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 Resumo 

 

As RNA helicases parte da família das proteínas DEAD-box estão presentes em todos os organismos 

eucarióticos, em bactérias e até em alguns vírus. O motivo II ao qual faz parte a sequência DEAD de 

aminoácidos e a partir do qual esta família de proteínas foi baptizada, está altamente conservada 

executando um papel importante no metabolismo do RNA desde a transcrição até à degradação. Esta 

família de proteínas mostrou-se capaz de abrir hélices de RNA, remodelar RNP e também de 

funcionar como chaperonas de RNA in vitro. Contudo, a especificidade e a regulação enzimática in 

vivo são parcialmente desconhecidas. São enzimas dependentes da presença de ATP para ligarem 

ao RNA, assim como ATPases dependentes de RNA. Na Saccharomyces cerevisae existem 25 tipos 

diferentes de proteínas DEAD-box, a maior parte essenciais e raramente insubstituíveis. 

 

Neste trabalho a helicase modelo é a Ded1. Esta possui uma das maiores actividades enzimáticas 

conhecidas dentro da família. É uma proteína essencial na levedura e tem como sua homóloga 

funcional nos humanos a DDX3. Este homólogo está envolvido na replicação viral, oncogénese e 

também desempenha um papel fundamental no desenvolvimento e regulação do ciclo celular. 

 

Este trabalho tenta perceber quais são os factores proteicos que interagem fisicamente com a Ded1. 

Factores de interesse como a proteína Npl3 e a Yra1, foram clonados na Escherichia coli através de 

um vector de expressão proteica, pET. De seguida, as proteínas foram expressas e purificadas numa 

coluna de níquel-agarose e então foi testada a interacção física através da coimunoprecipitação 

usando IgG anti-Ded1. Além disso, foi testada na Ded1 a actividade ATPase dependente de RNA e a 

influência de outros factores proteicos na sua actividade. Proteínas como Nab2, Cbp20 e eIF4G2, 

previamente purificadas e disponíveis no laboratório são alguns exemplos. Alguns dos testes de 

actividade foram efectuados com dois mutantes da Ded1, o DQAD e DAAD. Estes, estão mutados na 

região chave desta família de proteínas. O uso destes mutantes para as experiências ATPase da 

Ded1 ajudaram a perceber o quão importante é a região para a ligação dos nucleótidos e também 

como é afectada a afinidade do RNA após a alteração de conformação resultante da ligação do 

nucleótido. 

 

Por fim, tanto a Ded1 como os seus mutantes foram analisados quanto à capacidade de se ligarem 

ao RNA através de um “gel shift assay”. Tentou-se perceber como a actividade ATPase dá uma 

propriedade dinâmica à enzima, e como esta consegue ligar-se, remodelar-se e libertar o RNA 

múltiplas vezes ao hidrolisar ATP, ou um dos seus análogos.  

 

Palavras-Chave: Dead-box, Ded1, Npl3, Yra1, helicase 
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 Abstract 

 

 

RNA helicases of the DEAD-box family are present in all eukaryotic cells and in many bacteria, archea 

and even in some viruses. The motif II, which the amino acid sequence DEAD is part of, and where 

the generic name of DEAD-box proteins come from is highly conserved and  are required for RNA 

metabolism, from transcription to degradation. These proteins therefore important players in gene 

expression. They have been shown to unwind RNA duplexes, remodel RNPs and function as RNA 

chaperones in vitro. However, the specificity and enzymatic regulation in vivo are unknown. They are 

ATP-dependent RNA binding proteins and RNA dependent ATPases. The yeast Saccharomyces 

cerevisae has 25 different DEAD-box proteins, most of them essential and rarely interchangeable. 

 

 

The Ded1 is the helicase used on this work as a model system. It has one of the highest enzymatic 

activities known for this protein family. It is an essential yeast protein which has DDX3 as its functional 

homolog in humans. This homologue is known to be involved in viral replication, oncogenesis as well 

as, in the participation of the development and cell cycle regulation. 

 

 

This work focus in understanding which protein factors are physically linked to Ded1. Factors of 

interest, Npl3 and Yra1 proteins, were cloned into Escherichia coli expression vectors, pET, the 

proteins were expressed, purified on a nickel-agarose column and tested for physical IgG anti-Ded1 

pull downs. Also the ATPase RNA dependent enzymatic activity of Ded1 was analyzed together with 

its protein factors. Other factors, like Nab2, Cbp20 and eIF4G2, already purified and available in the 

laboratory were also tested for the interaction. In addition, some ATPase activities tests were done 

with DQAD and DAAD mutants of the Ded1 protein in its key region. This helped to understand how 

important is this region for the NTP binding affinity and how the conformational change that occurs 

upon nucleotide binding affects the affinity for RNA. 

 

Finally, experiments were performed to lock Ded1 and its mutants on the RNA by using an 

electrophoretic mobility shift assay. We’ll try to understand how the ATPase activity of the enzymes 

give them a dynamic property, where they can bind, remodel and release an RNA multiples times by 

binding and hydrolyzing ATP, or some of its analogues. 

 

 

Key Words: Dead-box, Ded1, Npl3, Yra1, helicase, ATP-dependent 
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1 Introduction 

 

 

1.1. Helicases 

 

Helicases are a ubiquitous group of enzymes that use in a dependent manner the energy of a  

nucleoside triphosphate (NTP) to  hydrolyze or catalyze the separation of double stranded nucleic 

acids (dsNA) which are  substrates for numeral cellular reactions. Consequently, these enzymes are 

involved in essentially every step in DNA and RNA metabolism, including replication, DNA repair, 

recombination, transcription, translation, chromatic rearrangement, ribosome synthesis, RNA 

maturation and splicing, nuclear export and Holyday junction.  

Helicases was a term given by (Gorbalyena et al., 1988). They were firstly identified as proteins that 

could separate double stranded nucleic acids and later a categorization of the proteins by sequencing 

and structural homology classified them into superfamilies (SF). However, only a subset of these 

enzymes has dsNA unwinding activity. Some helicases have been shown to be translocases, 

including PcrA (Dilingham 2002), NS3 (Rajagopal et al. 2010), or  UvrD (Tomko et al. 2007). However, 

not all translocases have helicase activity, like EcoR124I (Seidel et al. 2008) or SWI/SNF (Zhang et al. 

2006), and not all helicases have translocase activity, like Ded1 for example (Walker et al. 1982). 

Therefore, not all proteins possesses of the helicase motifs, and not all helicase with the core structure 

are helicases, are able to unwind dsDNA or dsRNA in an ATP dependent manner. Also several 

studies have shown that helicases may exert other roles, such as acting as RNA chaperones, 

RNPases or as RNP remodelling proteins within macromolecular complexes (Linder, P. et al., 2001). 

Of the conserved sequence motifs, only the Walker A and B motifs are common to all helicases 

(Walker J.E. et al. 1982). These are involved in NTP binding and hydrolysis. SF 1 and SF2 are the 

largest of the superfamilies and their conserved motifs are similar. Most SF contain a single RecA-like 

domain and they function generally as hexamers. SF1 and SF2 contain two, tandemly-linked RecA 

domains and generally function as monomers. 

 

 

1.2. Superfamily 2 of helicases 

 

SF2 is the largest and most varied of the helicase superfamilies (Byrd and Raney, 2012). It has been 

further divided into families including RecQ-like, Snf2, type I restriction enzyme, RIG-I-like, DEAH/RHA 

and DEAD-box families, for example, based on sequence homology. SF2 helicases are involved in 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775597/#R15
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775597/#R16
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transcription, DNA repair, and chromatin rearrangement (Bennet R.J and Keck J.L, 2004; Fuller-Pace, 

2008) and all aspects of RNA metabolism (Jankowsky, E. and Fairman, M.E. 2007). Since SF2 

helicases function in diverse parts of nucleic acid metabolism, defects are associated with a variety of 

diseases including predisposition to cancer, premature aging, immunodeficiency, and mental 

retardation (Brabant et al. 2010). 

 

Fig. 23-1 Classification of helicases. Superfamilies and families are represented as circles. Diameter of circles roughly 

represents the size of the families and the distance represents their relatedness. 

Source: Cordin, O. Characterization of the Q-motif of the DEAD-box RNA helicases 

 

 

1.3. DEAD-box family 

 

The DEAD-box family is part of SF2. This protein family is a widely dispersed one found in all the 3 

domains of life from most of the prokaryotes to all the eukaryotes. This family was first described in the 

late 80’s when alignments based on eight proteins homologous to the yeast eIF4A (translation 

initiation factor) highlighted the presence of several conserved motifs and residues (Linder et al., 

1989). The amino acid composition of motif II gave the name to the family (D-E-A-D, Aspargine-

Glutamine-Alanine-Aspargine). The DEAD-box protein family is composed by thousands of members 

that appear to be a key component of life. They are characterized by nine conserved motifs Q, I, Ia, 

GG, Ib, II, III, IV, QxxR, V and VI known to be the regions implicated in RNA binding and hydrolysis, in 

nucleic acid duplex-binding and unwinding activities. Motifs I and II, also known as Walker A and B 

motifs (Walker, 1982) are found in nearly all NTPases and NTP binding proteins (Gorbalyena et al., 

1988). The Walker A motif coordinates the phosphates of a bound nucleotide, while the Walker B motif 

interacts with the phosphates through a coordinated Mg2+ (Caruthers J.M. and McKay, D.B. 2002). 

Among the other motifs Motifs Ia, GG, Ib, IV, QxxR and V are thought to participate in nucleic acid 

substrate binding while motifs III links the cooperative binding of the ATP and RNA ligands which 

subsequently promotes de ATPase activity of the protein in association with motifs II and VI. They 

might be the responsible to convert the energy released by NTP hydrolysis into the driving force for 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3775597/#R29


21 
 

nucleic acid duplexes unwinding (Banroques, J. et al 2011). Thus, DEAD-box proteins are ATP-

dependent RNA-binding proteins and RNA-dependent ATPases (Tanner, N.K. et al., 2013). In 

addition, a number of proteins studied in vitro were shown to unwind short RNA-RNA and RNA-DNA 

duplexes, but generally only at very high protein to substrate ratios. Typically, the proteins require a 

single-stranded region to load on the substrate prior to the displacement reaction, but this region can 

be either 5’ or 3’ to the duplex. Hence, most DEAD-box proteins lack directionality, and subsequently 

they are not processive. 

 

 

 

These proteins are thought to be the key regulator in a number of biological processes, but the actual 

roles are unclear. In prokaryotes and eukaryotes, transcription, splicing, ribosomal biogenesis, RNA 

export, translation and RNA decay are some of the roles known. Also these proteins are thought to 

have other cellular roles, such as helicases to disrupt  RNA secondary structures and as chaperones 

to help form functional RNAs and as RNPases, to facilitate the remodeling of ribonucleoprotein (RNP) 

complexes. However, the majority of the proteins that are tested in vitro lack substrate specificity and 

enzymatic regulation. This implies that the specificity and regulation are conferred by protein cofactors 

in vivo. Indeed, it is known that the intrinsically poor ATPase activity of Dbp5 (DDX19A, human 

homologue), which is needed for messenger RNA (mRNA) export from the nucleus. 

 

 

 

Fig. 1-2. Cellular processes involving DEAD box proteins in a human cell. RNA helicases of this family are involved in 

various steps in RNA metabolism. In the nucleous, these include ribosome biogenesis, transcription and pre-mRNA 

splicing. In the cytoplasm, in processes like micro RNA processing and protein translation. 

Source: Linder, P. et al 2001 

 

 

The cofactors can function as on and off switches to control the enzymatic activities of the DEAD-box 

proteins. In contrast, little is known about how the substrate specificity is conferred. 
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1.4. Protein cofactors involved in RNA export from nucleus to cytoplasm 

 

Before messenger RNA transcripts are exported from the nucleous, they must first be extensively 

processed. Each of these processing events, including addition of a 5’-cap, the splicing out of introns, 

3’-end cleavage, polyadenylation as well as mRNA export itself, is tightly regulated allowing for 

plasticity in modulating gene expression. (Moore, M.J. 2005). The complex regulatory system that 

dictates when and where a gene is expressed is controlled not only by a complicated series of 

transcriptional regulators but also by equally elaborated network of RNA-binding proteins that 

associate with mRNA transcript during the post-transcriptional events. Each of these proteins dictate 

the fate of each transcript. 

Many of these proteins are involved in mRNA biogenesis are highly conserved from yeast to higher 

eukaryotes. In Saccharomyces cerevisiae, the primary mRNA export factor, Mex67 and Mtr2 appear 

to be recruited to the carboxyl-terminal domain of RNA polymerase, and in higher eukaryotes, the 

orthologues, TAP and NXF1, happens from the N-terminal. (Kelly, S.M. and Corbett, A.H. 2009) 

  

  

 

During transcription and before mRNA export, adaptor proteins are deposited along nascent 

transcripts. Recent studies have shown that multi-protein complex, termed transcription and export 

(TREX) complex determinates the efficiency of the mRNA export from the nucleous. In S. cerevisae 

TREX complex consists mainly in a multi-protein complex where Sub2 and Yra1 are part of. Sub2 and 

his mammalian orthologue UAP56 are ATP-dependent helicases that function in splicing and export. 

(Jensen et al., 2001). Yra1, or Aly/REF in eukaryotes is implicated in pre-mRNA metabolism (Portman 

et al., 1997) and mRNA export (Stasser, K. and Hurt, E. 2000). 

Hpr1 is a protein from the complex THO from S. cerevisae and is recruited to be used as an adaptor 

protein to Sub2 to help in the mRNA export.  THO complex can be co-purified with both Yra1 and 

Sub2, although Yra1 does not interact directly with the complex. This situation suggests that the 

interaction is bridged by Sub2. Yra1 may serve as an adaptor protein to Mex67 (Portman et al., 1997). 

Sub2 and Mex67, both interact with the same domain of Yra1 suggesting these interactions are 

mutually exclusive. (Kelly, S.M. and Corbett, A.H. 2009) 
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Fig. 1-3. Schematic illustration of the possible mechanism for recruitment of the S. cerevisae mRNA export receptor, 

Mex67, to mRNA transcripts. A, Is the representation of the classical model of Mex67 recruitment. B, the revised 

classical model of Mex67 recruitment. In A, Yra1 was recruited to transcripts directly via THO components and Sub2. 

 

 

Other factor involved in the export of RNA is Npl3. It’s an essencial serine-arginine rich (SR) protein 

that is co-transcriptionally loaded onto nascent transcripts and required to proper nuclear export of 

poly(A) (Wilson, S.M. et al., 1994). Interestingly Npl3 plays roles in both polyadenylation site and early 

recruit of spliceossome proteins to intron-containing transcripts, suggesting that these processes could 

be coupled by Mex67 (Kress, T.L. et al. 2008). Although localized at the steady-state in the nucleous, 

Npl3 has been shown to shuttle between nucleous and cytoplasm (Pinol-Roma and Dreyfuss, 1992) 

and this ability to shuttle is dependent on the presence of polymerase II activity. Furthermore the 

ability to move between these two parts of the cells appears to be important for its function, because 

strains carrying a mutation in the essencial linking parts of Npl3 makes it temperature a sensitive cell. 

(Shen, E. et al., 2000). Cells bearing npl3 mutants alleles accumulate poly(A) RNA in their nuclei at 

the nonpermissive temperature, consistent in mRNA export. (Shen, E. et al., 2000) 

 

 

Throughout the RNA export processes, associated to the Npl3 is also the cap-binding complex (CBC). 

This complex is composed by cap-binding protein 20 and 80 (Cbp20 and Cbp80). These proteins were 

found to bind capped RNA, suggesting that a complex of the two proteins is required for binding of the 

cap (Izaurralde, E. 1994). Although 5’-cap structure is not required for a successful export it has been 

shown to enhance the rate of exportation from nucleous.  
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Fig. 1-4.  Model for the interaction between the CBC complex and Npl3 in the transportation of RNA 

Source: Shen, E. et al, 2010 

A strain carrying null alleles of both cbp genes is viable (Fortes, P. et al., 1999). But when combined 

with certain temperature-sensitive npl3 mutations, are dead. CBP20 and CBP80 share a genetic 

relationship with Npl3 suggesting that these RNA-binding proteins may work together to promote the 

export of mRNAs. (Shen, E. et al., 2000) The interaction between these 3 proteins was also found to 

be sensitive to RNAse treatment, suggesting that capped RNA is needed. 

 

 

 

Fig. 1-5. Molecular displacements that occur in the course of mRNA export in S. cerevisae  

Source: Kelly and Corbett, 2009 

Nab2 is a polyadenosine binding protein found in the nucleous that is also involved in regulating 

polyadenylation of mRNAs and in mRNA export. This protein showed to bind specifically 

polyadenylated RNA in vitro (Kelly, S.M. et al., 2007) and Nab2 mutants showed nuclear accumulation 

of bulky poly(A) RNA (Soucek, S. et al., 2012). 
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1.5. The Ded1 protein  

Ded1 was originally considered as a general translation initiation factor that was needed to promote 

43S ribosome scanning by disrupting RNA secondary structures in the 5’ UTRs (Chuang, R.Y. et al., 

1997). Later work indicated that Ded1 associated with the 43S ribosome late during translation 

initiation to promote scanning of mRNAs with long, structured, 5’ UTRs and formation of the 48S 

ribosome (Berthlock, K. et al., 2004). Ded1 has been considered a bifunctional protein that enhances 

translation initiation but at the same time can repress translation by promoting the sequestering of 

mRNPs in P-bodies, a process that, like for DDX3X, is independent of the ATPase activity of Ded1 

(Beckam et al., 2008). Others have found that Ded1 interacts early with eIF4G to assemble the mRNP 

translation initiation complex, which accumulates in stress granules (Hilliker et al., 2011). Thereby, 

Ded1 can function as a repressor of translation by forming mRNPs stalled in translation initiation and 

as an activator by releasing the stalled mRNPs from the stress granules in an ATP-dependent fashion. 

Ded1 has been implicated in transcription and splicing as well (Tardiff et al., 2007). Other  experiments 

indicate that Ded1 associates with the cap complexes of a subset of mRNPs very early in the life of 

the mRNAs in the nucleus, and that these mRNPs are subsequently exported to the cytoplasm. Thus, 

the remodeling of the CBC complex into the eIF4F initiation complex would require a substantial 

amount of energy that could be provided through the ATPase activity of Ded1 (Senissar, M. et al., 

2014).  

There is evidence that the role of Ded1 in the regulation of gene expression of a subset of proteins 

that are probably involved in controlling the cellular response to the growth conditions and in 

regulating the cell cycle. Ded1 may associate with specific mRNAs linked with these proteins and 

mark them for processing, export, translation, storage or degradation (Senissar, M. et al., 2014). 

Since Ded1 shares the path where many cofactors that play an essential role in mRNA processes, is 

very reasonable to admit, that Ded1 and these proteins might have some interactions. For example, 

Ded1 was shown to physically interact with purified components of the nuclear CBC and the 

cytoplasmic eIF4F complexes, and its enzymatic activity is stimulated by these factors. (Senissar, M. 

et al.  2014). Also, interactions with Nab2, Pab1 and Gle1 where proven in the same work.  

 

 

1.6. The  scop of the work 

 

This thesis work is concentrated on studying Ded1 da Sacharomyces cerevisae , which has one of the 

highest DEAD-box protein activities (Banroques, J,. et al., 2011). Ded1 was first isolated as an 

essential domain in the chromosomal region encoding the HIS3 gene and it was later found as an 

extragenic suppressor of a prp8 mutation (Jamieson D.J. et al., 1991). Subsequently, Ded1 was 

implicated in the transcription of polymerase III RNAs, as a general translation-initiation factor 

(Chuang, R.Y. et al., 1997), in 40S ribosome scanning (Berthlock, K. et al., 2004), in yeast L-A virus 
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replication (Chong, J.L. et al., 2004) and finally in processing body (P-body) formation and RNA 

degradation (Beckam et al., 2008). Ded1 is closely related to a subfamily of DEAD-box proteins that 

are involved in developmental and cell cycle regulation. Various  genetic, physical and enzymatic 

approaches are made to isolate and characterize potential partners of Ded1. The objective is to better 

understand the role(s) Ded1 plays in the cell, how its enzymatic activity is regulated and how the 

substrate specificity is determined. The Ded1 is physically and genetically associated with protein 

factors that are found on the 5’- cap structures of both nuclear and cytoplasmic RNP complexes, and 

that Ded1 actively shuttles between the two cellular compartments (Senissar, M. et al., 2014). These 

cofactors stimulate the RNA-dependent ATPase activity of Ded1, which indicated that the interactions 

with other proteins are functionally important. Finally Ded1 is associated primarily with stable RNPs 

that are not actively engaged in translation. This latter observation suggests that Ded1 might function 

to regulate RNP remodeling and thereby regulate genetic expression. 

 

 

After the expression and purification of proteins such as Ded1, Npl3 and Yra1, techniques like 

coimmunoprecipitation were used to find out what other nuclear factors are associated with Ded1 and 

how they might influence the activity of the protein. The RNA-dependent ATPase activity of Ded1 was 

studied, under the influence of these nuclear factors and finally, the protein was studied by using an 

Electrophoetic mobility shift assay technique, in order to understand how the ATP-dependent RNA 

substrate binding is affected by the presence of NTP analogues. 
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2 Materials and Methods 

2.1. Equipment and Materials 

2.1.1. LB medium  

 

The LB medium was already prepared and autoclaved ready to be used. LB is composed of the 

following elements in the indicated concentration: 5 g/L yeast extract, 10g/L tryptone, 10 g/L NaCl. 

 

2.1.2. Super Optimal Broth with catabolite repression (SOC)  medium  

 

SOC is a variation of Super Optimal Broth (SOB) medium with additional glucose that I used in this 

work for the transformation of the E.coli strains. It has the following composition: 20 g/L Peptone from 

casein, 5 g/L yeast extract, 10 mM NaCl 10 mM, 2.5 mM KCl, 10 mM MgCl2  mM, 10 mM MgSO4, 20 

mM Glucose. 

 

 

2.2. Plasmid preparation and strain transformation 

In order to express the proteins of interest in E. coli, were used the variations of pET (Novagen) 

vector. The genes of interest, like npl3, were cloned in the pET plasmids under the control of a strong, 

T7 bacteriophage transcription promoter. The expression was controled by providing a T7 RNA 

polymerase promoter in the host cell. T7 RNA polymerase is very selective and active that, when fully 

induced, almost all of the cell’s resources are converted to target gene expression. Although this 

system is extremely powerful, it is also possible to attenuate expression levels simply by lowering the 

concentration of inducer or the temperature on which the cell expresses the protein after the induction. 

Decreasing the expression level may enhance the soluble yield of some target proteins. Another 

important benefit of this system is its ability to maintain target genes transcriptionally silent in the 

uninduced state. Target genes are initially cloned using hosts that do not contain the T7 RNA 

polymerase gene, thus eliminating plasmid instability due to the production of proteins potentially toxic 

to the host cell. In this case, expression is induced by the addition of IPTG to the bacterial culture at 

T=24ºC.  
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Table 4-1. Information relative to the pET vectors used for protein expression 

Plasmid Promoter Inducer Resistant Mark His Tag Proteins expressed 

pET 15b 
  

Ampicillin N-Terminal Npl3 

pET 19b T7 IPTG and N-Ternimal Yra1 

pET 22b 
  

Chloramphenicol C-Terminal Ded1 

 

2.2.1. Digestion of the pET vector 

 

After knowing the DNA sequence of the protein intended to express, two restriction cutting sites were 

carefully chosen. Then the pET vector reacted under the following conditions and restriction enzymes: 

15 μl of pET vector, 6 μl of CutSmart Tpx10 (50mM Potassium acetate, 20mM Tris-acetate, 10mM 

Magnesium acetate, 100ug/ul BSA, pH7.9) buffer, 3 μl of each of the restriction enzymes NdeI and 

XhoI at 20 U/μl, and then bringing the total volume to 60 μl with water. After 2 hours at T=36°C the 

digestion was stopped, and then 15 μl of BlueGlycerol was added to make the proteins. 

2.2.2. Verification of the digestion 

 

To verify the success of the digestion and to purify the digested vector, the fragments were checked to 

see if the fragments digested corresponded to the predicted size on an agarose gel.  

I used a 1% agarose gel. I added 2 g of agarose in 200 ml of TBE buffer (108g Tris base 

55g Boric acid, 40 ml of 0.5M pH 8.0 EDTA, in 1 L of water) and heated until dissolved. Then, 12 μl of 

ethidium bromide was added, and the still liquid gel was poured into the mold. A comb was added to 

form the wells while the gel cooled and solidified. 

After adding the samples in the wells and running the gel for about 30 min at V =120 V, the digested 

DNA was visualized under a U.V. light using a BioRad Molecular Imager Gel Doc XR System and 

compared with the migration of the fragments of a λ (DNA Lambda) PST molecular marker. 

2.2.3. Excision of the digested fragment 

 

After confirming the correct digestion of the pET vector, the DNA was recovered from the agarose gel 

by following the protocol of the purification kit (PCR clean-up Gel extraction, Macherey Nagel). For 

each 100 mg of excised gel, 200 μl of NTI buffer was added and mixture was heated at 50°C for about 

10 min to dissolve the agarose gel. Then the liquid resulting was added to a column-eppendorf 

provided by the purification KIT (Kit Macherey Nagel), and it was centrifuged at 13.5k rpm for 30 sec. 

Then, 700 μl of NT3 buffer was added to the column-eppendorf and it was centrifuged twice under the 
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same conditions as before. The purified DNA was recovered from the column membrane by adding 40 

μl of NE buffer, letting stand for 1 min and then centrifuging for 1 min at 13.5k rpm to elute the DNA. 

After this excision step, the size of the DNA purified is again verified using an agarose gel. 

2.2.4. PCR amplification of Yra1 XhoI-NdeI 

 

PCR amplifion of the ORF using different oligonucleotides for Yra1 as template. The oligonucleotides 

used have XhoI and NdeI sites, with or without Stop codon (see table 1-1). In three different PCR 

tubes, were mixed 3 μl of Yra1/pRS314 DNA, 3 μl of 100 pmol Yra1up and Yra1down 

oligonucleotides, 3 μl of 10 mM dNTPs, 15 μl of Tp pfux10, 3 μl PFU DNA polymerase enzyme and 

120 μl of water. 

The PCR annealing conditions were calculated according to the duplex stability of the oligonucleotides 

using a software (Oligo4, Molecular Biology Insights, Inc.). The following condition was then used for 

the PCR reactions: initial denaturation 2 min, 92°C; denaturation 0.5 min, 92 °C; annealing 1 min, 

52°C; extension 2 min, 72°C; final extension 10 min, 72°C for 30 cycles. After the PCR was finished 

the three tubes were combined and 5 μl + 5 μl of Blueglycerol were taken with the objective of 

verifying the success of the PCR on an agarose gel. 

Npl3 and Ded1 DNA sequences didn’t need to be amplified by PCR. 

2.2.4.1. PCR clean-up 

 

After the successful PCR result, the PCR clean-up kit was used to purify the DNA. The protocol 

followed is the same as the one for the agarose gel DNA purification used before. 

2.2.5. Ligation of the Yra1 DNA sequence on the pET vector  

 

The DNA purified in the before was ligated both in a pET 19b and 22b. 

For both ligations, negative controls were done. For the reaction with each pET vector, it was used 3 

μl of pET already cut with NdeI and XhoI, 6 μl of Yra1 DNA sequence, 1 μl of ATP 0.1 M, 2 μl of Tp 

x10, 1.5 μl of ligase 1U/μl and 6.5 μl of water, making a total of 20 μl. For the negative control, 

everything was alike, except for the absence of Yra1 DNA fragment, so it had 14.5 μl of water. The 

ligation was done over night (O/N) at 18°C. 
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2.2.6. Transformation of the E. coli DH10B strain 

 

The E. coli DH10B is a very efficient competent kind of cell. They have a high efficiency of 

transformation with plasmids under 150k bp, which is the case of the pET vectors used. 

The competent cells were thawed and 3 μl of the ligations were added and the mixture stood on ice for 

30 min. After that, the cells were heat-shocked by putting the eppendorfs at 42°C for 2 minutes. Then, 

another 2 min on ice. And then the cells were recovered from the eppendorfs and transferred to a 

bigger tube with 1 ml of SOC where they stood on a agitator for 1 h and 37°C.  

The resulting cells were then spread on LB-Agar plates containing 0.1 mg/ml ampicillin, the resistance 

marker for the plasmids. The plates were incubated overnight at 37°C. The cells that contained the 

plasmid containing the resistance marker survived and formed colonies.  

Six different colonies from the positive plate were picked up and transferred to six different tubes 

containing 8 ml LB and 0.1 mg/ml of ampicillin. These cultures were left growing O/N at 37°C with an 

agitation of 160 rpm. In the next day each single culture was centrifuged in 2 ml eppendorf tubes. The 

pellet was then used to extract the plasmid with the NucleoBond™ PC100 kit. The purification followed 

the user manual of the kit (Macherey-Nagel, 2011).  

After having the plasmids purified from the six different colonies, it was needed to verify which of the 

colonies had the correct plasmid. The fact that they grew in an ampicillin medium was not enough 

because they could have the pET vector plasmid without the Yra1 insert. This digestion step requires 

3 μl of the previous purified plasmids plus 7 μl of a mixed solution. This solution is composed by 2 μl of 

20 U/μl NdeI, 2 μl of 20 U/μl XhoI, 7 μl of 10X CutSmart and 39 μl of water. Each tube was incubated 

for 2 h at 36°C. 

After confirming which colonies had the correct plasmid, the DNA was sent for sequencing to be sure 

that the PCR reaction did not create any mutations in the sequence. 

 

2.2.7. Electrotransformation of E. coli Rosetta strain 

 

After confirming the sequence of the ORF is correct, the E. coli Rosetta (Novagen) competent cells 

were transformed. This strain is a BL21 derivatives designed to enhance the expression of eukaryotic 

proteins that contain codons rarely used in E. coli. The original Rosetta strains supply tRNAs for the 

codons AUA, AGG, AGA, CUA, CCC, and GGA on a compatible chloramphenicol-resistant medium. 

By supplying rare codons, the Rosetta strains provide an “universal” translation, where translation 

would otherwise be limited by the codon usage of E. coli. Moreover, the T7 expression system relies 

on a strong gene  promoter of the T7 phage, which is only recognized by the RNA polymerase of the 

same phage.  
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The electrotransformation process with these cells consisted of adding 0.5 μl of the previously purified 

plasmids to 30 μl of competent cells, adding them to a metal cuvette that was placed between metal 

electrodes and then applying a brief current of 1.6 kV. After the electric shock, the cells were 

transferred into a tube containing 250 μl of SOC being incubated at 37°C for 1h. After this time, the 

suspension was spread in a plate containing LB+agar, ampicillin and chloramphenicol and then 

streaked out on the plate using small glass spheres. The culture, was incubated overnight at 37°C. 

2.3. Expression of the proteins 

 

In order to start the expression of the proteins of study, Ded1, Npl3 and Yra1, first the Rosetta cells 

were cultived overnight in a tube with 5 ml LB and 5 μl of ampillicin at 100mg/ml and chloramphenicol 

at 34 mg/ml at 30°C. After reaching an OD590 around 0.35 a sample of 2 ml was taken, centrifuged and 

the cell pellet was frozen at -20°C as a reference. After that the culture was induced with IPTG and 

after 3 h another sample of 2ml was taken. With these two samples, it was possible to verify the 

induction of our protein of interest by running an acrylamide gel. Knowing the size of the protein and 

comparing it with the molecular marker before starting the induction on a bigger vessel. If the induction 

was successfully, then we can start a larger culture. 

2.3.1. Verification of the protein expression 

 

To ensure the culture was being well induced and to make sure the protein being expressed was the 

protein intended, a 12%acrylamide gel was used to compare the protein expression of the culture 

before and after induction. Both pellets were mixed with 30 and 50 μl of 4X Laemmli buffer. After 

vortexing and making sure the pellet was all suspended the samples were sonicated using a sonicator 

(W- 375, Heat System-Ultrasonics, Inc.) Cells were sonicated four times for 20 seconds with a micro 

tip at 60% duty cycle and an output of 5. Cells were place on ice between sonications to prevent 

overheating. 

After the cells got disrupted, the samples were run on a gel to verify if the induction was performing 

well. 

2.3.2. Protein induction 

 

Since the culture medium grown overnight was saturated, the O.D. of this culture was measured using 

a 1/10 dilution and a wavelength of 590 nm. After measuring the O.D., I could calculate the amount of 

cells I needed to add to the larger culture (500 ml) to start with an OD of around 0.1. 

The vessel then is transferred to a shaker at 30°C and 170 rpm. The culture was left growing until it 

reached 0.45<O.D.<0.55 so there was time to have more than two generations of new cells. After the 

desired O.D. was reached, a sample of 2 ml was taken, centrifuged at 13.5k rpm and frozen at -20°C. 
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Also, at this point, the culture was ready for the induction step. The induction of the cells was done by 

adding IPTG to the culture making up a final concentration of 0.5 mM. After the induction step, the 

cultures were grown at 24°C for Npl3 and Yra1 and at 18°C for Ded1, this was done to avoid the 

formation of inclusion bodies that may appear if the protein was overproduced, thus making the 

purification step much harder and probably making Ded1 lose its activity due to incorrect folding. After 

2:30 h another sample of 2 ml was taken, centrifuged and the pellet frozen. 

After the induction, the culture was divided in two smaller centrifugation tubes proper to the JA-10 

rotor of a Beckman centrifuge, pre-cooled at 4°C. The centrifugation took 10 min at 6k rpm. The 

supernatant was discarded and the pellet frozen at -20°C. 

2.4.  Sonication and centrifugation of the proteins 

 

It was essential to keep the vials on ice during the whole experiment since the milling process inflicts 

an increase in temperature that can cause enzyme degradation 

In each tube, 5 ml of Lysis buffer was added that contained 100 μl of 50 μg/ml lysozyme and 200 μl of 

25X anti-protease. In addition it was essential to keep the tubes on ice during the whole experiment 

since a small increase of temperature could cause enzyme degradation. The cells were resuspended 

after 30 min on ice and mixed very carefully. The cells were sonicated for 20 sec four times with a duty 

cycle of 60 and an output of 5. If, after four cycles of sonication the mixture was still viscous and 

turbid, then it meant the cells were not completely disrupted. Right after the sonication finished, a 

sample of 2 ml was taken, centrifuged and frozen. That sample will be called tube 0. 

Then the sonicated broths were mixed in the same tube, and the extract was centrifuged (Servall) 

centrifuge for 30 min at 4°C rotating at 15k rpm. After the centrifugation was finished, a 2 ml sample 

was taken from the supernatant; that sample will be called tube 1. 

 

2.5. Purification  

 

For this step, since the DNA sequence was inserted in a pET vector, before or after an histidine tag, 

the technique used to purify the proteins of interest was by affinity chromatography using a nickel-

agarose column. 
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2.6. Preparation of the nickel column 

 
First, 2 ml of nickel-NTA agarose from QIAGEN resin was poured in the column. After the resin 

sedimented the tip of the column was opened so that the buffer would flow and the resin would settle. 

Once the buffer passed through the column, 5 ml of cold water was used to remove traces of the 

buffer. Then, 5 ml of 0.1 M NiSO4 was added to charge the resin with nickel and finally the resin was 

equilibrated with 5 ml of Lyse buffer composed of 20 mM TRIS-HCl, pH 7.5, 500 mM NaCl and 10 mM 

imidazole.  

Afterward, the supernatant resulted from the previous centrifugation was added to the column and the 

flow through collected in a tube. This tube was called tube 2. After all the supernatant was passed 

through the column, the resin was washed twice with 5 ml of a buffer composed of 20 mM TRIS-HCl, 

pH 7.5, 500 mM NaCl and 30 mM imidazole. The flow through from both washings was collected in 

tubes called tube 3 and 4, respectively. This wash buffer removed proteins without interest, 

contaminants that were nonspecifically bound on the resin, thus leaving only the proteins with a 

histidine tag. 

Finally, the column was washed with the elution buffer containing 20mM TRIS-HCl, pH 7.5, 500 mM 

NaCl, 150 mM imidazole. The high concentration of imidazole detached the histidine tagged proteins 

from the nickel bound resin. The elution flow trough was collected in 10 small 0.5 ml tubes. 

After the purification, two 12% acrylamide gels were used to determine which of the elution tubes 

contained the protein and which were more pure. The purest ones should show a clear band of 

proteins with the correct molecular weight, the less proteins with other sizes present, the better. The 

tubes containing the protein of interest were pooled. The tubes from 0 to 4 collected all through the 

purification step were also analyzed. 

 

2.7. Protein Quantification BioRad Method 

 

After the purification, it was necessary to verify the concentration of the proteins as all further 

experiments would rely on it. To measure the amount of protein present in the elution, it was used the 

BioRad Protein Assay dye. This assay is based on the Bradford method, and it involves the addition of 

an acidic dye to the solution and the subsequent measurement at 595 nm of absorbance with a 

spectrophotometer.  

To convert the OD measured from the samples to a concentration, a dilution series of a solution of 1 

mg/ml of BSA was made as a standard, ranging from 0 to 8 µg in 800ul. Then, 200 μl of BioRad dye 

was added. Following that, a linear regression using the Excel software was done, resulting the 

equation of the curve, needed to convert the OD of the eluted proteins into concentrations. 
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For each protein, it was taken three different volumes of eluted samples were taken, added 200 µl of 

BioRad dye and completing to 1 ml with water. The final concentration was an average of the three 

samples taking in account the volume of each. 

After analyzing which pools were purest and good to be used in further experiments, the tubes of the 

same pool were mixed, weighed and made 50% in glycerol (w/w). Proteins were stored at -80°C until 

needed. 

2.8. Coimmunoprecipitation 

 

Co-Immunoprecipitation (Co-IP) is one of the most widely used methods for antigen detection and 

purification. The principle of a Co-IP is very straightforward: an antibody (monoclonal or polyclonal) 

against Ded1 forms an immune complex with that target in a sample. The immune complex is then 

captured, or precipitated, on a beaded support to which an antibody-binding protein is immobilized, 

and any proteins not precipitated on the beads are washed away. Finally, the antigen is eluted from 

the support and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE). 

2.9. Preparation of the resin 

 

First, the resin was weighted and washed three times with water until hydrated. Then, the protein A 

sepharose was sedimented, a volume of resin was taken and mixed with three times the volume of 

pre-immune or anti-Ded1 serum. These tubes were mixed for 3 h using a wheel mixer. Then the resin 

was washed three times with 0.5 ml of PBSx1 buffer (137 mM of NaCl, 2.7 mM of KCl, 10 mM of 

Na2HPO4 and 2 mM of KH2PO4) at 4.8k rpm and 4°C, and finally washed again 3 times with CLBx1 

(10 mM of Na2HPO4, 2.5 mM of NaH2PO4, 100 mM of NaCl and 0.25 mM of EDTA) buffer under the 

same conditions. For the coupling step, the resin was separated in different eppendorfs containing 

each 15 μl of resin and 0.5 ml 1X CBL, previously diluted with glutaraldehyde, making a final 

concentration of 1%. After 1 h of agitation on the wheel and at 4°C the resin was again washed 3 

times with 0.5 ml 1X CBL and again three times with 0.5 ml of 1 X PBS. The resin is kept at 4°C with 

0.05% of sodium azide until needed. 

Before proceeding with the experiment, the resin, both the pre-immune and the anti-Ded1, were 

washed three times with 0.5 ml 1X PBS buffer and centrifuged at 4.8k rpm for 30 sec at 4°C. After 

washing, 10 ng of Ded1 protein was added and the solution mixed on the wheel mixer at 4°C for about 

1.5 h. After the coupling time, each tube was washed three times with 1X PBS to remove the proteins 

that were not coupled with the antigens. Then a second protein was added to determine its ability to 

interact with Ded1. After another 1.5 h mixing, the resin was washed to remove unbound proteins and 

finally the bound proteins were eluted. 

The elution step was done by adding 20 μl of 200 mM glycine, pH 2.5, and then vortexing several 

times at room temperature for around 5 min. Tubes were centrifuged, the supernatant containing the 
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detached proteins was recovered, the solution was neutralized by adding 5 μl of 1 M TRIS-HCl, pH 

8.8, and then 5 μl of 4X Laemmli buffer was added. The samples were loaded onto a 10% acrylamide 

gel that was electrophoresised for 40 min at 200 V. 

2.10. Ded1 ATPase activity 

 
The ATPase activity of Ded1 was measured by a colorimetric assay of the phosphate released upon 

hydrolysis of ATP that was based on malachite green. The activity is determined in the presence of 

Ded1 previously purified from E. coli, yeast total RNA and ATP, since Ded1 is a RNA dependent 

enzyme. 

For this experiment, six samples of 50 μl were taken, once every 10 min. Before the experiment 

started, the reaction solution was incubated for 5 min in a 30°C water bath. For seven reactions, the 

mix was composed of 35 μl of Ded1 diluted 750 times compared with all the solution, buffer (20 mM of 

TRIS-HCl pH 7.5, 50 mM of KOAc, 5 mM of MgOAc and 0.1 ug/μl of BSA, 5 μl of 0.1 M dithiothreitol 

(DTT), 5 μl of 24.2 μg/μl yeast total RNA, 35 μl of Ded1 (x10) protein completing a total of 315 μl 

with millipored water. The first point of the reaction, min 0, starts as soon as the 35 μl of ATP 10 mM 

is added to the reaction mix. So after adding the ATP the each tube was gently mixed and 50 μl 

sample quickly transferred to a microplate containing 7 μl of EDTA 500 mM every 10 min. The EDTA, 

being a chelating agent, captures the Mg
2+

 ion, essential to the good enzymatic function of Ded1, 

making the ATPase activity to stop. 

To study the influence of the other proteins on the Ded1 ATPase activity, 35 μl of those proteins were 

added to the solution 2.5 and 25 times more concentrated than the Ded1. 

At the end of the reactions, 150 μl of malachite green is added to each pool of the microplate. This 

compound gets different coloration of green depending on the phosphate concentration of the sample 

and the ATP keeps being hydrolyzed, making the crystals to aggregate and precipitate, so we have to 

read the plate within 5 min. 

To be able to compare the Ded1 rate of activity, a range of different phosphate concentration was 

made, ranging from 0 to 50 μM. After reading the OD630  both from the samples and the gamma of 

phosphate with the Tecan Infinite M200 Pro, the excel software was used to make a linear regression 

of the OD read in function of time. After having the equation of the curve from the gamma regression, 

it is possible to convert the regressions from the ATPase activities in velocity of reaction. 

 

2.11. EMSA 

 

In order to understand how the ATP-dependent RNA substrate binding is affected by different kinds of 

NTP an electrophoretic mobility shift assay (EMSA). On this technique it was used florescent RNA 

cys5 to detect where the binding is. The absorption spectrum of this fluorescent RNA coincide with the 
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visible spectrum, so all the steps, since the beginning to the end of the migration of the protein, was 

done without a light source and in dark eppendorfs.  

For each reaction tube it was used 2 μl buffer x10 (35 μl of KOAc 2M, 10 μl of BSA 10 mg/ml, 20 μl of 

Tris 1 M p.H. 7.5, 2 μl of MgOAc 1 M, making up a total of 33 μl with water), 2 μl of DTT 10mM, 2 μl of 

protein x10, 2 μl of cys5 RNA x10 and  2 μl of NTP  50mM making up a final volume of  20 μl with 

water. Each tube received a different concentration of protein, 500, 1500, 3000 and 6000 nM, which in 

the end, mixed with the rest of the solution would be ten times lower. After incubated on ice for 30 min, 

it was added to each tube 3 μl of a solution 50% glycerol+ 0.02% bromophenol.  

This gel where the experiment was done, was composed by 1 ml Tris 1.5M pH8.8, 1.5ml acrylamide 

40%, 7.5 ml of millipore water, 150ul APS 10% and 15ul TEMED. Before the mixtures were inserted in 

the gel, the gel needed to be pre-ran for 45 min at 70 V in a proper migration buffer, composed by 25 

mM of Tris-base and 190 mM of glycine. 

Each gel was loaded with 20 μl of sample per well in a room at 4ºC and in the absence of light. 
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3  Results 

 

In  this thesis work,  before starting to make the experiments involving the Ded1, and also its protein 

partners, Npl3 and Yra1, it was needed to clone the DNA  sequence on a pET vector, express the 

proteins in competent cells, extract and purify the proteins. 

Before starting to express the intended proteins in a big scale, an expression test was made to verify if 

the cells were correctly inducted and producing the supposed proteins. This analysis was done by 

comparing the expression of the cells before and after induction with  1 mM of IPTG. The gene is 

encoded under a bacteriophage T7 promoter that is used when the T7 polymerase is expressed by 

IPTG induction. Figure 3-1., 3-2. and 3-3. are the results of this analysis. 30 and 50 ul of Laemmli 

buffer x4 were mixed for the samples before and after induction respectively. 

 

3.1.  Protein expression under pET vector 

3.1.1. Ded1 expression 

 

 

 

Fig. 3-1 . Expression of Ded1 protein. The gel shows the proteins resulted from the cell extracts before (Î) and after the 
induction (I) left and right lane respectively. The gel, 10% acrylamide, was run for circa 45 min at 200 V. 15 μl of sample 
are present on each well. 
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3.1.2. Npl3 expression 

 

 

Fig. 3-2. Expression of Npl3 protein. The gel shows the proteins resulted from the cell extracts before (Î) and after the 
induction (I) left and right lane respectively 

 

3.1.3.  Yra1 expression 

 

Fig. 3-324. Expression of Yra1 protein. The gel shows the expression of the cells containing the pET 19b (first pair of 
lanes) and pET 22b (second pair of lanes). The inducted cell extracts (I) correspond to the right lane of each pair.  

 

By making a quick analysis to the expression gels, it was easy to notice the thicker bands correspond 

to the over expressed proteins. To be sure the proteins being expressed are the ones intended, their 

migration was compared with the one of the molecular weight marker, and therefore their size was 

confirmed. Since the gene sequences which produce these proteins are known, their molecular weight 

was calculated based on the aminoacids residue composition. Dead1 Npl3 and Yra1 weight 

respectively, 65,5, 45,4 and 23 kDa. 
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3.2. Purification of the expressed proteins 

 

After expressing, disrupting and centrifugation the cell debris, the supernatant resultant, containing the 

all the proteins inside the cells were purified using a Ni-NTA column. This strategy of purification was 

chosen since the proteins expressed by pET vectors contain a HIS tag, which has a good affinity with 

Ni making it easier to purify. The following figures show the results of the purification step for Npl3 

protein. The fact that Npl3 shows to have a size of 55 kDa may be justified by the distorcion present 

on the gel. 

3.2.1. Npl3 elution 

 

Fig. 3-425.  – The first gel  has 9 of the elutions of Npl3 made from the purification step. Each well has 10 ul of elution 

sample plus 5 μl of Laemmli buffer x4. On the right, the first lane corresponds to the tenth elution and the rest, from left 

to the right represent samples taken from: 0, broth after sonification; 1, supernatant resultant from centrifugation of 

cell debris; 2, first passage of supernatant on the Ni column; 3 and 4 first and second wash with washing buffer. 

After checking the the gels, it was determined that only the second and third elutions of Npl3 were 

worth to keep for further experiments. Thus, these two elutions were mixed in the same pool. The rest 

of the elutions, even though they were pure, they were not concentrated, they were to diluted to use. 

3.2.2. Ded1 elution 

The next Figure 3-5., it matches with the elution process of Ded1 protein.  

 

 

Fig. 3- 526. The first gel is composed by 9 of the elutions of Ded1 made from the purification step. Each well has 10 ul 

of elution sample plus 5 μl of Laemmli buffer x4. On the right, the first lane corresponds to the tenth elution and the 

rest, from left to the right represent samples taken from: 0, broth after sonification; 1, supernatant resultant from 
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centrifugation of cell debris; 2, first passage of supernatant on the Ni column; 3 and 4 first and second wash with 

washing buffer. 

In the case of Ded1 protein, the elutions found to be of good quality were the ones from the  third to 

the seventh. With this, two pools of the proteins were formed. The first one and the purest, containing 

the third and fourth elutions. The second pool containing the others. As we can see on the gel, some 

of the Ded1 protein was lost on the first passage in the column. 

3.2.3. Yra1 elution 

 

Finally, the elution results of Yra1 protein are shown in the Fig. 3-6. 

 

Fig. 3-627. The first gel is composed by 9 of the elutions of Yra1 made from the purification step. Each well has 10 μl of 

elution sample plus 5 μl of Laemmli buffer x4. On the right, the first lane corresponds to the tenth elution and the rest, 

from left to the right represent samples taken from: 0, broth after sonification; 1, supernatant resultant from 

centrifugation of cell debris; 2, first passage of supernatant on the Ni column; 3 and 4 first and second wash with 

washing buffer. 

 

For this protein, only one pool was made. This pool was composed by a mix from the fourth to the 

seventh elutions. As we can see not much of yra1 was lost during the purification process. 

 

3.3. Protein quantification: Bio Rad Method 

 

After selected the pools of interest, the protein concentration of each needed to be found. For that the 

BioRad Method (vide page 28) was used. The resulting calibration curve of this method is shown on 

the following figure. 
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Fig. 3-7. Calibration curve for the BioRad method. Each point refers to a rigorous concentration of BSA read with a 
wavelength of 595 nm. The r

2
=0,9992  

 

From this calibration curve is taken out the equation that reflects how the O.D varies with the variation 

of the BSA concentration. The equation is given by:  

 

                                                                         Equation 3-1 

 

With this equation, the quantification of any sample with proteins was easily made by having the O.D. 

of a sample and solving the equation in order to concentration. Table 3-2., shows the results of the 

quantification process. 

 

Table 3-5. Results of the protein quantification done using the Bio Rad method 

Protein Concentration (ug/μl) 

Ded1: Pool 1 0.35 

Ded1: Pool 2 0.21 

Npl3 1.2 

Yra1 0.22 

 

3.4.  Coimmunoprecipitation 

 

In this step,  the goal is to find which effect does the purified potential partners , and other proteins, 

have on Ded1. The IgG pull-downs  will say if there is a physical interaction between Ded1 with other 

proteins either individually or as larger complexes. 

At first, and to make sure the protein and the materials of the experiment were in conditions for further 

experiments, a positive control was made. Ded1 and Nab2 were showed in other testes to interact. 

(Kelly and Corbet, 2009), but the same experiment was done anyway. All the steps were followed as 

told in page 29 and the following figures show the results of the protein interaction. 
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3.4.1.   Ded1 and Nab2 

 

 

Fig. 3- 828. Interaction between Ded1 and Nab2. Both images represent different replicas of the same experiment. The 
first three lanes of each figure are the ones containing the immunoprecipitate complexes that interacted with the IgG 
anti-Ded1. On the right, after the molecular marker, the complexes that interacted with the pre-immune rabbit serum. 
Each well was injected with 15 μl of sample.  

 

As expected, we can see that in the first lane, Ded1 and Nab2 were eluted together, showing a slight 

nonspecific binding on Nab2. 

3.4.2. Ded1 and Npl3 

 

It was known already that Ded1 and the Cbp complex interacts and also that Npl3 and the Cbp 

complex do (Meriem et al. 20014), so we thought that Ded1 and Npl3 could interact also. The next 

Figure 3-9 shows the result of the experiment. 

 

 

Fig. 3-9. Ded1 and Npl3 IgG pulldown. Both images represent different replicas of the same experiment. The first three 
lanes of each figure are the ones containing the immunoprecipitate complexes that interacted with the IgG anti-Ded1. 
On the right, the complexes that interacted with the pre-immune from rabbit serum. Each well was injected with 15 μl of 
sample.  
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3.4.3. Ded1+Yra1 

 

Other evidences showed also that yra1 might have interactions with the Ded1 protein in the 

transcription process of DNA. The next figure shows there is in fact, an interaction between these 2 

proteins. 

 

Fig. 3-10. Interaction between Ded1 and Yra1. On the left of the molecular marker, are shown the immunoprecipitate 
complexes that interacted with IgG anti-Ded1, on the right, the IgG pre-immune from rabbit. Each well was injected with 
15 ul of sample. 

 

3.4.4. Ded1, Yra1 and Npl3 

 

Since both Npl3 and Yra1, by themselves, showed some interaction with Ded1, we decided to check if 

there is interaction with Ded1 when Npl3 and Yra1 are together. 

In this experiment ded1 was incubated with the resin first and after 1.5 h with Yra1 and Npl3. The 

Figure 3-11 shows the result. 

 

Fig. 3-11. Interaction between Ded1, Npl3 and Yra1. On the left, are shown the immunoprecipitate complexes that 
interacted with IgG anti-Ded1, on the right, the IgG pre-immune from rabbit. Each well was injected with 15 μl of 
sample.  
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Again, Yra1 and Npl3 showed to interact with Ded1 even when they were mixed together and added 

at the same time. Since the amount of protein used for each assay is the same for all the proteins, we 

could say, by comparing the third and the fourth lanes that the interaction between Npl3 and Ded1 is 

stronger than Yra1 and Ded1.  

 

3.4.4.1. Ded1, Yra1 and Npl3, a different approach 

 

In the following experiment, a new approach was used.  First, Ded1 and Npl3 or Yra1 were incubated 

for 1.5 h. After it, they were transferred to the tube containing the resin. This experiment was done, in 

order to understand if the interaction of Ded1 with Npl3 and/or Yra1 could cover the binding sites the 

antigen uses to bind in the protein. The results are presented in the Figure 3-12. 

 

Fig. 3-12. Interaction between Ded1, Npl3 and Yra1. On the left of the molecular marker, are shown the 
immunoprecipitate complexes that interacted with IgG anti-Ded1, on the right, the IgG pre-immune from rabbit. Each 
well was injected with 15 μl of sample.  

 

The results are very similar to the ones on Figure 3-11. The fact the proteins were incubated before 

interacting with the IgG anti-Ded1 didn’t change significantly the efficacy of the interaction. 

3.5.  Ded1 ATPase activity 

 

After showing which of the proteins had interaction with Ded1, as a complementary test some ATPase 

assays were done.  

 Some experiments were done using Ded1 diluted to a factor of 600 and in others 750. The protein is 

very active and needs to be diluted so that it is in the linear range of the assay. Since Ded1 is a known 

RNA-dependent ATPase enzyme, we wanted to see which effects the other proteins either individually 

or as complexes have on activity of Ded1. But it is important to mention that, even if two proteins 

interact that doesn’t mean there must be some shift in the enzyme activity. Changes in the activity, 

mostly occur from conformational changes that happen after the interaction between proteins. 
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3.5.1. Ded1, Yra1 and Npl3 

 

Figure 3-13 shows the results when Ded1 is present at 750. 

 

 

Fig. 3-13. Pyrophoshpate concentration, [Pi] throughout the time. Ded1 presented a dilution factor of 750. 

 

Table 3-2. Values obtained from the plot’s linear regression. [Pi] is the pyrophosphate concentration measured and N  
the number of assays made, r2  represents the linear fit of the curve, %, the %activity relative to Ded1. 

Protein [Pi]  uM r
2
 % N 

Ded1 36 0,968 - 20 

Ded1+Npl3 20 0,982 56 9 

Ded1+Yra1 19 0,989 58 7 

Ded1+Npl3+Yra1 21 0,991 53 7 

 

 

3.5.2. Ded1 and CBC complex 

 

The next step, had the intention to show how the Ded1 activity changes in the presence of the cbp 

complex, showed already to have some interaction with Ded1 (Shen, E. et al. 2000). In the laboratory, 

we had purified Cbp80 protein, but with a very low concentration. Cbp80 is a very big protein and it is 

possible that this protein could not have the correct folding when over expressed so the interaction 

with Ded1 is not perfect. 
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Fig. 3-14. Ded1 and CBC. Pyrophosphate concentration [Pi]  throughout the time. Ded1 present with a dilution factor of 

750 

 
The results showed an activation of Ded1 activity with any of the formed complexes. 

Also, we had the same Cbp80 protein, but previously expressed in halves, domain 1 and domain 2(d1 

and d2). Since the protein it is divided, it’s more probable that folding, upon the cell expression, was 

done slower more accurately. As a complementary test we did the same experiment to check if the 

variation of activity was in the same level. The next figure shows the results. 

 

3.5.2.1.  Ded1 and Cbp80 (d1 and d2) 

 

 

Fig. 3-1529. Ded1 and d1 and d2 from Cbp80. Pyrophosphate concentration [Pi], throughout the time. Ded1 present 

with a dilution factor of 750 
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Table 3-3. Values obtained from the plot’s linear regression. Pyrophosphate concentration [Pi] measured and N  the 

number of assays made, r
2
  represents the linear fit of the curve, %, the %activity relative to Ded1. 

 

Ded1 protein showed a clear activation, even higher than the one with the whole Cbp80 protein. This 

suggests the folding of the proteins, because they were expressed in halves was better.  

3.5.3.      Ded1, Nab2, CBC complex and purified proteins 

 

For the next assay, we wanted to see the activity change on ded1 protein when interacting with a 

bunch of known ded1 partners. These partners are referred in the test as “Mix”, being composed by: 

Ded1, Nab2, Cbp20 and Cbp80 (domain1 and domain 2). Additionally we also checked if Npl3 and 

Yra1 had some interference on the activity of ded1 when added to this protein complex. The Fig. 3.16. 

ilustrastes the results obtained. 

 

 

Fig. 3- 16.  Ded1, Mix (Nab2, Cbp20, Cbp80(d1 and d2)), Npl3 and Yra1. [Pi] is the pyrophosphate throughout the time. 

Ded1 present with a dilution factor of 600 

Table 3-4. Values obtained from the plot’s linear regression. [Pi] is the pyrophosphate concentration measured and N  

the average of the N assays made, r
2
  represents the linear fit of the curve, %, the %activity relative to Ded1. 

Protein [Pi] uM r
2
 % N 

Ded1 36 0,968 - 20 

Mix 85 0,974 235 2 

Mix+Npl3 90 0,972 250 2 

Mix+Yra1 88 0,979 245 2 

Mix+Npl3+Yra1 100 0,991 279 2 

As we can tell, all of the protein combinations made, had a clear increase of Ded1 activity, being the 

most prominent one Mix+Yra1. 
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Protein [Pi] uM r
2
 % N 

Ded1 36 0,968 - 20 

Ded1+d1 66 0,978 183 1 

Ded1+d2 58 0,996 161 1 

Ded1+d1+d2 68 0,982 189 1 

Ded1+Cbp20 34 0,982 94 3 

Ded1+ Cbp80 38 0,990 105 3 

Ded1+Cbp20+Cbp80 37 0,991 102 3 
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3.5.4.      Ded1, Mex67 and Yra1 

 

Another partner that might interact with Ded1 protein, since is also involved in nuclear processes of 

RNA expression is Mex67. The next figure shows the influence of its presence with Ded1. 

 

Fig. 3-17.  Ded1, Mex67 and Yra1. [Pi] is the pyrophosphate concentration throughout the time. Ded1 present with a 

dilution factor of 750 

 

Table 3-5. Values obtained from the plot’s linear regression. [Pi] is the pyrophosphate concentration measured and N  

the number of assays made, r
2
  represents the linear fit of the curve, %, the %activity relative to Ded1. 

Protein [Pi] uM r
2
 % N 

Ded1 36 0,968 - 20 

Ded1+Mex67 31 0,9815 86 1 

Ded1+Mex67+Yra1 19 0,9896 53 1 

 

As we can easily see in the plot, Mex67 showed some inhibition of Ded1 activity by itself and even 

more when present with Yra1 . 

 

3.5.5. Ded1 and eIF4G2 

 

 

Fig. 3-18. Ded1 and eIF4G2. Pi concentration throughout the time. Ded1 present with a dilution factor of 750 
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Table 3- 6. Values obtained from the plot’s linear regression. [Pi] is the pyrophosphate concentration measured and N  

the number of assays made, r
2
  represents the linear fit of the curve, %, the %activity relative to Ded1. 

 

Protein [Pi] uM r
2
 % N 

Ded1 36 0,968 - 20 

Ded1+eIF4G2 20 0,941 90 1 

 

3.5.6. ATPase negative controls 

 

The negative controls are important to determine if the proteins or some enzyme that was purified 

together with the proteins purified have any intrinsic ATPase activity. For this, each protein cofactor is 

tested for its capacity of hydrolyzing ATP. 

All the activity results  from the negative control showed a linear regression slope close to zero and 

with very low values of r
2
, suggesting that none of the partners tested have no significant intrinsic 

ATPase activity.  

 

3.5.7. Ded1-WT, DQAD and DAAD mutants 

 

All the assays done so far were assays using the wild type (WT) ded1 protein. From now on 2 different 

mutanted proteins were used for the ATPase tests. These mutants are DQAD and DAAD. Both 

mutated in the key region that names the DEAD-box family. As said before, DEAD amino acid 

sequence, is part of motif II, or walker B, the one responsible for NTP binding and hydrolysis (Walker, 

1982). These two mutants are commonly used and have been well studied by other labs with different 

DEAD-box proteins. These tests were made by using different dilutions of the mutants  so we could 

have different perspectives of their influence on the ATP hydrolysis. Ded1-WT was diluted  750 times 

together with 1, 10 and 25 times plus the molar concentration of mutants. The Fig. 3-19. shows the 

result. 

 

13 

18 

23 

28 

0 20 40 60 

[P
i]

 μ
M

 
 

Time (min) 

A 

Ded1 WT 

DAADx1 

DQADx1 

13 

18 

23 

28 

0 20 40 60 

[P
i]

 μ
M

 
 

Time (min) 

B 

Ded1 WT 

DAADx10 

DQADx10 



50 
 

 

Fig. 3-19. Pyrophosphate concentration [Pi] measured throughout time. Ded1-WT was used in a dilution factor of 750. 

Each figure, is the result of the mutants DQAD and DAAD assays. A, B and C, are the results of the assay when the 

molar concentration of the mutants was, 1x, 10x and 25x higher than Ded1-WT. 

As we can see from Figure 3-19 A, at the same molar concentration, none of the mutants show any 

significant ATPase activity. In the B and C figures, as the concentration of DAAD increases from 10 to 

25 times more the Ded1-WT concentration we see the background of DAAD increases. Still, since the 

activity is less than 1% of the Ded1-WT, which is the limit of the sensivity of the assay, we can say it is 

insignificant. DQAD didn’t show any sign of activity. The negative slopes obtained are meaningless 

since we can’t have a negative ATPase activity, suggesting that this mutant can’t hydrolyze ATP at all.  

 

3.5.8. DAAD 

 

To be sure if DAAD’s result was only a background noise or only a weak capability of hydrolyzing the 

ATP, we checked if the Pi released in the end of the experiment was the same when using RNA and 

when not using it. The result is in Figure 3-20. 

 

 

Fig. 3-20. – Pyrophosphate concentration [Pi] throughout the time. Ded1 present with a dilution factor of 750 

This experiment showed that the activity measured for DAAD is only a negligible activity and 

independent of the addition of ATP. 
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3.6.   EMSA  

 

Finally,  by using an EMSA we wanted to determine the relative binding affinities of Ded1 to the RNA 

in a pseudo equilibrium situation. Ded1 is an ATP-dependent RNA binding protein and RNA-

dependent ATPase (Banroques et al.2011). The ATPase activity of Ded1 gives it a dynamic property, 

where it can bind, remodel and release an RNA multiples times and hydrolyzing ATP. By using a non-

hydrolysable analog, like AMP-PNP, it is possible to lock the protein on the RNA. The result of this 

complex is a larger one, making the migration on the gel slower. The gels used are non-denaturing 

polyacrylamide-bis 29:1. A room temperature of 4ºC and an environment disproved of SDS were 

essential to guarantee the correct folding of the proteins. 

In the following figures, the R stands for protein complexes that suffered retardation in their migration 

while F is the free RNA that migrated without binding to the protein. 

 

3.6.1.      Ded1-WT and DQAD 

 

3.6.1.1. ATP assay 

 

The next gel, Figure 3-21. shows the result of both Ded1-WT and DQAD mutant in the presence of 

ATP. 

 

Fig. 3-21 EMSA with Ded1-WT and DQAD in the presence of 5 mM of ATP. The binding reaction started by the addition 

of 50 mM of cys5 RNA 23 mer. After 30 minutes on ice, it was immediately loaded on a non-denaturating 6% gel. 

 

Both proteins bind the RNA with high affinity in the presence of ATP. The difference is that the WT can 

hydrolyze the ATP into ADP, while the mutant can’t. Therefore, the mutant stays in a higher affinity 

conformation, binding better to the RNA than the WT. Since WT can hydrolyze the ATP, most of the 

RNA is found on the bottom of the gel. For DQAD, RNA was bound, but not hydrolyzed. 
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3.6.1.2. AMP-PNP assay 

 

In the next experiment, we wanted to check how the RNA binding is affected, when both WT and 

DQAD interacts with AMP-PNP. This NTP is a non-hydrolysable analog of ATP. This way, we wanted 

to see how/if the RNA binding is dependent of ATP hydrolysis rather than just the conformational 

enzyme change that ATP can provide. 

 

Fig. 3- 302. EMSA with Ded1-WT and DQAD in the presence of 5mM AMP-PNP. The binding reaction started by the 

addition of 50 mM cys5 RNA 23 mer. After 30 minutes on ice, it was immediately loaded on a non-denaturating 6% gel. 

For all the concentrations of Ded1-WT, there was some sort of binding with RNA in the presence of 

AMP-PNP. Both mutant and WT have a similar affinity to AMP-PNP but neither one can hydrolyze it. 

WT is more affine to the RNA than the DQAD. 

 

3.6.1.3. ssDNA assay 

 

It was also of our interest, to see if Ded1-WT and the DQAD mutant had any affinity with ssDNA. The 

Figure 3-23. show the results. 

 

Fig. 3- 23. EMSA with Ded1-WT and DQAD in the presence of 5mM AMP-PNP. The binding reaction started by the 

addition of cys5 ssDNA 23 mer. After 30 minutes on ice, it was immediately loaded on a non-denaturating 6% gel. 
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Both the mutant and the WT showed a very weak, similar affinity to ssDNA. Most of the RNA can be 

seen in the bottom of the gel. There was some interactions at high concentration levels of protein, but 

it can’t be consider a real interaction, like the ones that could be expected in the cell. 

3.6.2.     Ded1 and GAT mutant 

This mutant, presents a conservative amino acid substitution change from GKT to GAT. This change 

is in the helicase domain required for the activity of Ded1 essential translation function. This mutation 

critically affects the growth of the cells. 

 

Fig.3- 24. EMSA with Ded1-WT and Ded1-GAT  in the presence of 5mM AMP-PNP. The binding reaction started by the 

addition of 50 mM of cys5 RNA 23 mer. After 30 minutes on ice, it was immediately loaded on a non-denaturating 6% 

gel. 

Compared to Ded1-WT, the GAT mutant cannot bind to RNA as well as the WT even though it binds 

to it at high concentrations of protein. At high concentrations of protein is normal to have some 

interstic binding, but it is not relevant.  

3.6.3. Ded1 and DAAD mutant 

 

We also checked the affinity DAAD has for RNA compared with Ded1-WT. The Figure. 3-25. Shows 

the result of this assay. 

 

Fig. 3-25. EMSA with Ded1-WT and DAAD in the presence of 5 mM AMP-PNP. The binding reaction started by the 
addition of 50mM of cys5 RNA 23 mer. After 30 minutes on ice, it was immediately loaded on a non-denaturating 6% 
gel. 

As expected, DAAD didn’t show an affinity for RNA as the wild type. 
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4. Discussion of the results 

The results of this work, showed that Ded1 is physically linked to many protein complexes, all of them 

with an important role in the path that RNA takes since it is transcripted in the nucleolus until it’s 

transported to the cytoplasm. The interactions between Ded1 and proteins such as Npl3, were shown 

in vitro.  

Moreover, we found that these proteins enhance or inhibit the RNA-dependent ATPase activity of 

Ded1 in vitro. When diluted in a factor of 750 and with a 25 times molar excess of the protein partner, 

Ded1 when associated with any of the purified proteins, Npl3 and/or Yra1 did show a inhibition in the 

activity. Ded1 with Npl3 shifted to 56% of the normal activity, with Yra1 to 58% and with both 

interacting with Ded1, 53%.  

The CBC complex was showed to interact in vitro in previous studies. (Shen et al., 2000). About the 

CBC and its influence with the Ded1 enzymatic activity, Ded1 and Cbp20+80 showed a variation of 

activity of 94 and 102% respectively. Ded1 and Cbp80 105%. But when tested with Cbp80 protein 

divided in its 2 domains, an increase of activity was notable for all the combinations. A variation of 

149, 161 and 184%, for d1, d2 and d1+d2 respectively was observed. Cbp80 is a big protein, has 

around 100 kDa that is hard to purify in high quantity and purity because of protease degradation. 

Thus, it is easier to express and purify the protein as domains. The protein was separated based on 

the presence of discrete domains, d1 and d2. 

Cbc complex and Nab2 are consider to be associated with Ded1 mainly in the nucleus, even though 

Ded1 is predominantly a cytoplasmic one.Ded1 is also associated with proteins involved in the mRNA 

export from nucleous, so it was verifiedy if there is any influence in the Ded1 activity and these protein 

partners together with Npl3 and/or Yra1. Using a dilution factor of 600, and having all the other protein 

partners with a 25 times molar excess, the so called Mix solution (Ded1, Nab2, Cbp20 and 80) 

showed a rise of activity of 235, 250, 245 and 241 for Mix, Mix and Yra1, Mix and Npl3 and Mix with 

both, respectively. For 750 dilution, 257, 218, 218 and 279. For both dilutions, the change on the 

activity of Ded1 increased. The fact that were used two different Ded1 dilutions was only to optimize 

the sensivity of the assay and therefore they have no intrinsic meaning. There shouldn’t be noticed a 

change in activity, and the fact it did, means nothing biologically relevant. Another complex that was 

shown previously to interact with Ded1, is the eIF4G2. The variation of Ded1’s ATPase activity was 

about 90%. 

It is also significant to mention the importance of performing the negative controls for the proteins that 

were proven to interact in vitro with Ded1. It’s known, that these proteins don’t have any ATPase 

activity. Still, it is important to perform this experiment as a control, so that we can quantify the 

background noise produced by the proteins since it’s impossible to have our proteins 100% pure. 

Even with a small quantity of contaminating proteins, they can have activities much higher than Ded1, 

influencing the results. For all the controls the slope calculated from the linear regression of the plot, 
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which corresponds to the activity, is very close to zero and with correlation coefficients not significant 

statistically, so we can admit there was no activity at all. 

 

The objective of the last experiments was to see the RNA dependent ATPase activity of Ded1-WT 

compared to two Ded1 mutants, the DQAD and the DAAD. These mutations are present in the key 

region that classifies and names the family of DEAD-box proteins. They got the glutamic acid, E, 

replaced by a gluthamine, Q, and the other by an alanine, A. For each mutant, there were prepared 3 

samples with different molar excesses, 1, 10 and 25 times, relative to Ded1-WT. DQAD mutant, for 

any molar excess, showed a slope very close to zero, suggesting that it doesn’t have any ATPase 

activity at all. For the DAAD mutant, at lower molar excess trials it didn’t show any significant sign on 

activity. At 25 excess, DAAD showed to have around 60% of Ded1-WT activity. This was not expected 

at all since the replacement of a glutamic acid for an alanine would be expected to shut down the 

ATPase activity since the amino acids are different biochemically. The experiment was repeated for 

DAAD, this time without ATP. The test in the presence of RNA, Ded1 showed to have a negligible 

activity and independent of the addition of ATP.This experiment showed that the activity measured for 

DAAD is only a negligible activity and independent of the addition of ATP. 

The motif where the mutations are present is responsible for the regulation of the binding of ATP and 

consequently by the conformational change that occurs upon nucleotide binding, the affinity for RNA is 

affected. It appears that this specific glutamine (DEAD) conserved within this family is crucial, affecting 

the binding of ATP and the activation of hydrolysis. 

 

As a complementary test to the ATPase activity, some assays were performed to test the ATP-

dependency of Ded1-WT and its mutants to bind to RNA and to the ssDNA by using the EMSA 

technique. All the mutants should bind RNA in the presence of AMP-PNP, but not as well as the WT 

bound to it. 

For the DQAD mutant, and as it was shown with the ATPase assays, it can’t hydrolyze the ATP while 

the WT can. Therefore, when the WT hydrolyzes the ATP to ADP, reverts the protein to a 

conformation with a low affinity to RNA and unbinds it, freeing the RNA. For the AMP-PNP test, both 

proteins showed to have a similar affinity to RNA. This makes sense, since both interact with the AMP-

PNP but none of them can hydrolyze it. This renders the proteins to stay in a conformation state, with 

a high affinity to the RNA. 

We also showed the effects of mutations on the highly conserved region of Ded1 on the ATPase and 

helicase activities and on RNA binding in the presence of various nucleotides. Using ATPase and 

RNA binding assays, we showed that the DEAD region, besides regulating the binding of ATP, 

participates in the conformational changes that occur upon nucleotide binding. These conformational 

changes are responsible for the change of affinity for the RNA substrate. It appears from this work’s 

experiments that the conserved glutamine is crucial both for the binding of ATP, and for the activation 

of hydrolysis. Both DAAD and DQAD showed to be negatively affected in the rate of hydrolysis. DAAD 

showed to bind to the RNA but not as good as the WT in the presence of AMP-PNP.  

The GAT mutant, showed a very similar result to the DAAD one. 
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Future Challenges  

 

RNA helicases can also be considered to be RNA chaperones, maturates and unwindases. Although 

many putative RNA helicases have been biochemically and genetically analyzed, a clear molecular 

role of these enzymes is still missing, particularly in vivo. Thus, the in vitro reconstitution systems, like 

translation initiation and pre-mRNA splicing, will contribute to reveal the properties of these proteins 

(Margaret, E. and, Jankowsky, E. 2010). Until recently, the medical interest in RNA helicases has 

lagged behind the DNA helicases, which often are associated with various genetic maladies or can be 

used as diagnostic of diseased states. (Brabant A., Stan R., Nathan A. Ellis, 2000) However, RNA 

helicases are essential for bacterial and viral propagation, and consequently they are good targets for 

antibacterial and antiviral drugs. Moreover, because RNA helicases are involved in a wide variety of 

cellular activities, they could also be the targets for anticancer drugs or prophylactic agents. Clearly, 

we still have much to learn about these proteins. 
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