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ABSTRACT

A partial cDNA containing putative conserved sequence of ribosome-
inactivating proteinswas primed from Celosia crigtata leaf cDNA population
and its structure was compared with that of RNA-binding proteinsby using
bioinformatics tools. As an initial report, the significant homology was
identified between the primary and tertiary structures of the isolated RIP
domain containing cDNA fragment and RBP. Based on the structural
homology resultsaswell asthefunctional similarity between RIP and RBP
in relation to RNA molecule processing and translational gene regulation
and inhibition, it was proposed that RIPs may be a specific group of RBPs
which target 23s ribosomal RNA and inhibit tranglation process possibly
through the overlapping mechanismsor by exhibiting the different mode of
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actions but with the same outcomes.

The amplified cDNA sequence was submitted to EMBL databases under

accession number HF562933.

INTRODUCTION

In eukaryotes, transcription and transl ation pro-
cessesare highly controlled by RNA-binding proteins
(RBP). Theseproteinsinfluenceevery aspectsof RNA
metabolismincluding premRNA splicing, mRNA traf-
ficking, stability anditstrand ationto protein. Besides
these, therearemany RBP that areassociated with other
classes of RNA such as SnRNAZ,

RBP bind RNA moleculeswith different RNA-se-
quencespecificitiesand affinities. They usudly exhibita
high degree of modularity and repeated domainsat their
gructura level and so crestetheRNA-binding and func-
tiond diversity withinthe RBPsuper-family. All of the
RNA-RNP interactions are found to be moreimpor-
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tant to cell physiology and biologicd situations®.

Trandationa regulation system usualy providesa
rapid mechanismto control cell physiology during dif-
ferent stages of devel opment or inresponseto various
environmenta cues. Tradingtrandatiionwith RNA-bind-
ing proteinsthat globally modify thetrand ational effi-
ciency is remarkable in eukaryotic cellg*4, Recent
progresson trandationd control highlightsthecomplexity
and versatility of regulation by RNA-binding proteins.
Multi-step overlapping mechanismsare often used to
keep thetrand ation process silenced.

Keeping thisinview, many plantscontain proteins
that are ableto inactivate ribosomes and accordingly
arecalled ribosome-inactivating proteins (RIP). It has
been found that RIPs are RNA N-glycosidases that
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inactivate ribosomesand so inhibit trand ation process
through asite-specific deadenylation of thelargeribo-
somal RNABE, They arealso knowntointeract with
different typesof RNA moleculesrather than riboso-
mal RNA, Different enzymatic and biologicd activi-
tieshave been attributed to plant RIP&9. |n addition,
intensive effortsare going to provideastructura basis
for the known and presumed activities of these pro-
teins. For example: Based ontheavailabledata, site-
specific RNA N-glycosidase activity toward rRNA,
polynucl eotide:adenosine glycosi dae activity toward
tRNA and viral RNA, polynucleotide:guanosine
glycosidaeactivity toward rRNA and theenzymaticri-
bonucleaseactivity of ribosome-inactivating proteinsare
reported” All of these activities share RNA-binding
propertiesof RIPthat isof interest.

Our aimwasto unravel thestructures, RNA-bind-
ing propertiesand the mechanism of action of the plant
RIPsand comparethemto the structuresand themode
of action of the RBP super-family withregardto trans-
lationd regulationandinhibition. To datemoredifferent
classes of RNA-binding proteinsare known-4, But,
itiscertainthat many of them till remain to be charac-
terized. Thusfar, severd methods have been devel oped
toidentify the RBP and therelated RNA molecules™
171, Among these methods, bioi nformatics approaches
aswell asthereverse genetic approachesare used as
smpleand very easy methodstoidentify theRBPand
their target RNA molecules®®.,

Inthe present work, asapart of our studiesusing
an specific priming procedure and performing smple
bioinformaticsandysswe proposethat RIParediffer-
ent group of RBP that bind specifically to ribosomal
RNA and regul ate trand ational gene expression pro-
Cess.

MATERIALSAND METHODS

Bacterial strainsand chemicals

E. coli strain DH50 was used for bacterial trans-
formation. Plasmid vector pPGEM-T easy (Cat. no.
A1360; Promega) was used for PCR product cloning.
Trizol reagent (Cat. no. RN7713C; RNX™:; CinnaGen)
wasused for total RNA isolation. mRNA purification
kit wasprovided by QIAGEN, USA (Cat. N0.70022).
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AcessQuick™ RT-PCR System was purchased from
Promega (Cat. no. A1701). Fermentas DNA extrac-
tionkit (Cat. no. K0O513) wasused for the purification
of the PCR product from the agarose gel. All of the
other chemicals used in this research work were of
molecular biology grades.

Plant materials

The seedsof Celosia cristatawerefrom our labo-
ratory stock. Test plantswere alowed to grow under
normal laboratory conditions. Experimental materials
were collected from leaf tissuesand proceeded for the
RNA isolation step and RT-PCR reactions.

Total RNA isolation and mRNA purification

Total cellular RNA was separately isolated from
theleavesof test plant using Trizol reagent. About 0.2 g
of leaf materid wasfinepowdered usingliquid N, and
2ml of Trizol reagent was added to homogenizeit at
room temperature (RT). 200 ul of chloroform was
added to the mixture, mixed for 15 second, incubated
onicefor 5minand centrifuged at 13000g for 15 min.
The upper phase wastransferred to another tubeand
RNA was preci pitated with an equal volume of isopro-
panol. The pellet waswashed in 1 ml of 75% ethanal,
dried at RT and dissolved in 30 ul RNase-free water.
Theintegrity of the RNA wastested on 1% non-dena-
turing agarosegel using TBE running buffer. Poly (A*)
RNA waspurified fromtotal RNA using oligo dT-col-
umns according to the provided kit protocol. Thein-
tegrity of thepurified MRNA wasa so andyzed by elec-
trophoresisusing 1% non-denaturing agarosegel. The
quantity of theRNA in the starting materidsfor the next
experimentswas measured spectrophotometrical [y,

Primer designingand RT-PCR amplification

Specificdegenerateprimer (5 TNC/AC/TC/AATT/
CCAAAT/GGGTTGCA/TGAAGCAGCTCGA 3)for
theamplification were designed based on the putative
activedteof ribosome-inactivating proteins.

For priming thecDNA fragment, RT-PCR reaction
was performed using one-step A cessQuick™ RT-PCR
System (Cat. no. A1701; Promega). For this, about
0.5 ng of mMRNA samplewasmixed with 25 ul Master
Mix (2x) and 1 ul of correspondent primer set. The
mixtureswere adjusted to afina volumeof 50 ul using
nuclease-free water. Thereaction mixtureswereincu-
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bated at 45°C for 45 min and proceeded with PCR
cycling. PCRwas carried out after apre-denaturation
stageat 95°C for 3minutesin 25 cycles. The PCR step
was performed under thefollowing cycling program:
denaturation a 94°C for 1 min, annealing at 60°Cfor 2
min, and extension at 72°C for 2 min. Inthe next step,
theamplified product was extracted from the agarose
gel, cloned in pGEM-T easy cloning vector!*¥. The
cloned fragment proceeded for the sequencing in
Microsynth DNA sequencing center at Switzerland.

Computational analysis

Thenucleotide and deduced amino acid sequences
of theisolated cDNA wereanalyzed by BLAST (Basic
Loca Alignment Search Tool) server of NCBI at http:/
Mww.ncbi.nim.blast.com/. Conserved domainswere
identified usingthe NCBI conserved domain architec-
tureretrievd tool (CDART). Sequencedignmentswere
generated by CLUSTALW software at http://
www.genome.,jp/ and Expasy proteomictoolsat http:/
ww.expasy.org/tool /. Tertiary structure predictions
were madeusinginternet-based Phyrev 2.0 server

RESULTS

Priming of RIP cDNA sequence

TocdoneacDNA fragment containingtheconserved
ribosome-inactivating site, RT-PCR reaction was per-
formedlinearly from Cedosiacristataleaf cDNA popu-
lation using adegenerate oligonucleotidedesigned from
the conserved active sequence (AIQMVAEAAR) of the
plant RIPs. Thissequenceorder isthe highly conserved
region among all the plantsribosome-inactivating pro-
teins. Our comparative sequence andysison different
RIPcDNAsrevededthat thisstehasmoregreater ho-
mol ogy thantheother partswhich showsabout 15-30%
homol ogy scores (sequence aignment resultsnot pre-
sented). Analysis of the RT-PCR end product on 1%
agarosege reved ed adetectableamplified bond having
molecular size of about 250 bp (Figure 1). For further
confirmation, theamplified cDNA wasdoned on pGEM-
T easy vector and followed by nucl eotide sequencing.

Bioinformaticsanalysis

Primary structureanalysisof theisolated clone
Sequenceanaysisof theamplified fragment from

Celosia cristata leaves showed that it is 267 bp in
length and containsthe conserved peptideof RIPs(Fig-
urel). By using CDART (conserved domain architec-
ture tool) at NCBI site, the sequence order
“VAEAARHPER” was detected to be the homol ogue
of the putative active site peptide of theplant RIPsin
theisolated cDNA.

P M B e s GTTGCAGAAGCA GCTCGACACCCA
GAACGCCCAGAC CCTCACCCAGGC
e r p d P h p g d p Vv r
CGCCGGCRCCTA CGCGGGCACCTT CGGCGCCGACAC
F E H 1 r g h 1 &
GCGCCTCGACTT CTTCCAGCTGCG GTCCGGATTCGT
a p r 1 1 p a a r I r g
GAGCGATTACGG CCTCTACCTCAA CGGCCTGCAGCT
g r 1 r p 1 p g © p a a
CCTGAACTACGG CTTCGCCTACAG CCGCGTGGACAC
p & 1 r 1 r 1 g P r g h
GTTCGGGCTGGA GCGGATCGAGCT GCTTCTGCRACC
r a g a d r a a s a t

ATTTGGATTATS RARTCACTAGTG AAT------—- 3!

I w t m k 5 1 v P
Figurel: Analysisof RT-PCR end product. L eft: thepres-
enceand thesize of theamplified cDNA fragment wereana-
lyzed on 1% agarosegel. M: EcoRI and Hindl I doubledi-
gested lambda DNA marker ; P: product of RT-PCR reaction.
Right: thenucleotide and deduced amino acid sequences of
theisolated RIP peptide containing cONA ispresented. The
highlighted conserved RI P sequenceispredicted by CDART
server at NCBI.

In addition to the existence of conserved RIP mo-
tif, our BLAST search dataa so revealed that theiso-
lated cDNA hasgot cons derabl e sequence homol ogy
with RNA-binding proteins (RBP). The homol ogous
regionswere detected to belocated at the both termini
of Oryza sativa RNA-binding protein (Figure 2a). The
putative RNA-binding site(RBS) / RNA recognition
motif (RRM) of O. sativa RNA-binding proteinisde-
tected to belocated at the N-terminus part whilethe
other conserved peptideswere predicted to belocated
at the C-termina position of thisprotein (Figure 2a).
The protein domain/ motif predictionswere made by
CDART tool at NCBI. CLASTALW sequence com-
parison results between the homol ogous parts of the
isolated Celosia cDNA and O. sativa RBP showed
that the cloned cDNA ismore homologueto the car-
boxyl terminusof Oryza RNA-binding protein (Figure
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b and ¢). Thehomology scoresat theN and C-termini
werefound to be about 23 % and 29 %, respectively.

ar

JRTP conserved active sequence M
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Figure2: Compar ativeanalysisof RIP and RBP sequences.
a) Conserved regionsof CdosaRIP cDNA and O. sativa RBP
(acc. no. NP_001054414) sequences detected by CDART
server. The overlapping regions were highlighted, b) Se-
guencehomology between Ceosia RIP cDNA and theN-ter-
minusregion of Oryza RBP performed by CLASTALW, ¢)
Sequencecompar ison between Celosia RIP cDNA and theC-
terminusregion of Oryza RBP performed by CLASTALW.

Sequencealignment between RIP and RBP

By usinginternet-available CLASTALW software,
the putative amino acid sequence of theisolated cDNA
fragment of Celosiawasaligned with the RNA-bind-
ing protein sequencesfrom different organismsinclud-
ing Physcomitrella patens (acc. no. XP_001769794),
Sdagindlamodlendorffii (acc. no. XP_002985933),
Ricinus communis (acc. no. XP_002513413),
Populus trichocarpa (acc. no. XP_002317618),
Arabidopsislyrata (acc. no. XP_002892916), Oryza
sativa (acc. no. NP_001054414), Saccoglossus
kowalevskii (acc. no. XP_002732284), Ixodes
scapularis(acc. no. XP_002406762), Brugia malayi
(acc. no. XP_001902324). This sequence alignment
result furthermore highlighted that the predicted ribo-
some-binding site of theisolated fragment ishomol o-
goustotheRNA recognition motif of the RBP (Figure
3). Thedignment result clearly showed that thereisno
additiona homol ogousregion betweenthemultiplepro-

—— Regdular Peper

tein sequences, except for the known RIP and RBP
sites. Anaysisof the phylogenetictreea so revealed
that Cdosiafragmentissmilar totheRBP of different
organismshaving different evolutionary pathways(Fig-
ured4). Theaverages of the similarity scoresin each
evolutionary pathway are shown on the phylogenetic
graph.

Comparison of Tertiary structures

To help understand more about the homol ogy be-
tween the RIP and RBP proteins, their tertiary struc-
tureswere predicted and compared to each other. For
the better comparison, thelikely threedimensiona struc-
tureof afull-length RIP protein from Beta vulgaris(acc.
no. 3421353E) was predicted using theinternet-based
Phyrev 2.0 server and compared to thesimilarly pre-
dicted RBP 3D structurefrom Oryza sativa (acc. no.
NP_001054414) (Figure5). The best templates for
thequerieswerefound to be theplant ribosomeinacti-
vating protein (PDB Id: d1j1qga) and RNA / export factor
binding protein (PDB ID: c2f3jA), respectively. Our
comparative observation result showed that thefour-
stranded beta-sheet package of the RNA recognition
motif in RBP proteinishomol ogueto the beta-stranded
region of RIP protein. Detailed comparison of these
regions showed that the s zes, patternsand the orienta-
tions of the beta-strands are similar between two pro-
teins(Figure5). Inthishomol ogousregion the Beta-
strands are | ocated between two short Alpha-helixes
that arewd | detectableand highlighted onthefigure.

DISCUSSION

Inorder to clonethe RIPcDNA fragment, we chose
Celosia plant asexperimental materia becauseof its
high potential to exhibit RIP activity!2Y, Celosia
cristataisan ornamentd plant belongingtothefamily
of Amaranthaceae, and itsleaf extract hasdready been
shown to contain two growth dependent ribosome-in-
activating proteins (RIP; namely CCP-25 and CCP-
27)9, Besidesthis, onesmall fragment containing pu-
tative active site of plant RIPs has a so been cloned
fromtheleavesof thisplant and exhibited strong antivi-
ral activity towardstobacco mosaic virus(TMV),

Our BLAST search dataaswell asthe sequence
alignment result and phyl ogenetic graph revea ed that
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sults supported the presence of agood enough homol-

mology with RNA-binding protei ns. Theobtainedre-  ogy between RIP and RBP sequences, asthe overall
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Figure3: Sequenceahgnment between RIPand RBPs. Alignment of deduced amino acid sequence of CelosaRIPcDNA with
the RBP sequencesfrom different or ganismswer eperformed using CLASTALW. 1: Physcomitrella patens (XP_001769794);
2: Selaginella moellendorffii (XP_002985933); 3: Ricinus communis (XP_002513413), 4: Populus trichocarpa
(XP_002317618); 5: Arabidopsislyrata (XP_002892916); 6: Oryza sativa (NP_001054414); 7: Saccoglossus kowalevskii
(XP_002732284); 8: 1xodes scapularis (XP_002406762); 9: Brugia malayi (XP_001902324); 10: Celosia cristata.
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sequences milarity scoresamong different RIPs/ RBPs
have been observed to be very low (about 15-30 %),
except intheregion that correspondsto the proposed
conserved RNA / ribosome-binding siteswith aho-
mology score of about 60 %.

ne [Physcomiirella

— Selaginella

— Ricitnus
‘ — Populus
Arabidopsis

Oryza

= —I: Saccoglossus
Lk Izodes

— Brugia

24 %

25%

22 %

Celosia

Figure 4 : Analysisof the phylogenetic tree. The phyloge-
netictreeof theisolated RIP and RBP proteinsfrom different
organismswerepredicted by CLASTALW software. Theav-
eragesof thesimilarity scoresin each evolutionary pathway
areshown.

Figure5: 3D Sructureprediction and compar ativeanalyss.
Thethreedimensional structuresof an RIP protein from Beta
wulgaris(acc. no. 3421353E) and RBP from O. sativa (acc. no.
NP_001054414) wer epredicted based on thecrystal struc-
turesof aplant RIP (PDB I D: c3h4zc) and RNA / export factor
binding protein (PDB I D: c2f3jA) by usngonlinePhyrev 2.0
sever. The Overlapping regionsar ehighlighted.

Onthebases of thetertiary structural comparison
result betweentypica RRM and RIPdomains, we pre-
dicted awell homol ogous part between RNA-binding

—— Regdular Peper

and Ribosome-inactivating protein families. Usually,
identification of proteinswith homologoustertiary struc-
turescan providethe strong cluesabout their possible
overlgpping functionsand mechanismsof action. There-
fore, our question now isthat whether the understand-
ing thelikely structures of RIP and RBP enable usto
compare and proposethe potentid smilaritieswithre-
gard to their mechanismsof action? It isto our knowl-
edgethat RRM (RNA recognition motif), asoknown
asRBD (RNA binding domain) or RNP (ribonucle-
oprotein domain), isahighly abundant domainin eu-
karyotesfound in proteinsinvolved in post-transcrip-
tiond gene expression processesincludingmRNA and
rRNA processing, RNA export, and RNA stability?3.
Thisdomainis90 amino acidsinlength and consists of
afour-stranded beta-sheet packed against two alpha
helices. RRM usualy interactswith ssSRNA, butisalso
knowntointeract with sSDNA aswell asproteins.
Ontheother hand, Ribosome-inactivatingdomain
isfound inatypical plant protein family called ribo-
some-inactivating proteins (RIP). Theseproteinsare
known to be RNA N-glycos dasesthat inactivateribo-
somesthrough asite-specific deadenylation of thelarge
ribosoma RNA. They make susceptibleribosomesim-
pairedintrandationa € ongation processesandso are
agroup of trandational inhibitorg?*4, It has become
evident that RIP are a so capable of inactivating many
non-ribosomal nucleic acid substrates and hence has
got polynucl eotide:adenosineglycos dase activity to-
wards non-ribosoma RNA and DNA molecules®7.
Asafirst report, by using sequence priming and
simplebioinformaticsandysistools, we suggested that
thereisastructural homology between ribosome-inac-
tivating and RNA-binding proteins. Since these two
proteinfamiliesinteract withthestructura ly smilar sub-
sratesand they may possessthesimilar functiona pro-
cessincludingtheRNA cleavageandtrandationa inhi-
bition, thereforetheir structural / functional homol ogy
could be expectable. In thisregard, the one explana-
tionisthat RBP and RIP usethe overlapping mecha-
nismstoinfluencether homologoussubstrates. Besdes
this, they can exhibit the different mode of actionsbut
with the same outcomesthat may depend on the bind-
Ing context and the composition of the ribonucleo-pro-
tein particleat thetimeof binding. Therefore, itisrec-
ommended to be much learned about the understand-
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ing on how RBP and RIP affect ribonucleic acidsand
ribosomal scanning and trand ational process. It needs
to beidentified that whether they sharetheir mecha-
nism of actionsor not? The multi-step mechanisms of
RNA moleculeshinding, their processing and tranda
tionispredicted to be shared between RNA-binding
and ribosome-inactivating proteins(Figure 6).

?

RBP RIP

MRNA

|

Translational
Inhibition
Figure 6 : Schematic representation of similar functional
outcomesbetween RIPand RBP.

Despiteour initid report, themoreresearch onthese
aspectswill help usto understand about the mol ecular
structuresand thefunctionsof RBPand RIPinthebio-
logica sysemsinthefutureinvestigations.
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