to understand the basic
biology and specially the translation process in this protozoan para-
site we have bioinformatically characterized various components of
the eIF4F complex from P falciparum. In previous studies we have
reported the detailed characterization of an eIF4A homologue desig-
nated as PFH45 from P falciparum.'>'4 In the present manuscript
we present characterization of the other principal components of the
elF4F complex such as eIF4E, eIF4G and PABP from P falciparum.
Our studies reveal that P falciparum contains only one gene each
encoding eIF4E, eIF4G and PABP. The bioinformatics characteriza-
tion of these proteins reveals that PfelF4E, PfelF4G and PfPABP all
contain the characteristics features. PfPABP also contains the charac-
teristic RRMs. A three-dimensional homology model of the middle
domain of PfelF4G shows that there is sufficient conservation to
human elF4G to make the models virtually super-imposable. The
studies reported here show that despite the insignificant homology of
PfeIF4G at the sequence level its structure is highly conserved. These
studies will make an important contribution towards understanding
the process of translation in the parasite.

Sequence Analysis and Computer Based Prediction
of Structure of elFAE Homologue from P. falciparum

The search of the P falciparum genome using elF4E as query
revealed that only one homologue of eIF4E is present in the
genome. The 684 base-pair open reading frame of P falciparum
elF4E (PfelF4E) was analyzed. The deduced amino acid sequence
of PfelF4E revealed a protein consisting of 227 amino acids with a
predicted molecular mass of approximately 27 kDa and it is a basic
protein with a calculated isoelectric point of ~8.4. The sequence
analysis confirmed the presence of characteristic motifs of this family
including the conserved tryptophan residues.” The ‘PlasmoDB’
(htep://www.plasmodb.org) entry number for this gene is PFC0635¢
and it contains no introns. A multiple alignment of amino-acid
sequence homology search using NCBI database revealed that
PfelF4E aligned contiguously and showed highest homology with
its counterparts from Plasmodium berghei (-92%) and -19-40%
homology with eIF4E from other sources (Fig. 1A and B).

The 3 dimensional structures of the yeast eIF4E determined
by NMR and mouse and human elF4E proteins determined by
X-ray crystallography have been reported.!>!8 The murine protein
has a cupped hand shape and contains eight-stranded anti-parallel
B-sheets, backed by three a-helices on its convex side.!® A thorough
examination of the alignment of PfelF4E revealed that the cap-
binding pocket is highly conserved. A comparison of the amino acids
of human elF4E and PfelF4E is shown in Figure 2A. The interac-
tions mediated by the amino acids required for specific binding to
the 7-methyl-GDP are taken over by the amino acids Trp37, Asp102,
Tip115, Glul16, Lys170, Argl80, His125 and Trp184 in PfE27,1¢
(Fig. 2A, marked by red asterisk). Similarly the alignment showed
that the amino acids His37, Pro38, Val69, Trp73, Leul28 and
Leu135 of mammalian eIF4E,!” which are responsible for binding to
elF4G, are replaced by the amino acids Leu31, Leu32, Val67, Trp71,
Asn145 and Leul49 in PfelF4E (Fig. 2A, marked by blue asterisk).
For the location of the binding pocket on PfelF4E, the complete
protein sequence was submitted to the JIGsaw program (http://www.
bmm.icnet.uk/servers/3djigsaw/).2%-?? A highly similar and superim-
posable model based on the crystal structure of human elF4E was
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obtained!® [Fig. 2B (i)]. In these models the amino acids responsible
for the binding of eIF4G have been marked using the VMD software
(www.ks.uiuc.edu) and are shown in yellow color [Fig. 2B (ii) and
(iii)]. These results further show that the binding pocket is present
on the similar planes in PfelF4E and human eIF4E.

Sequence Analysis and Computer Based Prediction
of Structure of elF4G Homologue from P. falciparum

On simple text-based data mining of PlasmoDB with the text
term ‘MIF4G’ five genes are reported. These are PF11_0086 (hypo-
thetical protein of 3334 amino acid in PlasmoDB), PFI1265w
(hypothetical protein of 1754 amino acid in PlasmoDB), PFL1855w
(putative cell cycle control protein of 967 amino acid in PlasmoDB),
PF14_0113 (hypothetical protein of 943 amino acid in PlasmoDB)
and MAL13P1.63 (asparagine-rich protein of 1192 amino acid in
PlasmoDB). The detailed analysis of all of these proteins revealed that
these contain MIF4G domain but all the others except MAL13P1.63
did not reveal any detectable homology to known proteins from
other organisms. The detailed sequence analysis of MAL13P1.63
(~139 kDa protein) confirmed the presence of characteristic motifs
of elF4G. A multiple alignment of amino-acid sequence homology
search using NCBI database revealed that PfelF4G aligned contigu-
ously and showed highest homology with its counterparts from
Plasmodium yoelii (-49%) and ~6-13% homology with eIF4G from
other sources (Fig. 3A and B).

Since PfelF4G contained insignificant homology at amino acid
level therefore to check the homology at structural level, the complete
protein sequence of PfelF4G was submitted to the 3D-JIGSAW
program and a three-dimensional model was obtained, which was
based on the X-ray structure of the template human eIF4G.?3 On
careful analysis it was observed that this model was built by using
only the phylogenetically conserved region i.e., amino acid 888 to
amino acid 1125 in PfelF4G (Fig. 4B (i)). It is interesting to note
that this domain is composed of ten o helices arranged as five anti-
parallel o helical pairs or HEAT repeats (named for Huntington,
Elongation factor 3, A subunit of protein phosphatase 2A [PP2A],
and Target of rapamycin).?* Similarly using the complete protein
sequence of human eIlF4G (AF104913) a three dimensional model
was obtained [Fig. 4B (ii)]. This model spanned from amino acid
712 to 944 of human eIF4G. The alignment of amino acid 888
to 1125 of PfelF4G and amino acid 712 to 944 of human elF4G
showed only 22% similarity and 27% identity (Fig. 4A). But it is
interesting to note that the two structures of these regions are highly
similar and largely super-imposable [Fig. 4B (iii)].

Sequence Analysis and Computer Based Prediction
of Structure of PABP Homologue from P. falciparum

On simple text-based data mining of PlasmoDB with the text
term ‘poly A binding protein’ two genes are reported. These are
MAL13P1.303 (putative polyadenylate binding protein of 414
amino acids) and PFL1170w (putative polyadenylate binding protein
of 875 amino acids). MAL13P1.303 is small in size to be a bonafide
PABP. The detailed sequence analysis of PFL1170w revealed a protein
with a predicted molecular mass of ~97 kDa and it is a basic protein
with a calculated isoelectric point of ~8.9. A multiple alignment of
amino-acid sequence homology search using NCBI database revealed
that PFL1170w (PfPABP) aligned contiguously and showed highest
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Figure 1. (A) Comparison of amino acid sequences of P. falciparum elF-4E protein (PlasmoDB No. PFC0635¢; GenBank accession No. EF043517) with
other elF-4E from Plasmodium berghei (XP_674865), Theileria annulata (CAI74251), Cryptosporidium parvum (CAD98650), Pisum sativum (ABG35118),
Saccharomyces cerevisiae (NP_014502) and Homo sapiens (P06730). The accession numbers of the aligned sequences are written in brackets. (B) Phylogenetic
guide tree using Clustal W program based on the multiple alignment. A value of 0.1 corresponds to a difference of 10% between two sequences.
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Figure 2. (A) Amino acid alignment of P. falciparum elF4E (PlasmoDB No. PFC0635¢, GenBank accession number EF043517) and human elF4E (GenBank
accession number P06730). The amino acids responsible for 7-methyl GDP-binding and elF4G binding are marked by red and blue asterisk respectively.
(B) A three-dimensional model for PfelFAE was created as described in text, which was based on the crystal structure of human elF4E.1 The structures have
been displayed using molecular visualization program for displaying, animating and analyzing large biomolecule systems using 3-dimensional graphics and

builtin scripting (VMD software www.ks.uiuc.edu). (i) Super imposed image of
responsible for the binding of elF4G in (i) human and (iii) P. falciparum elFAE

homology with its counterparts from Plasmodium berghei (-71%)
and ~29-37% homology with PABP from other sources (Fig. 5). It
was observed that similar to other PABPs, PfPABP also contains four
RRMs, which span from amino acid 16-94; 104-176; 193-261 and
450-527 respectively (Fig. 6A).!! It contains a few regions, which
are Asn rich (amino acid 295-396; 617-799), Thr rich (amino
acid 317-362) and Gln rich (amino acid 557-761) (Fig. 6A). The
presence of homorepeats is a characteristic feature of proteins from
P falciparum and the most common is asparagines followed by
lysines and glutamine.?>2® These inserted residues encode non-glob-
ular domains of unidentified function, which are extruded from the
core of the protein and probably form surface exposed structure that
consequently in most of the proteins have no effect on the functional
folding of the protein.ZS’26

The complete protein sequence of PfPABP was submitted to the
3D-JIGSAW program and a three-dimensional model was obtained,
which was based on the X-ray structure of the template human PABP.
These two structures were not similar and not super-imposable (data
not shown). The amino acid alignment of full-length human and
PIPABP revealed a similarity of ~14% and an identity of -33%
and it further showed that PfPABP contains an insertion of ~150
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the structure of human (green) and P. falciparum (red) elF4E The amino acids
have been marked and are shown in yellow in the models.

amino acids in between RRM3 and 4 (Fig. 6A). It is interesting to
note that only the modeled structure of PfPABP from amino acids
1-180 (RRMI1 and 2) superimposes with that of human PABP
[Fig. 6B (i)] whereas the structures of PfPABP from amino acids
1-264 (RRM1-3) and from amino acids 1-531 (RRM1-4) are
not superimposable with human PABP [Fig. 6B (ii) and (iii)
respectively].

Our unpublished observations indicate that the middle and
C-terminal domain of PfelF4G is structurally conserved and is able
to interact with PfH45, PfelF4E and PfPABP but there was no
detectable interaction between the PfelF4G-N fragment and PfelF4E
or PfH45 or PfPABP. These interactions are shown schematically
in Figure 7A and B shows the overall initiation complex of
P falciparum.

Protein synthesis is a complex process in eukaryotes and it
requires numerous different macromolecules. The critical step of
translation initiation is a coordinated action of a number of transla-
tion initiation factors. Most important of these is the heterotrimeric
elF4F complex, which is composed of elF4A, eIF4E and the very
large protein elF4G, which mediates the interactions between eIlF4F
and other translation factors. Previously we have reported the char-

2009; Vol. 2 Issue 3



eIF4F components and PABP from Plasmodium falciparum

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelil
pombe

sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelil
pombe
sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

falciparum
yoelii
pombe
sativa
sapiens

IMu[rrsoFRour¥ssRlagrPssaAas[RlvosaarERPGPAREY
MNS PRQHFYPSR @ R s a N
2[KunEN--r1rElannx EQ--ecwlR[s[N]- -[KlJx DD ™
16|KNIKD--DIKADTNE NE--NGPR[FIN|- -[klsnENE
0|klas[ElnsTaTaEkoav erpr-NTs[RlalnjaglRlxTas T
1__nx__nnp_ VISLR Ge--cGPlRlpe--RLFsPaA
41YFAGSQVHHISQISY vyyi[legs|rRlsTyvverTooy
K E P 2 K P R N K 2
64 NNRNNSLNNNDMENNNEK -N[N|[NMN - - - = - = = = = = = n[s]o[N]s
47 GNNWGGLRNESNKIFRN -—T|N[KLN- - - - - —— DN N|N|N
67T GKITSEADTEE KY YN N|S|ISKSPVIN|IKE SVEKEKSSEK--58 TIH|N
30 FAAAASGSGDLLRISIHVG - = = = =[G|- = = = = = = = = = = HKIGD
8l PVQPGAPGFYPGA|S|PTEFGTYA|GAYYPAQGVR[RFE|lPTGVAPR

: : s N G QF s N K
92 LSFSR“FKN—SFRKGHNEHNS ————— VTGHIKEINK————
7 R- - -DINILID-DN|INIRRLDEDGHN - - - - - LGNFREEKEYV FN|--- -
105 pwreD(NTsk[Bl]salN[ssae[R|lrssougEB|lerssoifgxoNaarvy
54 P----NPEV-RERVRYT|R[DQL - -~ - - - - LELREIVD-~- -
121 a L NQPP-QIAPRRBKTIRIR---DPHQGEKDI B
) P N H : R KEP H < ] N
122 kN Y[Ry unwungEl----------- NGTNNNDMNVN - == - -~ -
102 NEM[B[NTNNSTB|- === = = = = = = = FNKSNYNKNMN - - - - — - -
145 envE[exstsglel[rarevsrvreriIfglrestrananesx[Ek[Fsq|
78 - - = = =IPIB|l- - == === === = AILIKQEIDIE- -------
157 M A RSTPTPpQTGGGLEP@J\NGETPQVAVIVHEDw-vw
N : B ¢ = t: s P VsG
44 pou[E[rse[ElP N NN F TN -LN[N[KAFYRN - - = - - = - - - MEKNNEK
124 HSEKQKYNFHEHFKN—NYKKHRNNF ————————— NMEKEHGN
185HHQ“KSGV’SSYSSKSQSVHSSVTS“EPHTEEPVhlx EAS
92 ~-LHGEDQ[EIWG|R|[PESD - -VQVQETQTQ - m == == = = = aAglplrnr
194 DRSQGATI nnpsr.ps exspseEsgElsspsprepsesplveie
N :I: R N P P :
174 F N K “—IE—HNH“N“H“HHKHHNN——“DDG“ —————— INY
154 TNT[Tlse-L-GDEMNN|N|N|]sDo R s M- -[N[N[P]s - - - - - - - - NY
225 sTA KGpp'rrsnsnrn‘rspauenpruxsrn:nr@n]ﬂar
120 ¥ ¢ elz|o[®]-[R)- - - - - - - -"- DWR - - = -=-----=-o=-o=--=o-- a
234 PGSEFLAVLSIFGDTHTTIQHEVEESTEISRETG—EEYR
T N R N N N P T P
204 QNTNEFPKD[N|k KN MNFERNQYNN[NY-xFD-BN[MNNSNTHHESR
182 ANSEMNQN[N[sK-MoussnyYyN[lN[Le-DeN-FlNlNNMNNRHMFFEK
265QTTQVSASHSpALSGSSTPS“TESRSNRQ‘HGHFSEKRHY
131 RTVOQPPAAINIEE - - - - = KSWD!IR ——————————— EAEK - - -
273 LSPEPTPLABPILEVEVTLSKPVPESEFSSSPLQAPTEP
HE- N HEH N N
242 NS NV E LRHHSIDH“NS——?IHIIYT —————— HQQTRF - -
219 NHNNEKEFNEKPFGISOININTD S SN---|HNIFINN|IN- - - - - - FEKEDNEKQ- -
305 DRYGNSPSYNRYSHYQHGFEYNHSG ------ HHRNSGH
152 - - - - AAlHfals|- = - - - - - S--m - m e m = earoolEfe - -
313 SHTVBIHEPNGHVPSBDLEPBVBSSPACDS!SP
H H:S: N H N NN ELAPPP : B

3l
15
29

40

63
46

29
80

91
74
104
53
120

121
101
144

156

143
123

951
193

173
153
224
119
233

203
181
264
130
272

241
218
304
151
312

271
247
338
163
352

www.landesbioscience.com

acterization of an elF4A homologue (PfH45) from P falciparum and
have shown that PfH45 is localized in the cytoplasm and is essential
for parasite survival.!3 In the present study we have isolated and
characterized the other components i.e., eIF4E and elF4G of eIF4F
complex and PABP from P falciparum using the bioinformatics
approach. Previously it has been reported that PfelF4E binds to
mRNAs in P falciparum.”’

Previous studies have shown that the HEAT repeat proteins
participate in a wide variety of cellular processes, which are depen-
dent on accumulating large multiprotein complexes.?3%4 The overall
similarity between human elF4G and PfelF4G is not very high

Figure 3A. For figure legend, see page 253.

(only ~12%) because it is well established

region of PfelF4G might be involved in the
as reported for human elF4G and e[F4A.24
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that the HEAT repeat
proteins do not share any absolutely conserved amino acids.?® It has
been reported that although Leishmania major contains five eIF4G
homologues but most of them show similarity to the human sequence
only at the level of central HEAT domain.?® The comparison of
human and P falciparum eIF4G suggests that specifically the middle
interaction with PfH45
Due to the presence of
HEAT domain, the conserved middle domain of PfelF4G most likely
serves as a central assembly platform for its translation initiation
machinery. It has been reported previously that mammalian elF4A




eIF4F components and PABP from Plasmodium falciparum

P. falciparum 272 SSFMENENE - - NE|N|- - - —-KNYHTGGMNN - - - - - H[- T 5 P x[N] 299
P. yoelii 248HV’HYKK@YN——HRH————IHHRNISMDE ————— H(- M N Y sS|N|275
S. pombe 339 PRFRNSRRN--YRHQGR!TYHSHGRSA ----- w|o s P R N[N|371
0. sativa 164 ~VNRQD[Q[- - - - - - - - - - LNH- - - — - —— - _-QFAS 176
H.sapiens 353 PIAPTA PELGAPSPERVDLSPVSEKE TAS YV 392
: ) EL NN P : PEEQAN :ow
P. falciparum 300 KYDN[NEB|- -SsMEKNTODNNK[E|--prs[EsrererInnolfssnofy]ass
P. yoelii 276 MENE|NN|- —-SGMNNSPN - - - - - - - - - YKSKYDNEN|N[---- - 298
S. pombe 372 pouv[uN|cs[TRlrgrrovsLo[fleveov[¥legrovy1voe|N-unvof¥4o
0. sativa 177 KAQVGP - -|TPIALIKAE - = - = = = = = - - VPWSARRG|N[- - - - - 199
H. sapiens 393 APPTIPSA|TP[ATAPSATSPAQEEEMEEEEEEEEGEAGEAG 432
| H N TP : H T Y ) N Y
P. falciparum 336 LRNINNINE¥|[KGSAKNKFYTNYMNK[N--NLKFTQKKNDN- 372
P, yoelii 209 === =z =c=cs=cs=scs=s========== TS VIEKN|l--DMSFREEN-- - - 313
S. pombe 411 crrrgefel--[E]lveoyyevyrgreryroElreransrscesgis|p- 447
0. sativa 200 = = = = = = = - - - - - - - - - - - - - - - LSEK--DR--VLET-- - - 209
H. sapiens 433 EaEsEXR[GG[ElErrrrEsTrIrANLSsoNtEAR T o v alWs|v[E] 472
G BY :: W : :vs P
P. falciparum 373 - - ~-MNTNED[N[NN NN - - - - - - - unEluscevrersyyoE------ 396
P. yoelii 314 - - - - IKYYG|N[NHENS - - - - - - - pnnn:.ppnvuuu ------ 336
5. pombe 445———QVVESPHSSTLS —————— PR”GFRPIVKQQKKSSELK“?B
0. sativa 210 - - - - VEKGIL[N[KLTP - - - — = — — - - EXFDLLKGQLM - - - - - - 230
H. sapiens 43[KRR[rRk1xeL|Nkkeav[EDLLDA[FkEANPAVEREVE[Nor P[E|cs 512
ERR 2 : N GDLLDA N | 3 N A
P. falciparum 397 - - |[N[NMNRN NS INIKRNLNNNN- -NINN[NMNKMGS OQDEKNGOQN 432
P. yoelii 337 - -|N[N S SRE - - - - - - - HSRNPF--FMENKKNNMVNDNANEKN 365
S. pombe 479 rvnlevrarev[y|v[E[pxnAassewp-sET|N[sRAETPTAARPD QI 517
0. sativa 231 - - - - - - - - - - - - - -~ ESGITT - --ADILEKDVISLIFEZEKA A 251
H. sapiens 513 NPGPESEGSGV|P[E[RPEEADETWD[SKEDKINNAENIQPGEQ 552
N : e v P ) N T :
P. falciparum 433 [SlNwNFPY - - - - - - - -~ MN!NEQHRENSHNNNHNHN@NNNHH463
P. yoelii 366 - = - — & m e e e e e e e e e e e e e e e = nrRuuDF|u[s n[E]o v 377
5. pombe SIEEES ——————————— ASQKEAI@AIQQRIQEKAEABAX 546
0. sativa 252 = = = m e e e e e = = = = e e == = = m = = = == === VFEPTPFC MY 261
H. sapiens 553 xxrxs|nanppnnx|nxx|k!n|kgslg1,sfQrIFAsElgxge 592
s E DQWEKPPNLE R YD KL : : M: P
P, falciparum 464 HN M N N KN M|NHNMN|NNMNHNMNNNMNHN- - - - - - = = = = - = M N 491
P. yoelii 3?BENHHQPNTYMQRHH!HDVNN‘ISHIH ------------ IS 405
S. pombe 547 RKAEEKARLEAEE|NAXREAEEQAKRE - - - = = = = = - — - = AE 574
0. sativa 262 AQLCSDLEKLPS———FPSEEPGGKE ———————————— I T 286
H. sapiens 593 LPHISDVVLDKA[NkTPLRPLDPTRL QG GPDFTPSF|AN 632
: : N NN : ::GINCGPDFTPSEF:
P. falciparum 492 HNHNNISLDSDMSP--NYHnHvKMSHHNYHNH.SNTJ\NP 529
P. yoelii 406 NN YMND|N[N LKKNIDS - - SNLPHMNVMRGNNNDDG - - — — — — 437
S. pombe 575 EKAKREAEEKAKREA--EB[E[KAKREAEENAKRERA[E|EX & K r[E|612
0. sativa 287 FKRVLL.NCQBAFBG--A!SLR&BIAKLTQPDQ ------ 318
H.sapiens 633 LGRTTLSTRGPPRGGGBLPRGPQAGLGPRRSQQGPRK5?2
: N : 1 PG E - : H : B E
P. falciparum 530 - - - - - - NnoguNF[El[or DN - MK[R[E]WN - - N NMNNYGYDDNTVEH 560
P. yoelii 436 - - - - - - DPVE[RE[FTHN----[B[---N--NNQNNNQNNVTEKNT 462
S. pombe 613 A----BEKAKRBAEBKRERkE.K--AKRBAEBKRKRBAE 646
0. sativa 319 - = = = = = = = MEIRIRDEKE - - = = = = = = = = = = = RIIVELRTLGNTIR 337
H. sapiens 673 PR T rjarveimr|Elpr x L k[K|a[EK[awk[EsS[sk[RlraapxpremED 712
REII : RE K EK E DS R : : :

Figure 3A (continued). For figure legend, see page 253.

binds to the central region of eIF4G via its HEAT domain and it
also binds to its C-terminal domain.?® Similarly in yeast it has been
shown that elF4G and eIF4A physically associate and this association
is required for translation and is essential for yeast cell viability.3°
The binding site for elF4E in human elF4G has been reported
previously®!32 and the alignment of the human and PfelF4G shows
that this site in PfelF4G is between amino acid 464 to 473 and these
amino acids are present in the middle domain of PfelF4G.

It is interesting to note that P falciparum contains only one PABP,
which is localized in the cytoplasm and as reported earlier evolution-
arily PfPABP is closer to PABP from L. major.> Multiple PABPs,

both nuclear and cytoplasmic have been reported in human.?? It
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has been reported previously that the amino acid sequences of the
PABP-binding site in eIF4G are not conserved between yeast®! and
human.3? The interaction between PABP and elF4G is conserved in
many species and this interaction can be imparted to RRM 1 and 2
of PABP33 Previously it has been reported that the interaction
of eIF4G with PABP requires RRM1 and 2 in animal and yeast
systems>3234 but in wheat PABP RRM1 was sufficient to interact
with elF4G.?> The structural modeling of PfPABP suggests that the
RRM1 and 2 are structurally conserved and PfPABP is also able to
interact with the middle and C-terminal domain of PfelF4G.
Opverall in this study we have reported the bioinformatics charac-
terization of important components of translation initiation complex

2009; Vol. 2 Issue 3
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Figure 3A (continued). For figure legend, see page 253.

elF4F and PABP from P. falciparum. We have shown that the scaf-
fold protein PfelF4G contains the characteristic features for binding
to PfelF4E, PfelF4A (PfH45) and PfPABP and thus provides the

assembly platform for the components of the initiation complex.

In order to control malaria, it is essential to understand the basic

biology of malaria parasite. Therefore this study makes an important

valuable contribution towards better understanding of the function

of main components of one of the basic metabolic pathways, the

translation, in the malaria parasite.
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Figure 5A. For figure legend see page 258.

www.landesbioscience.com

Communicative & Integrative Biology

255



eIF4F components and PABP from Plasmodium falciparum

faloiparum
berghei

annulaca

. parvum

. bombe

satava
sapiens

faloiparum
berghei
annulata
parvum

. pombe

sativa
sapiens

faloiparum
berghei
annulata
Dparvum

. pombe

sataiva
sapiens

faloiparum
berghei
annulata
parvum
pombe
sativa
sapiens

faloiparum
berghei
annulata
parvum

. Dombe

satava
sapiens

faloiparum
berghei
annulata
Darvum
pombe
sativa
sapiens

faloiparum
berghei
annulata

. parvum

pombe
sataiva
sapiens

211
211
221
z08
79
236
209

19
276
249

3ze
297
273
2903
3z
288
281

168

273
313
331
288
261

408

273
326
Ex3 )
1]
261

sz
319
9z

[ s I R s

=]

HoE Mmoo X

ClE G EEEEIEEE]

[=]
mom oo m

Mo om oMo s M
HoWok oo e
mo Mmoo

zlz[elill o

[

o

00

momYaa s s
MW e P E R

LI L L T
e -

HER R NN
oD MM N
oW bm s

S

"Mo=
=

[0}

a:nnugxxutacnxusru
o

DAETE

N
T

AlE|- - I

G 3AEREKD|E

N A
A B

ITE|EKDE

o

-~

epcap 8
CESTE 8
------- D
vg--- F
————————— E
--------- E
————————— I E
TPNILYVCRAQE
LYIKHELDD|s o|-
LYIKNLDDS of-
LYIKNLDDS o
LE¥[vlEwi|a[p s E
:.:xu:.n]z )
LE[L[RELDDS oD
rxxruzoo|Tjzoo
LYIENLDDS DD

] I

m

EEEEE R
IR B
CRCC I
M MO o mom

EC R I ]
ol [ ol o o o o

rierpee PR
L

L
2]

HEMEPag=Ee
mmE[pimmnl'!
Mo M E e
I I

w
Oig|o g o o w

mnmnmn]ﬂn

"

o oM

B

mlm mmme oo
D Mo oo

W

oA

H o R WM N
moE0 o R s

i

HEHAHE N
g mmMmpom

= I | ] - -
o mMmoooooo

oM oo

o

o omoH NN

L3
w w

(Y]

zas
318
273
Zas

za7
27

272
270
330
287

367
334
272
312
330
287
280

407
364

72

323
330
287
280

4437
404
303
360
381
318
91

486
443
342
ER
400
338
329

Figure 5A (continued). For figure legend see page 258.
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Figure 5A (continued). For figure legend see page 258.
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Figure 5. (A) Comparison of amino acid sequences of P. falciparum PABP protein (PlasmoDB No. PFL1170w; GenBank accession No. EF116593) with
other PABP from Plasmodium berghei (XP_677383), Theileria annulata (CAI73150), Cryptosporidium parvum (CAD98589), Schizosaccharomyces pombe
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(B) Phylogenetic guide tree using Clustal W program based on the multiple alignment. A value of 0.1 corresponds to a difference of 10% between two

sequences.
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Figure 6. (A) Comparison of amino acid sequence of P. falciparum (PlasmoDB no. PFL1170w, GenBank accession number EF116593) and human PABP
(GenBank accession number CAl 12298). The RNA recognition motifs (RRM) 1-2, 3 and 4 have been highlighted with green, blue and orange color
respectively. (b) Three-dimensional models for human PABP and various fragments of PfPABP were created as described in text. The structures have been
displayed using the same program as described in legend to Figure 1B. (B) (i)-(iii) Show the modeled structure of human (in yellow) and PfPABP (in green
from amino acid 1-180), PfPABP (in blue from amino acid 1-264) and PfPABP (in orange from amino acid 1-531) respectively.
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elF4A
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Figure 7. (A) Schematic diagram showing the interaction of various components (elF4E, elF4G and PABP) with the N-terminal, Middle and C-terminal domains
of elF4G. (B) Schematic diagram of translation initiation complex in P. falciparum. The name and PlasmoDB number of each component is written.
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