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ABSTRACT 

 

RNA helicases of DEAD-box family are 

present in all eukaryotic cells and in many 

bacteria, archea and even in some viruses.  

helicase Ded1 is an essential yeast protein 

that is closely related to mammalian DDX3 

and to other DEAD-box proteins involved in 

developmental and cell cycle regulation. 

Ded1 is considered to be a translation-

initiation factor that helps the 40S ribosome. 

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. 

Using some IgG pulldown experiments, 

ATPase assays to show that this cap-

associated protein is also involved with 

other proteins throughout all the RNA 

process of extraction. Also, to show that 

Ded1 is a protein dependent of RNA to bind 

a nucleotide the EMSA technique was 

used. Some of the assays were done in 2 

other mutants DQAD and DAAD. 

It was concluded that other protein factors 

like Npl3 or Yra1 interact directly with Ded1, 

influencing its activity rate. Also the mutants 

used showed to have no ATPase activity at 

all despite the parcial affinity for dNTPs. 

 

 

INTRODUCTION 

The DEAD-box proteins are an ubiquitous 

family of proteins that are found in nearly all 

organisms in all three kingdoms of life. 

They are implicated in all processes 

involving RNA, including transcription, 

splicing, ribosomal biogenesis, RNA export, 

translation and RNA decay (1,2,3). DEAD-

box proteins belong to the DExD/H 

superfamily (SF2) of putative RNA and 

DNA helicases, and they are so named 

because of the amino acid sequence of 

motif II (D-E-A-D in single letter 

representation). The highly conserved 

helicase core, which is found in all SF2 and 

SF1 proteins, consists of two, linked, RecA-

like domains and sequence motifs that are 

conserved within the different families. 

Individual proteins are distinguished by the 

presence of nonconserved amino- and 

carboxyl-terminal extensions of highly 

variable length and by insertions and 

deletions within the conserved core (4). 

The DEAD-box family contains at least nine 

conserved motifs that are needed for 

adenine recognition, and for ATP and RNA 

binding. Motif III links the cooperative 

binding of the ATP and RNA ligands, which 

subsequently promotes the ATPase activity 

of the protein in association with motifs II 

and VI (5). Thus, DEAD-box proteins are 

ATP-dependent RNA-binding proteins and 

RNA-dependent ATPases. 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.  

region to load on the substrate prior 

Typically, the proteins require a single-

stranded 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 have a 

number of cellular roles, such as helicases 

to disrupt RNA secondary structure as 
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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.  

RNA (mRNA) export from the nucleus. 

Cofactors such Npl3, Yra1, Mex67 were 

tested. The cofactors can function as on 

and off switches to control the enzymatic 

activities of the DEAD-box proteins. 

Eukaryotic DEAD-box proteins often 

contain carboxyl-terminal extensions that 

enhance the affinity, in general, for RNAs, 

but to date these extensions are not known 

to confer specificity to discrete RNA 

substrates. The budding yeast, 

Saccharomyces cerevisiae, has 25 DEAD-

box proteins that are largely essential for 

the viability of the organism and that are not 

interchangeable.  Many of the proteins are 

implicated in the biogenesis of the 

ribosomes, but the other proteins are 

involved in transcription, mRNA processing, 

RNA export, translation and RNA decay. 

Thus, yeast is a practical model system 

because the proteins are not redundant, 

they are mostly essential, they are 

represented in all the implicated 

cellular processes and there are obvious 

homologs in metazoans. Moreover, yeast 

genetics facilitate deletions of the 

endogenous gene and its replacement by a 

plasmidencoded variant. This papper used 

Ded1 protein, which has one of the highest 

DEAD-box protein activities (4). 

Ded1 was first isolated as an essential 

domain in the chromosomal region 

encoding the HIS3 gene, DED1: Defines 

Essential Domain1(7). It was later found as 

an extragenic suppressor of a prp8 

mutation Prp8 is a component of the 

U4/U6-U5 snRNP complex that is involved 

in mRNA splicing. Subsequently, Ded1 was 

implicated in the transcription of 

polymerase III RNAs, as a general 

translation-initiation factor (8), in yeast L-A 

virus replication (9) and finally in processing 

body (P-body) formation and RNA 

degradation (10). Ded1 is closely related to 

a subfamily of DEAD-box proteins that are 

involved in developmental and cell cycle 

Regulation. (4,6) It was used various 

genetic, physical and enzymatic 

approaches to isolate and characterize 

potential partners of Ded1, with the 

objective of better understanding the role(s) 

Ded1 plays in the cell, how its enzymatic 

activity is regulated and how the substrate 

specificity is determined. It was found that 

these cofactors stimulate the RNA-

dependent ATPase activity of Ded1, which 

indicated that the interactions are 

functionally important. The RNA-dependent 

ATPase activity of Ded1 was studied, under 

the influence of these nuclear factors and 

finally, the protein was studied by using a 

EMSA technique, in order to understand 

how the ATP-dependent RNA substrate 

binding is affected by the presence of NTP 

analogues. 

 

MATERIALS AND METHODS 

Preparation of pET vectors 

In order to express the proteins of interest 

in E. coli used the variations of pET 

(Novagen) vector. Target genes were 

cloned in the pET plasmids  the control of a 

strong, T7 bacteriophage, transcription 

promoter. After knowing the DNA sequence 

of the proteins intended to clone, Ded1, 

Yra1 and Npl3 sequences were inserted in 

pET 22b, 19b and 15b respectively. The 

pET vectors were digested 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 

verify if digestions were made successfully 

it was used a 1% agarose gel. 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 
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poured into the mold. After adding the 

samples in the wells and running the gel for 

about 30 min at V =120 V, the digestion 

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. 

PCR amplification for Yra1 Xho1-

Nde1 

We PCR amplified the ORF using different 

oligonucleotides using Yra1/pRS314 as 

template. The oligonucleotides used have 

XhoI and NdeI sites, with or without Stop 

codon. In three different PCR tubes, I mixed 

3 μl of Yra1/pRS314 DNA, 3 μl of 100 pmol 

Yra1_up and Yra1_down 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. 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, 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 O/N at 18°C. 

After having the plasmids with the 

sequences added, the 

electrotransformation for Rosetta strain 

cells consisted of adding 0.5 μl of the 

previously purified plasmids from DHB10 

strain cells 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 to 

a tube with 250 μl of SOC where they grew 

at 37°C for 1h. After this time, the cells 

were moved to a plate containing LB+agar, 

ampiciline and chloramphenicol and then 

streaked out on the plate using small glass 

spheres. The culture was left growing 

overnight at 37°C. 

Recombinant protein expression and 

protein extraction 

The expression of the proteins of study, 

Ded1, Npl3 and Yra1, first the Rosetta cells 

grew up 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 a O.D. of 0.35 the cells were 

induced with IPTG and stoped after 3h. An 

acrilamide gel 12% was used to confirm the 

protein expressions. Pellets from the cells 

were prepared and sonicated using W- 375, 

Heat System-Ultrasonics, Inc. 4 times for 

20 seconds. 

Purification of inducted proteins on 

a Ni column 

2 ml of Nickel NTA-agarose (QIAGEN) 

poured in a column, washed with 5 ml of 

cold H2O, 5 ml of 0.1 M NiSO4, 5 ml of Lyse 

buffer composed of 20 mM TRIS-HCl, pH 

7.5, 500 mM NaCl and 10 mM imidazole. 

Then, the supernant resultant from the 

centrifugation of cell debris from sonication 

is put in the column. The flow through from 

both washings was collected. pET 22b and 

19b confer a 6Hist tag to the N-terminal and 

C-terminal of the protein while pET15b 9 

Hist-tag to N-terminal. These Hist tags 

proteins are eluted from the column by 

washing it twice with 5 ml of a buffer 

composed of 20 mM TRIS-HCl, pH 7.5, 500 

mM NaCl and 30 mM imidazole. The 

quantification was done by using BioRad 

Method. 

 Immunoglobline G-protein A 

sepharose bead-pull down 

experiment 
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The resin is 3 times washed with water and 

then is 3 times mixed with pre-immune 

serum or anti-Ded1 serum. These tubes 

with resin 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. 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 washing the resin again, other 

cofactor proteins were added and went to 

the wheel mixer for other 1.5 h. 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. In the end 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. 

 

ATPase assays 

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 (Roche) and ATP. 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, 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. In order to stop the 

reaction 50 μl sample quickly transferred to 

a microplate containing 7 μl of EDTA 500 

mM every 10 min. To study the influence of 

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. The 

OD630  is read using Tecan Infinite M200 

Pro. The excel software to process the 

data. 

EMSA 

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. After incubated on ice for 30 

min, it was added to each tube 3 μl of a 

solution 50% glycerol+ 0.02% 

bromophenol. The gel was composed by 1 

ml Tris 1.5M pH 8.8, 1.5ml acrylamide 40%, 

7.5 ml of millipore water, 150ul APS 10% 

and 15ul TEMED. The gel was 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 in the 

absence of light and using black 

eppendorfs. 
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RESULTS 

Purification of protein cofactors 

Because Ded1 is a homolog of a subset of 

DEAD-box proteins involved in cell cycle 

and developmental regulation in other 

organisms, we were interested in  

determining if there was a physical 

interaction between Ded1 and some other 

proteins involved in RNA transporting 

processes. Two of the candidates, of 

interaction were Npl3, and Yra1. The figure 

1A, 1B, 1C shows the result of this 

purification. 

 

In order to obtain a good sample of purified 

protein the pools that were kept were 

chosen by analyzing the elution acrylamide 

gels. In the case of Ded1 protein, Figure 

1A, the elutions found to be of good quality 

were the ones from the third to the seventh 

lanes. With this, two pools of the proteins 

were formed. The first one and the purest, 

containing the third and fourth elutions,e3 

and e4. The second pool containing the 

others, e5, e6 and e7. For Npl3, Figure 

1B,the second and third elution, e2 and e3, 

were mixed into one same pool. Finally for 

Yra1, Figure 1C, the pool was made up 

from the forth to the seventh elutions, e4 to 

e7. 

Other protein cofactors used for ATPase 

activity tests, like, Mex67, eIF4G2, Cbp20, 

Cbp80 and Nab2 were already available in 

the laboratory and previous evidence 

suggested these might be good interaction 

candidates. (13,14,15) 

A 

 

 

 

 

                              B

 

                                       C

 

Fig. 1 – Each elution taken on the Ni-agarose 

column purification step were poured into 10% 

SDS poliacrylamide gels. Each gel is composed by 

9 of the elutions of the purified proteins. Each well 

has 10 μl of elution sample plus 5 μl of Laemmli 

buffer x4. Stained with comassie blue. Figure 1A 

represents the elutions made out from Ded1 

protein, 1B Npl3 and 1C Yra1. 

Quantification with BioRad method 

 

Fig. 2 – Linear regression obtained using the 

BioRad method for protein quantification  
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After obtaining the linear curve that fits the 

points of the plot, obtained by following 

the BioRad method  the results of the 

concentration for purified Ded1, Npl3 and 

Yra1 were respectively: 0.35, 1.2 and 0.22 

ug/ul.  

Ded1 interacts physically with 

cytoplasmic and nuclear 

mRNP factors 

 

The preceding experiments demonstrated 

direct physical interactions between Ded1 

and other cap-binding proteins. However, 

it was possible that some factors were 

indirectly associated with Ded1 through 

their interactions with the other proteins. 

Therefore, there were individually tested 

various purified proteins for their ability to 

be retained by Ded1 fixed to Ded1-IgG 

Sepharose beads (Fig. 3A, B and C). Only 

Nab2 showed a weak nonspecific 

interaction. The beads retained all of the 

indicated cap associated factors in the 

presence of Ded1. Both Npl3 and Yra1 

showed to interact well with Ded1. Figures 

3B and 3C shows the results of the IgG pull 

down of Ded1 interacting with Npl3 and 

Yra1 in various ways. Both figures are the 

result of the interaction of those three 

proteins in different approaches. The first, 

1B, Ded1 incubated 1.5 h with the beads, 

and only after it, other cofactor protein was 

added and incubated by other 1.5h. At Fig. 

3B, the proteins incubated 1.5h before 

incubate again 1.5g with the beads 

containing anti-Ded1 anticorps. We can say 

that both approaches give the same result. 

As a negative control, and to show the 

beads don’t bind to anything except Ded1, 

lane 4 of Fig. 3B is only composed by Yra1 

a Npl3. The pre-immune serum also works 

as  control, showing only some nonspecific 

protein binding, which is not strong enough 

to be considered a real interaction. For 

proteins like Cbp20 and Cbp80 there was 

already evidence of possible physical 

interaction (11,12) 

 

           A

 

 

      B 

 

       C 

 

Fig. 3 Ded1 physically interacted with the cap-

associated factors. Ded1 was bound to protein A 

Sepharose beads crosslinked to IgG against Ded1, 

incubated with the indicated purified proteins, 

washed and the eluted proteins separated by 10% 

SDS PAGE. The gel was subsequently stained with 

Coomassie blue. 3A shows the interaction between 

Ded1 and Nab2. 3B and 3C, two different 

interaction approaches between Ded1, Yra1 and 

Npl3. The molecular marker is λ (DNA Lambda) 

PST molecular marker 

 

 

Cap-associated factors altered the 
RNA-dependent ATPase activity of 
Ded1 
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The preceding experiments demonstrated 

that Ded1 formed interactions with cap-

associated factors except with Nab2. 

Nevertheless, these results did not 

demonstrate a functional association 

between the different proteins. Therefore, 

we measured the RNA-dependent ATPase 

activity of Ded1 in the presence of the 

different purified proteins. To facilitate the 

analyses, we measured the reaction rates 

with saturating concentrations of whole 

yeast RNA and 1 mM ATP. The results are 

shown in Table 1, where 25-fold molar 

excesses of the indicated proteins were 

added to the Ded1 reactions. All of the cap-

associated factors influencedthe ATPase 

activity of Ded1. The so called “Mix”, is 

composed by Nab2, Cbp20 and Cbp80 

(d1+d2) proteins, enhanced significancly 

the ATPase activity of Ded1. 

 None of the other tested proteins showed 

significant ATPase activities in the absence 

of Ded1.  The results were consistent with 

Ded1 physically and functionally interacting 

with the cap-associated factors, but with 

some unexpected effects. The cap-binding 

proteins eIF4G2, Npl3, Yra1 and Mex67 

had an inhibitory effect on the activity, 

bringing the activity to nearly half of the 

normal one, even though they physically 

interacted with Ded1 in vitro.  

 

 
Table 1 – In vitro ATPase activity of Ded1 

 

The Cbp20 and Cbp80 by themselves didn’t 

show much of influence on Ded1 activity, 

except for the Cbp80 protein purified in his 

two different domains separately. Cbp80 is 

a big protein, aproximatly 100 kDA (15). 

The expression of the protein in its two 

domains (d1 and d2) might have enabled 

the protein to fold better, and consequently 

his interaction with Ded1 is more effective.  

The results showed an enhancement of 

161% against 105% of Cbp80 as a whole 

protein. 

The stimulation of the ATPase activity was 

cumulative, but not additive, when different 

combinations of the proteins were used. 

The biggest enhancement was obtained for 

the Mix+Yra1+Npl3, even though Npl3 and 

Yra1 together with Ded1 showed an 

inhibitor effect. 

 

Thus, the activation of Ded1 by the 

cofactors was through protein–protein 

interactions rather than by facilitating the 

assembly of Ded1 on the RNA substrates. 

The activation was highly dependent on the 

quantity of added protein. The large molar 

excesses needed to obtain moderate 

activation of Ded1 indicated that the 

cofactors were probably not functioning as 

enzymatic activators per se. Instead, it 

appeared that the cofactors were 

functioning like molecular chaperones to 

stabilize or facilitate conformations of Ded1 

that were more active. Indeed, less active 

preparations of Ded1 showed proportionally 

even larger effects for the added proteins, 

but they did not increase the reaction 

velocities beyond those measured with the 

more active Ded1 preparations. Thus, the 

cofactors may associate with Ded1 and 

function as allosteric activators. We 

concluded that the physical associations 

between Ded1 and the cap-associated 

factors were biologically significant.

a
Ded1 was tested alone or with a 25 molar excess 

from the indicated protein 

 

 

Mutants DQAD and DAAD were also tested 

for the ATPase activity. The activity 

registred for both mutants was less than 1% 

of Ded1 activity, so it was assumed that 

these mutants don’t have the capacity to 

hydrolyze the ATP. 

 

Proteins
a 

ATPase %Ded1 

Ded1+ 36 - 

Yra1 19 56 

Npl3 20 58 

Yra1+Npl3 21 53 

Mex67 31 86 

Mex67+Yra1 19 53 

Cbp20 65 183 

Cbp80 38 105 

Cbp80 (d1+d2) 58 161 

Cbp20+Cbp80 68 189 

Mix 85 235 

Mix+Npl3 90 250 

Mix+Npl3+Yra1 88 245 

eIF4G2 20 90 
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Electrophoretic Mobility Shift Assay 

(EMSA) 

 

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 (16). 

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 Figure 4 shows the results of this test. 

Figure 4A, shows the binding of Ded1-wild 

type (Ded1-wt) and DQAD mutant to the 

ATP. The binding to the ATP was stronger 

for the mutant. It is consistent with what 

was expected since it can’t hydrolyze the 

ATP, while the Ded1-wt can.  

 

Figure 4B represent the same proteins, but 

in the presence of AMP-PNP. This is a non-

hydrolizable ATP analogue. As expected, 

both proteins can bind to it, but none can 

hydrolyze it. As it can be seen, both have 

very similar RNA binding affinities. 

Figure 4C shows the affinity of DQAD and 

Ded1-wt to a single stranded DNA (ssDNA) 

molecule. Any of the proteins seemed to 

have a significant affinity to ssDNA only 

binding at high concentrations of protein. 

Finally the AMP-PNP was tested for Ded1-

wt and for DAAD mutant, Figure 4D. This 

mutant showed to have a really weak 

affinity to AMP-PNP. The mutant binds 

worse to the RNA compared with the wt, 

and since DAAD can’t hydrolyze AMP-PNP, 

it means it has a real poor affinity for the 

nucleotide. 

 

 

 

 

 

 

 

 

 

    A 

 
 

 

 

    B 

 
 

 

 

    C 
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D 

 
 
Fig. 4 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. R stands for protein complexes that 

suffered retardation in their migration while F is 

the free RNA that migrated without binding to the 

protein. The dNTP and nucleotic acids used for 

the experiments were: A, ATP and RNA; B, 

AMP-PNP and RNA; C, AMP-PNP and ssDNA; 

D, AMP-PNP and RNA. 

 

DISCUSSION 

 

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 

transcript in the nucleolus until it’s 

transported to the cytoplasm. 

Moreover, it was 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 Cbp complex was showed to interact in 

vitro in previous studies. (Shen et al., 

2000). About the Cbp 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. 

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 verified 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. 

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 making the negative 

controls for the proteins that were proven to 

interact in vitro with Ded1. It’s known in the 

literature, that these proteins don’t have any 

ATPase activity. Still, it is important to make 

the experiment as a control so 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, 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. In the EMSA, to show the 

RNA dependent ATPase activity of Ded1-

WT was 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 gluthamic acid, E, 
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replaced by a gluthamine, Q, and the other 

by an alanine, A. The replacement of a 

gluthamic acid for an alanine would be 

expected to shut down the ATPase activity 

since they are different biochemically. 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 on this family 

is crucial for binding of ATP and the 

activation of hydrolysis. As a 

complementary test to the ATPase activity, 

it was performed some assays to test the 

ATP-dependency of Ded1-WT and its 

mutants to bind RNA and ssDNA by using 

the EMSA technique. All the mutants 

should to bind RNA in the presence of 

AMP-PNP, but not as good as the WT 

bound to it, as it was confirmed by the 

experiment.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. For the AMP-PNP test, both 

proteins showed to have a similar affinity to 

RNA. This is logical, since both interact with 

the AMP-PNP but none of them can 

hydrolyze it. This makes the proteins stay in 

a conformation state very affine with RNA. 

It was 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. 

 

REFERENCES 

1. Cordin,O., Banroques,J., Tanner,N.K. and Linder,P. 
(2006) The DEAD-box protein family of RNA helicases. 
Gene, 367, 17–37. 
2. Linder,P. and Jankowsky,E. (2011) From unwinding 
to clamping––the DEAD box RNA helicase family. Nat. 
Rev. Mol. Cell Biol., 12, 505–516. 
3. Tanner,N.K. and Linder,P. (2001) DExD/H box RNA 
helicases: from generic motors to specific dissociation 
functions. Mol. Cell, 8, 251–262. 
4. Banroques,J., Cordin,O., Doere,M., Linder,P. and 
Tanner,N.K. (2011) Analyses of the functional regions 
of DEAD-box RNA ‘helicases’ with deletion and 
chimera constructs tested in vivo and in vitro. J. Mol. 
Biol., 413, 451–472 
5. Banroques,J., Doere,M., Dreyfus,M., Linder,P. and 
Tanner,N.K. (2010) Motif III in superfamily 2 ‘helicases’ 
helps convert the binding energy of ATP into a high-
affinity RNA binding site in the yeast DEAD-box protein 
Ded1. J. Mol. Biol., 396, 949–966. 
6. Steimer,L., Wurm,J.P., Linden,M.H., Rudolph,M.G., 
Wohnert,J. and Klostermeier,D. (2013) Recognition of 
two distinct elements in the RNA substrate by the 
RNA-binding domain of the T. thermophilus DEAD box 
helicase Hera. Nucleic Acids Res., 41, 6259–6272 
7. Struhl,K. (1985) Nucleotide sequence and 
transcriptional mapping of the yeast pet56-his3-ded1 
gene region. Nucleic Acids Res., 13, 8587–8601 
8. Thuillier,V., Stettler,S., Sentenac,A., Thuriaux,P. 
and Werner,M. (1995) A mutation in the C31 subunit of 
Saccharomyces cerevisiae RNA polymerase III affects 
transcription initiation. EMBO J., 14, 351–359 
9. Chong,J.L., Chuang,R.Y., Tung,L. and Chang,T.H. 
(2004) Ded1p,  a conserved DExD/H-box translation 
factor, can promote yeast L-A virus negative-strand 
RNA synthesis in vitro.  Nucleic Acids Res., 32, 2031–
2038. 
10. Beckham,C., Hilliker,A., Cziko,A.M., Noueiry,A., 
Ramaswami,M. and Parker,R. (2008) The DEAD-box 
RNA helicase Ded1p affects and accumulates in 
Saccharomyces cerevisiae P-bodies. Mol. Biol. Cell, 
19, 984–993. 
11. Soto-Rifo,R. and Ohlmann,T. (2013) The role of 
the DEAD-box RNA helicase DDX3 in mRNA  
metabolism. Wiley Interdiscip. Rev.  RNA, 4, 369–385. 
12. Yedavalli,V.S., Neuveut,C., Chi,Y.H., Kleiman,L. 
and Jeang,K.T. (2004) Requirement of DDX3 DEAD 
box RNA helicase for HIV-1 Rev-RRE export function. 
Cell, 119, 381–392. 
13. Altmann,M., Schmitz,N., Berset,C. and Trachsel,H. 
(1997) A novel inhibitor of cap-dependent translation 
initiation in yeast: p20 competes with eIF4G for binding 
to eIF4E. EMBO J., 16, 1114–1121. 
14. Hector,R.E., Nykamp,K.R., Dheur,S., 
Anderson,J.T., Non,P.J., Urbinati,C.R., 
Wilson,S.M.,Minvielle-Sebastia,L. and Swanson,M.S. 
(2002) Dual requirement for yeast hnRNP Nab2p in 
mRNA poly(A) tail length control and nuclear export. 
EMBO J., 21, 1800–1810. 

15. www.yeastgenome.org 

16. Thuillier,V., Stettler,S., Sentenac,A., Thuriaux,P. 

and Werner,M.(1995) A mutation in the C31 subunit of 
Saccharomyces cerevisiae RNA polymerase III affects 
transcription initiation. EMBO J., 14,351–359. 
 

 

 

 

 

 

 



11 
 

 

 

 

 

 

 

 

 

 

 

 

 

 


