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Abstract 
Small nuclear Ribonucleo Protein F (snRNP F) is a spliceosomal protein that binds with U1, U2, U4/U6 and U5 

small nuclear RNA (snRNA) to form spliceosomal complexes responsible for pre mRNA processing. This study reports 

the unusual interaction of giardial snRNP F with small nucleolar RNAs (snoRNA) that are responsible for pre rRNA 

processing. Electrophoretic Mobility Shift Assay was used to demonstrate the interaction of this protein with U3 and U14 

class snoRNA of the early branching eukaryote Giardia lamblia. It was also evident from our study that snRNP F in 

Giardia is evolutionary distinct from its other eukaryotic orthologues. 
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1. Introduction 
snRNP F belongs to a large family of Sm and Sm-like (LSm) proteins that have the conserved Sm motif (Hermann 

et al, 1995; Seraphin 1995). In eukaryotes the splicing of pre mRNA is carried out by the small nuclear Ribonucleo 

protein (snRNP) complexes U1, U2, U4/U6 and U5 (Burge et al, 1999; Yu et al, 1999). Each spliceosomal snRNPs 

consists of one snRNA (U1, U2, U4/U6 and U5) and proteins that are classified in two groups: the specific proteins that 

associate only with certain snRNP particle and seven Sm proteins (B/B’, D1, D2, D3, E, F and G) that are common to 

each particle (Hermann et al, 1995). snRNP F along with six other Sm proteins assemble in a stepwise manner onto the 

single stranded Sm site element of the U1,U2, U4/U6 and U5 spliceosomal snRNAs, resulting in a doughnut shaped core 

RNP structure (Raker et al, 1999). 

snoRNAs are a group of small non-coding RNAs (sncRNAs) that are known to be involved in the processing of pre 

rRNA or any other aspect of ribosome biogenesis (Maxwell et al, 1995; Gerbi 1995; Sollner-Webb et al, 1995). The 

snoRNAs are broadly categorised into two classes, C/D and H/ACA, based on the presence of conserved domains and 

their functional differences (Bachellerie et al, 1995; Cavallie et al, 1996; Kiss-Laszlo et al, 1996; Ganot et al 1997; Ni et 

al, 1997). U3 class of snoRNAs are characterized by the presence of two conserved C’ & D boxes (Speckmann et al, 

1999) and are involved in site-specific cleavage of pre rRNA (Clery et al, 2007). U14 class of snoRNAs has A and B 

conserved domains, along with the C and D conserved sequences (Jarmolowski et al, 1990; Huang et al, 1992) and are 

reported to function in the early cleavage of eukaryotic pre rRNA. It has been shown that in S.cereisiae inactivation of 

U14 snoRNA disrupts cleavage, leading to the formation of a 20S precursor RNA, instead of 18S RNA (Zagorski et al, 

1988; Li et al, 1990). In Giardia lamblia U3 and U14 class of snoRNAs are represented by RNA H and RNA J 

respectively (Niu et al, 1994).  

A 107 amino acid long putative orthologue of snRNP F protein has already been reported in Giardia 

(GL50803_4954). Our study shows that snRNP F (which normally associates with spliceosomal snRNAs in eukaryotes) 

of Giardia is evolutionary distinct from its other eukaryotic orthologues and binds with both RNA H and RNA J of the 

organism. Till date binding of snRNP F with any snoRNAs of eukaryotes is unreported. 

 

2. Materials and Methods 
According to previous reports, the Sm proteins are known to be evolutionary conserved throughout a diverse group 

of organism (Hermann et al, 1995). Sets of amino acid sequences of snRNP F from both distant and closely related 

organism of Giardia lamblia was obtained from NCBI database and aligned using MEGA4 software (Tamura et al, 

2007) by CLUSTAL W method to examine the evolutionary position of this giardial protein. Phylogenetic tree was 

constructed separately using the alignment with two different methods (PhyML/Blosum62 model/aLRT validation & 

BioNJ/Poisson distribution model/ Bootstrap with 1000 replicates) using SeaView Graphical Representation Ver. 4 

software.  

To study the interaction of this evolutionary distinct snRNP F of Giardia with its snoRNAs, RNA J and RNA H, the 

genes were cloned in pET 33b and pGEM 4z vectors (see supplementary file for the details of plasmid construction and 

expression of snRNP F in E.coli).  For expression of snRNP F, the transformed E.coli Bl21 cells were induced with 1mM 

IPTG at 25
o
C for 5 hrs when most of the protein was found in the soluble fraction. The expressed protein was purified by 

Ni-NTA Superflo. 
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Interaction of the protein snRNPF with the snoRNAs was studied in vitro, by Electrophoretic Mobility Shift Assay 

(EMSA). Fluorescein labled, in vitro transcribed RNA J and RNA H were prepared by using T7 Maxiscript kit (Ambion) 

following the manufacturer’s protocol. They were separately incubated for 30 mins at 0
o
C with 2 µg of recombinant 

giardial snRNP F protein in a 20 µl binding reaction that contained binding buffer (10 mM Hepes-KOH, pH 8.0, 10% 

glycerol, 0.05% NP40, 1 mM EDTA, pH 8.0, 0.5 mM DTT, 10 mM KCl nad 5mM MgCl2). After incubation, samples 

were electrophoresed on a 5% native PAGE (Acrylamide: Bis acrylamide, 29:1) in TAE buffer at 100 Volts at a 

temperature of 4
o
C.  

 

3. Results and Discussion 
In the phylogenetic analysis, every tree showed similar Clustal distribution. Data obtained from each tree were 

combined manually to create a single tree where both the bootstrap values are placed beside the clusters (Figure 1). All 

the closely related organisms are distinctly placed within single clusters, whereas Giardia remained separated even from 

close organisms such as Toxoplasma, Entamoeba, Trypanosoma etc, thus confirming its evolutionary distance from other 

organism depending on this particular protein. It may be a reason for its functional dissimilarity towards binding with 

both the U3 and U14 class snoRNAs. 

The E.coli BL21 cells containing the recombinant pET 33b plasmid with the snRNP F gene insert was induced with 

1 mM IPTG at 25
o
C for 5 hrs when the maximum protein was obtained in the soluble fraction. The crude soluble fraction 

of the protein was loaded into Ni
2+

 binding resin column. After unbound proteins were washed away, the target protein 

was recovered by eluting it with elution buffer containing 200 mM imidazole.  

In the EMSA study, shift in bands corresponding to RNA J and RNA H bound snRNP F in the native PAGE clearly 

suggests the interaction of this protein with U3 and U14 class snoRNAs (Figure 2) which are involved in the processing 

of pre rRNA. 

 

 
Figure 1. Phylogenetic tree showing clustal distribution using the alignment with two different methods 

(PhyML/Blosum62 model/aLRT validation & BioNJ/Poisson distribution model/ Bootstrap with 1000 replicates) using 

SeaView Graphical Representation Ver. 4 software and were manually merged to get this tree. Both the aLRT and 

Boostrap validation are given on the either side of the branch. The branch lengths are arbitrary and do not represents any 

evolutionary distances. 
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Figure 2. Electrophoteric Mobility Shift Assay (EMSA) to show snRNP F of Giardia lamblia binds with U3 and U14 

class snoRNA. Lane 1: RNA J (U14); Lane 2: RNA J+snRNP F; Lane 3: RNA J+Fibrillarin (positive control, as 

fibrillarin is reported to bind with this RNA); Lane 4: RNA H (U3); Lane 5: RNA H+snRNP F; Lane 6: RNA 

H+Fibrillarin (positive control, as fibrillarin is reported to bind with this RNA); Lane 7: RNA J+BSA (negative control 

as BSA is not reported to bind with this RNA); Lane 8: RNA H+BSA (negative control as BSA is not reported to bind 

with this RNA). There is shift in bands in the lanes 2, 3, 5 and lane 6 from that in lanes 1 and 4 suggesting that snRNP F 

and fibrillarin (positive control protein) of Giardia lamblia binds with both the RNAs in vitro. 

 

4. Conclusion 

snRNP F usually binds with U1, U2, U4/U6 and U5 snRNA in eukaryotes to form the spliceosomal complex 

involved in pre-mRNA processing. In this study we have shown that the protein in Giardia is evolutionary distinct from 

its other eukaryotic orthologues and binds with both U3 and U14 class of snoRNAs that are involved in pre rRNA 

processing.  

 

5. Acknowledgements 
This study was jointly supported by grants from 1. National Institute of Infectious Diseases, Japan 2. Okayama 

University Program of Founding Research Centre for Emerging and Re-emerging Infectious Disease, Ministry of 

Education, Culture, Sports, Science and Technology of Japan 3. Indian Council of Medical Research, India & 3. 

Department of Science and Technology, India. The authors also thank University Grant Commission, India, Council of 

Scientific and Industrial Research, India and Indian Council of Medical Research, India for providing fellowship to DR, 

SK and KD respectively during the study period and Mrs. Debarati Ganguly of Calcutta University for her help in 

English language correction. 

 

References 

Bachellerie JP, Michot B, Nicoloso M, Balakin A, Ni J and Fournier MJ. (1995) Antisense snoRNAs: A family of 

nucleolar RNAs with long complementaries to rRNA. Trends Biochem Sci. 20, pp. 261-264. 

Burge CB, Tuschl T and Sharp PA. (1999). Splicing of precursors to mRNAs by the spliceosomes. In: Gesteland RF, 

Cech TR and Atkins JF (Ed): The RNA World, 2
nd

 edn. pp. 525-560. Cold Spring Harbor Laboratory Press: Cold Spring 

Harbor, New York. 

Cavallie J, Nicoloso M and Bachellerie JP. (1996). Targeted ribose methylation of RNA in vivo directed by tailored 

antisense RNA guides. Nature. 383, pp. 732-735 

Clery A, Senty-Ségault V, Leclerc F, Raué A and Branlant C. (2007). Analysis of sequence and structural features that 

identify the B/C motif of U3 small nucleolar RNA as the recognition site for the Snu13p-Rrp9p protein. Mol Cell Biol. 

27, pp. 1191-1206. 

Ganot P, Bortolin ML and Kiss T. (1997). Site specific pseudouridine formation in pre-ribosomal RNA is guided by small 

nucleolar RNAs. Cell. 89, pp. 799-809. 

Gerbi SA. (1995). Small nucleolar RNA.  Biochem. Cell. Biol. 73, pp. 845-858. 

Hermann H, Fabrizio P, Raker VA, Foulaki K, Hornig H, Brahms H and Lührmann R. (1995). snRNP Sm proteins share 

two evolutionarily conserved sequence motifs which are involved in Sm protein-protein interactions. EMBO J, 14, pp. 

2076-2088. 

Huang GM., Jarmolowski A, Struck JC and Fournier MJ. (1992). Accumulation of U14 small nuclear RNA in 

Saccharomyces cerevisiae requires box C, box D, and a 5', 3' terminal stem. Mol. Cell Biol. 12, pp 4456-4463. 

http://mcb.asm.org/search?author1=A+Jarmolowski&sortspec=date&submit=Submit
http://mcb.asm.org/search?author1=J+C+Struck&sortspec=date&submit=Submit
http://mcb.asm.org/search?author1=M+J+Fournier&sortspec=date&submit=Submit


G.J.B.A.H.S.,Vol.2(3):178-184 (July – September, 2013)                      ISSN: 2319 – 5584   

   181 

Jarmolowski A, Zagorski J, Li HV and Fournier MJ. (1990). Identification of essential elements in U14 RNA of 

Saccharomyces cerevisiae. EMBO J. 9, pp. 4503-4509. 

Kiss-Laszlo Z, Henry Y, Bachellerie JP, Caizergues-Ferrer M and Kiss T. (1996). Site-specific ribose methylation of 

preribosomal RNA: A novel function of small nucleolar RNAs. Cell. 85, pp 1077-1088. 

Li HD, Zagorski J and Fournier MJ. (1990). Depletion of U14 small nuclear RNA (snR128) disrupts production of 18S 

rRNA in Saccharomyces cerevisiae. Mol. Cell Biol. 10, pp. 1145-1152. 

Maxwell ES and Fournier MJ (1995). The small nucleolar RNAs. Annu. Rev. Biochem. 35, pp 897-934. 

Ni J, Tien AL, and Fournier M. (1997). Small nucleolar RNAs direct site-specific synthesis of pseudouridine in ribosomal 

RNA. Cell. 89, pp. 565-573. 

Niu XH, Hartshorne T, He XY and Agabian N. (1994). Characterization of small nuclear RNAs from Giardia lamblia. 

Mol. Biochem. Parasitol. 66, pp. 49-57. 

Raker VA, Hartmuth K, Kastner B and Lührmann R. (1999). Spliceosomal U snRNP core assembly: Sm proteins 

assemble onto an Sm site RNA nonanucleotide in a specific and thermodynamically stable manner. Mol Cell Biol. 19, pp. 

6554–6565. 

Seraphin B. (1995). Sm and Sm-like proteins belong to a large family: identification of proteins of the U6 as well as the 

U1, U2, U4 and U5 snRNPs. EMBO J, 14, pp. 2089-2098. 

Sollner-Webb B, Tycowski KT and Steitz JA. (1995). Riosomal RNA: Structure, Evolution, Gene Expresion and 

Function in Protein Synthesis. In: Zimmermann, R.A. and Dahlberg, A.E. (Ed). CRC Press, Boca Raton, FL. pp. 469-

490. 

Speckmann W, Narayanan A, Terns R and Terns MP (1999). Nuclear retention elements of U3 small nucleolar RNA. 

Mol Cell Biol. 19, pp. 8412-8421. 

Tamura K, Dudley J, Nei M and Kumar S. (2007). MEGA4: Molecular Evolutionary Genetics Analysis (MEGA) software 

version 4.0. Mol Biol Evol. 24(8), Pp. 1596-1599. 

Yu YT, Scharl EC, Smith CM and Steitz JA. (1999). The growing world of small nuclear ribonucleoproteins. In: 

Gesteland RF, Cech TR and Atkins JF (editors): The RNA World, 2
nd

 edn. pp. 525-560. Cold Spring Harbor Laboratory 

Press: Cold Spring Harbor, New York. 

Zagorski J, Tollervey D and Fournier MJ. (1988). Characterization of an SNR gene locus in Saccharomyces cerevisiae 

that specifies both dispensible and essential small nuclear RNAs. Mol. Cell Biol. 8, pp. 3282-3290. 

 

Annexure: 

 
 



G.J.B.A.H.S.,Vol.2(3):178-184 (July – September, 2013)                      ISSN: 2319 – 5584   

   182 

 

 
 

 



G.J.B.A.H.S.,Vol.2(3):178-184 (July – September, 2013)                      ISSN: 2319 – 5584   

   183 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



G.J.B.A.H.S.,Vol.2(3):178-184 (July – September, 2013)                      ISSN: 2319 – 5584   

   184 

 

 


