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Abstract
Biophysical Characterization Of HCV Q65H NS5B and

elF4B : Protein — Nucleic Acid Interactions

By

Shemaila Sultana

Adviser : Professor Dixie J. Goss

Hepatitis C Virus (HCV) infection is one of the most common chronic blood borne
infections. The mechanism underlying persistence of HCV infections are not well
understood. Mutation of GIn65His (Q65H), which develops in the NS5B
dependent RNA polymerase (RdRp) during chronic infection, has 1.8 fold
enhanced invitro RdRp activity, may have major implications in the efficiency of
HCV RNA replication and viral persistence. The reason for this increase in
activity is not well understood (Virology 2003 Dec 5; 317(1):65-72). We used
endogenous tryptophan fluorescence to characterize the interactions of Q65H
protein with GTP, GDP, Mg?* and a 19mer RNA template. The Q65H protein
exhibits 3 fold lower Kd (11.6 £ 1.2 yM) than wildtype (36.8 + 1.0 pM) for GTP,
whereas the Kd values of the mutant for MgCl, and 19 mer RNA template were

similar to wildtype protein. Thermodynamic studies on the binding reaction of the



Q65H variant were also performed to provide details of the energetic and

entropic characteristics.

The second part of this study involved interaction of elF4B with zinc. elF4B
promotes RNA dependent ATP hydrolysis and ATP dependent RNA helicase
activity of elF4A and elF4F. It has recently been reported that elF4B also
organizes assembly of the RNA, elFiso4G, elF4A, and poly-(A) binding protein
and that zinc enhances the RNA binding and interaction with PABP. We
previously reported that zinc binds tightly with elF4B with a Ky of 19.7 £ 1.6 nM (J
Biol Chem. 2008 Dec 26; 283(52):36140-53). The Ky of binding of elF4B with
20mer poly (A) RNA is 77 £ 7 nM and in presence of zinc is reduced down to 45
t+ 3 nM. Circular dichroism showed that addition of zinc resulted in a more than
50% decrease in alpha content of the elF4B protein. To better understand the
role of elF4B in the selection of RNA, we also studied the interaction of elF4B
with structurally different RNAs and the effect elF4A on this interaction using
fluorescence anisotropy. This overall study on elF4B helps towards the better

understanding of basic translation initiation machinery and some of its regulators.
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Chapter 1: Hepatitis C Virus Q65H NS5B

Mutant Protein and its Ligands



1.1. Introduction

1.1.1. Hepatitis C Virus

Hepatitis C Virus (HCV) is a single stranded positive sense RNA virus, belonging
to the Flaviviridae class of virus family [5]. HCV infection is one of the most
common chronic blood borne infections, affecting more than 3.9 million (1.8%)
people in the US itself according to the National Health and Nutrition Examination
survey (NHANES) of 1988-1994, and more than 170 million people worldwide [6,
7]. Of those in the US, 2.7 million (80%) of infected individuals with acute HCV
infection develop chronic hepatitis, while 20% of that develop cirrhosis and 1-5%
develop hepatocellular carcinoma [5, 8-11]. There is no effective means to fight
HCV infection [12] and there is an urgent need to study and develop various drug
targets that are susceptible in this pathogen. The mechanism underlying the
chronicity of HCV infection is also not well understood. Several viral host
interactions which affect the interferon regulated pathway or the immune system
might be involved in the chronicity of HVC infection [1, 13]. Mutations in the viral
genome are another well studied area related to chronicity. Mutations
accumulate over the course of time in the HCV genome during viral replication
because of the lack of a proof reading function in its RNA dependent RNA
polymerases [14], a characteristic of RNA viruses. This results in genetic
variability in the hepatitis C virus genome. This genetic evolution might be the

reason for the easy escape of HCV from the host immune system [15]. This



makes these mutations an interesting target of study to better understand HCV

infection and its chronicity.

1.2.1. Non-Structural Protein 5B and its Mutants

NSS5B (non structural 5B), a 66 kDa protein is a key replicative enzyme of the
Hepatitis C virus. NS5B is derived from the C terminal end of the viral polyprotein
[16-21]. A characteristic Gly-Asp-Asp (GDD) motif is present in this protein,
common in RNA dependent RNA polymerases, indicating that NS5B belongs to
this family of enzymes [16, 17] and is involved in replication of the viral genome.
The polymerase activity has been confirmed for recombinant NS5B protein
expressed in both insect cells and Escherichia coli [12, 17-20, 22-31]. The
characteristic GDD domain binds with Mg?* ions that are required by

polymerases for their activity [16, 21].

The NS5B polymerase of HCV contains a classic right hand shape with fingers,
palm and thumb subdomains similar to other polymerases [32, 33] (figure.1).
The HCV NS5B has a more compact shape as compared to other polymerases,
and the active site of the enzyme, which is accessible to RNA template and NTP
substrate, is completely surrounded by fingers, thumb and palm subdomains [34,

35]. The palm domain contains two metal ion catalytic centers that are



conserved in most polymerases and are required during polymerase function

[35].

There are reports that mutations in the HCV NS5B polymerase that occur during
infection may affect RNA dependent RNA polymerase (RdRp) activity [1]. These
mutations in the viral genome occur spontaneously during viral replication as a
result of the high rate of virion production and lack of proof reading function in
HCV polymerase. One such mutation from GIn to His residue at position 65 in
the finger domain [1], which develops in the coding region of NS5B during
chronic infection, may have major implication in the efficiency of HCV RNA
replication and viral persistence. It has been reported that a mutation Gin 65 His
(Q65H) residue enhances in vitro RdRp activity by as much as 1.8 fold [1] and
the reason for this increase in activity is not understood. The location of GIn 65 in
NS5B crystal structure is close to the Arg 345 residue which stimulates RdRp

activity 2-3 fold when mutated to Lys [1].

In this study we characterize the interactions of the Q65H NS5B mutant protein
with GTP, GDP, Mg* and a 19mer RNA template by utilizing endogenous
tryptophan fluorescence. This is the first report of how the mutation affects the

binding properties of NS5B to its ligands, template and metal ion.



Figure 1. Location of the mutations in the HCV NS5B polymerase [1]. A

ribbon diagram of NS5B (finger, palm, and thumb domains colored red,

yellow, and blue, respectively) with circled GIn-65 residue.




1.2.2. Fluorescence Spectroscopy

Fluorescence spectroscopy is a very sensitive technique used to study various
biochemical and biophysical problems. The first step involves excitation of the
fluorophore to higher energy level (electronic singlet state (S4')) by absorption of
photon of energy using an energy source such as a xenon lamp. The excited
state typically has a nano - second duration. In the excited state changes can
take place in the conformation of the molecule and also, it has the possibility of
multiple interactions with the surrounding molecular environment. The excited
molecule partially dissipates some energy yielding relaxed singlet excited state
(S4)) which decays to the ground state (Sp) with the emission of light [36]. The
energy released during this process produces emission spectra that are

characteristic of a particular compound.

The emission spectrum is quite sensitive to changes within the environment and
can be used to study and measure the changes within the molecule, its
interaction to other components and the environment. In biological systems, the
amino acids containing aromatic rings such as tryptophan, tyrosine or
phenylalanine are used as intrinsic molecular probes to gain a better

understanding of proteins and their interactions [4, 36].



Sample cell

N

Bxcitation
monochromator

Xe lamp
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Photo detector

Fiqure 2 . A basic diagram of a spectrophotometer (Wikipedia).




Experimental procedures

1.2.1. Materials:

We received the wild type and Q65H mutant hepatitis C virus non-structural
protein 5B from our collaborator Prof. Curt H. Hagedorn, Gastroenterology
Division, University of Utah, Salt Lake City, UT. 19nt RNA template named LE19

[37] was purchased from Dharmacon, Inc.

1.2.2. Fluorescence Measurements

Fluorescence measurements were carried out at 22 * C (unless otherwise noted)
on a SPEX Fluorolog-1-2 spectrofluorometer equipped with a high-intensity (450
W) xenon arc lamp. Excitation and emission slit widths of 2.0 and 3.0 mm were
used, and a path length of 1.0 cm was employed. Experiments using NS5B
Q65H were performed using an excitation wavelength of 280 nm to monitor the
emission at 330 nm. The background emission was eliminated by subtracting the
signal from buffer containing an appropriate quantity of substrate. Data were
averages of three or more titrations. The binding buffer used for all fluorescence
studies consisted of 50 mM Tris-HCI, 50 mM KOAc (pH 7.5). All chemicals were
molecular biology grade. Binding experiments were performed using 150 nM
NS5B Q65H mutant protein to which increasing amounts of GTP, GDP, Mg®*

were added individually in different experiments.



To study the template binding properties of the mutant protein experiments were
done using 19nt RNA template named LE19 [37] alone and in combination with
either GTP or Mg?* ion with increasing amounts of RNA. The sequence of 19nt
RNA template is 5 UGUUAUAAUUAUUGUAUAC 3’. This 19nt sequence is a
derivative of 3' end of the minus-strand RNA of bovine viral diarrhea virus
(BVDV). The three nucleotide unpaired initiation sequence in LE19 is predicted
to form a simple stem-loop structure at the 3' end that directs initiation of de-novo

RNA synthesis [37].

1.2.3. Data Treatment

The binding of ligands to the NS5B Q65H protein was determined by examining
the florescence emission of a fixed concentration of protein and titrating with
increasing concentrations of a given ligand in binding buffer. The equilibrium

expression is:

Kg = [NSSB(stH)][Iigand] / [NSSB(QG5H).Iigand] (eq 1)

where Ky is the apparent dissociation equilibrium constant, [NS5BqssH)] is the

concentration of the protein, [NS5Bqestyligand] is the concentration of

complexed protein, and [ligand] is the concentration of unbound ligand.
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Further,

NS5B qssHtotal = [NSSB(@ssH) ] + [NS5B qssH)-ligand] (eq. 2)
And

[ligand total] = [ligand] + [NS5BqssH).ligand] (eq. 3)
So,

[NS5B qgsH)-ligand] = [ligand total] - [ligand] = [NSSBassHjtotal] - [NSSBqest) ] (€9. 4)

We can write

[ligand] = [ligand total] - [NS5B assHytotal] + [NSSB(qssH) | (eq. 5)

Therefore, from equation 1, 2 and 5

Kg = [NS5Baesh)] { [ligand tota] - [NS5B(assHjtotal] + [NS5BqssH) ] } (eq. 6)

[NS5BassHytotall [NS5B(qesH) |
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We also know that the fraction of ligand bound to protein is related to the

florescence measurement as follows

I:fralction bound = [Fobs] - [Fo] / [Fc“":'] - [Fo] = [NSSB(Q65H)] / [NS5B(Q65H)totaI] (GQ- 7)

Where Fpoung) is the fraction of ligand bound to the protein, Fops is the observed
fluorescence, Fo is the fluorescence observed in absence of any ligand (that is
the fluorescence of the protein), and Fo< or Fiinap is the fluorescence with the

ligand when there is no more change in intensity observed.

So from equation 6 and 7 we can define that the proportion of ligand-bound
protein is related to the measured fluorescence emission intensity by the

following equation.

Fibound1= (F (obsy~Fo1) {[(F tfina-F tobs1) (F ffinan/ F 1op) 1+ (Ffobs)-F (o))} (eq.8)

Once we calculate the fraction bound, we plot Fpoung) Versus the total ligand
concentration and the resulting dissociation equilibrium constants were obtained

by fitting the titration data to the equation

Y= ((Ntot+Ptot+Ka)-(( Niot + Piot + Kag)* 2 -(4* Niot * Piot))* 0.5)/(2* Piot) (€q.9)


http://www.symbols.com/encyclopedia/25/251.html
http://www.symbols.com/encyclopedia/25/251.html
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where Nyt [or ligandiotal], Ptot [Or NS5B assH)total], and Kg are the total concentrations
of ligand, protein and the dissociation equilibrium constant, respectively. These
calculations were performed using Kaleidograph 4 software. The values were
confirmed by Graph Pad Prism 4.0 software, using its saturation binding
equation. The number of binding sites was determined by fitting the data for one
binding site and two binding site models of Graph Pad Prism 4.0. Scatchard

analysis was performed using Graph Pad Prism 4.0 software.

1.2.4. Thermodynamics of binding

Thermodynamic parameters, AH (van't Hoff enthalpy), AS (entropy), and AG

(free energy), were determined using the following equations [38]

AG = -RTInK, (eq. 10)

In K, = - AH/RT + AS/R (eq. 11)

R and T are the universal gas constant and absolute temperature, respectively.
Ka, the association equilibrium constant, was determined at four different
temperatures 10, 15, 21 and 25 °C, respectively. AH and AS were determined
from the slope and intercept of a plot of In (K;) vs 1/T. AG was determined from

equation 10.
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1.3. Results

1.3.1. Fluorescence titration of HCV NS5B Q65H mutant protein and

wildtype protein with GTP

To determine the binding constants for the mutant and wildtype structural protein
with its ligand, GTP, direct fluorescence studies were performed as shown in
Figure 3. The Ky was calculated as described in Material and Methods. The
binding of GTP with the NS5B protein resulted in a significant decrease in the
emission fluorescence intensities as observed in earlier work for wild type protein
[39]. This modification of intrinsic florescence of protein upon GTP binding was
utilized in the present studies to calculate the Kq. The Q65H mutant exhibits a Ky
of 11.6 £ 1.2 uyM at 22°C. The value is six times lower than what is reported for
the wild type NS5B protein i.e., 65 uM [39] and three times lower than the Ky for
wildtype calculated by us thereby indicating that the mutant protein binds GTP

more tightly than the wild type protein.

Thermodynamic studies on the binding reaction were carried out to provide a
better understanding of the energetic and entropic characteristics of the binding
reaction of wildtype and Q65H mutant protein with GTP. The dissociation
equilibrium constant at different temperatures is shown in Table 2b. From the

temperature dependence of these dissociation constants, the thermodynamic
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parameters for mutant protein and wildtype protein with respect to GTP were
calculated (Table 2a). Comparative study of mutant and wildtype protein was
carried out only with respect to GTP and not with GDP, Mg?* ion and RNA
template because of limitation of availability of wildtype protein. Figure 4 shows
the van’t Hoff plot based on GTP binding to wildtype and mutant protein; the
values of AS and AH were obtained from the intercept and slope, respectively
(correlation coefficient>0.95). Figure 3 shows a titration curve and the Scatchard
plot. The linearity of the Scatchard plot demonstrates that there is one binding
site for the GTP in the NS5B protein. Further the Kd obtained from the Scatchard
plot corresponded to the Ky obtained from fitting the titration curves by

KaleidaGraph 4.0 as discussed in Material and Methods.
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Complex Kd (pM)

NS5B Q65H +GTP 11.6%1.2
NS5B wildtype +GTP 36.8+1.0
NS5B wildtype +GTP 65 uM

(J Biol Chem 2003:

278(6), 3868-38751)

Table 1. Equilibrium dissociation constants for the interaction of HCV NS5B

Q65H mutant and wild type NS5B with GTP.
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Figure 3. Fluorescence intensity measurements on binding of HCV NS5B

Q65H mutant protein (A) and wildtype(m) protein with GTP at 22°C. Inset:

Scatchard plot of mutant protein.
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Complex AH AS AG

NS5B Q65H +GTP | -565.2 kd/mol -95.5 J/mol -27.1 kdJ/mol

NS5B Wildtype +GTP | -41.8 kdJ/mol -53.6 J/mol -25.6 kJ/mol

Table 2a. Thermodynamic parameters of HCV NS5B Q65H and GTP binding

AH and AS values were determined from van’t Hoff plot. However, AG

values were calculated at 21°C using equation AG = -RT In Keq.
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Complex Kd at 10°C Kd at 15°C Kd at 21°C Kd at 25°C
NS5B Q65H +GTP | 57+ 1.1uM | 10913 M | 154£22uM | 223+24 M
NS5B wildtype | 12.8+1.0pM | 16.0£2.6 uM | 24.8+25uM

+GTP

Table 2b. Equilibrium dissociation constants for the interaction of the HCV

NS5B Q65H mutant and wildtype with GTP, at different temperatures.
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Figure 4. van’t Hoff plot for the interaction of HCV NS5B Q65H(0) and

wildtype(m) protein with GTP.
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1.3.2. Fluorescence Titration of HCV NS5B Q65H mutant protein with GDP

and MgCl;

This is the first report to our knowledge of the interaction between this mutant
structural protein and GDP. To determine the binding constants for the mutant
structural protein with GDP, direct florescence studies were performed as shown
in Figure 5. The Kq was calculated as described in Material and Methods. The
binding of GDP with the mutant protein also resulted in a significant decrease in

the emission fluorescence intensity.

The Q65H mutant exhibits a Kd of 11.7 £ 1.2 uM at room temperature. The inset
in Figure 5 shows a of Scatchard plot. The straight-line generated by Graph Pad
Prism 4.0 for bound/free versus bound ligand clearly demonstrates that there is
one binding site for the GDP in the mutant protein. The Ky obtained by this
program was similar to the one calculated by KaleidaGraph 4.0. The values for
the dissociation constant were determined at different temperatures as shown in
Table 3. From the temperature dependence of these dissociation constants, the
thermodynamic parameters for mutant protein with respect to GDP were
calculated (Table.4). A van't Hoff plot of In Ka versus the reciprocal of
temperature was used to calculate the thermodynamic parameters, entropy (AS),
and enthalpy (AH). Figure 6 shows the van’t Hoff plot based on GDP binding to
Q65H mutant protein; the values of AS and AH were obtained from the intercept

and slope, respectively (correlation coefficient>0.95).
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As with GTP and GDP, we also studied the binding constants of MgCl, to mutant
protein utilizing tryptophan fluorescence. The binding of the mutant protein with
MgCl, resulted in the quenching of emission florescence intensities as observed
earlier for the wild type protein [39]. The Kd of the NS5B Q65H protein when
titrated with MgCl, was found to be 7.9 £ 2.0 mM. The reported value of K4 for
the wildtype HCV structural protein was 3.1 mM [39]. Figure 7 shows Scatchard
plot for MgCl, binding to mutant protein. The analysis revealed that there is one
binding site for the MgCl; in the mutant protein as reported for wildtype protein
[39]. Our results are reconfirmed by a similar Kq calculated by KaleidaGraph

4.0.
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Complex

Kd at 10°C

Kd at 15°C

Kd at21°C

Kd at 25°C

NS5B Q65H +GDP

10.2 £ 0.9uM

12.3+£1.2 uM

14.4 £1.1 uM

15.1 £ 1.5 uM

Table 3. Equilibrium dissociation constants for the interaction of HCV NS5B

Q65H mutant with GDP.
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Figure 5. Fluorescence intensity measurements on binding of

HCV NS5B Q65H mutant protein with GDP at 22 °C.
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Complex AH AS AG

NS5B Q65H +GDP -16.6 kJ/mol 36.5 J/imol -27.3 kJ/mol

Table 4. Thermodynamic parameters of HCV NS5B Q65H and GDP binding.

AH and AS values were determined from van’t Hoff plot. However, AG

values were calculated at 21°C using equation AG = -RT In Keq
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Figure 6. van’t Hoff plot for the interaction of HCV NS5B Q65H(¢) with GDP
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Figure 7. Fluorescence intensity measurements on binding of HCV NS5B

Q65H mutant protein with MqCl-.
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1.3.3. Fluorescence Titration of HCV NS5B Q65H mutant protein with a

19mer RNA template alone and in the presence of GTP and MgCl;

The binding of the HCV NS5B Q65H mutant protein to a single stranded RNA
transcript LE19 [37] was also done in this study. This 19nt sequence is derivative
of the 3' end of the minus-strand RNA of bovine viral diarrhea virus (BVDV). The
three nucleotide unpaired initiation sequence in LE1 9 is predicted to form a
simple stem-loop structure at the 3' end that directs initiation of de-novo RNA
synthesis [37]. Similar to L19, but more stable structure is also found at the 3' end
of the minus-strand HCV RNA [40, 41]. The titration of RNA template alone
(Figure 8a) and in presence of GTP or MgCl; resulted in a decrease in emission
fluorescence intensity upon RNA binding. The Q65H mutant exhibits a Kd of 9.7
+ 1.1 nM at 22°C. This was similar to what was earlier reported for the wild type
protein i.e., 10 nM [39]. Figure 8b shows the saturation curve of the Q65H mutant
protein with 19 mer RNA template alone and in presence of GTP or MgCl,. Table
5 provides the Kd of three different combinations of mutant protein, GTP and
MgCl, complexes with RNA template. Scatchard analysis was for the number of
binding sites for RNA template in the mutant protein demonstrated that there was

one binding site for the template in the mutant protein.
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Figure 8(a). Fluorescence intensity measurements on binding of HCV NS5B

Q65H mutant protein (m) with 19 mer RNA at 22°C. Inset: Scatchard plot of

mutant protein.
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Complex Kd

NS5B Q65H + RNA 9.7 +1.1nM
NS5B Q65H + GTP + RNA 16.3+3.5nM
NS5B Q65H + MgCl, + RNA 13.7 £2.4 nM

Table 5. Equilibrium dissociation constants for the interaction of HCV NS5B

Q65H mutant with 19 mer RNA template alone, and in presence of GTP or

MqCl,.
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Fraction Bound (FDb)
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Figure 8b. Fluorescence intensity measurements on binding of HCV NS5B

Q65H mutant protein with 19mer RNA template (m) alone, and in presence

of GTP (A ) or MgCl, (V).
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1.4. Conclusions and Discussion

Hepatitis C virus is mainly responsible for non-A, non-B hepatitis [8, 42], leading
to one of the most common chronic blood borne infections. This virus develops a
high level of genetic diversity while circulating in infected individuals [43]. The
main reason for this genetic diversity is the error prone replication by NS5B (non
structural 5B), a key replicative enzyme present in this pathogen. NS5B adds the
wrong nucleotides at the rate of 10™* (approximately) generating a high degree of
genetic variation in the circulating viruses in the patient [44, 45]. Further, there
are reports that NS5B itself also accumulates multiple mutations over time. Some
of these mutations that occur during infection may affect RNA dependent RNA

polymerase (RdRp) activity [1].

In this study, we have characterized one mutant of NS5B with change of GIn to
His residue at position 65 in the finger domain [1,10]. This GIn 65 His (Q65H)
mutant is reported to have enhanced in-vitro RdRp activity by as much as 1.8
fold [1] and the reason for this increase in activity was not well understood in

earlier studies.

The studies carried out by us revealed that mutant protein has a six-fold lower Kq
for GTP than the wildtype protein, indicating that the mutant NS5B binds more
tightly. The Q65H mutation comes into existence once the HCV infection has

become chronic, suggesting there might be a link between this mutations in the
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viral genome and the persistence of viral particles in the blood of the infected

individuals.

This study also revealed the difference in the energetic and entropic
characteristics of wild type and mutant protein during their interaction with GTP.
The binding of GTP with both mutant and wildtype NS5B was found to be
ethalpically favored and entropically unfavorable. The interaction of mutant NS5B
with GTP had a more negative enthalpy as compared to the wildtype indicating a
probable increase in electrostatic interactions. The entropy was less favorable
indicating that the hydrophobic interactions are maybe less important. Further,
the hydrophilic polar amino acid glutamine, located on the surface of the finger
domain is replaced by the hydrophilic basic amino acid histidine that is a strong
hydrogen and ionic bond former. This supports our results that the mutant protein
has more negative enthalpy because of an increase in electrostatic interactions
as compared to the wildtype protein. Probably, making the mutant protein
structurally more favorable to carry on RNA dependent RNA polymerase reaction
and resulting in a 1.8 fold increase in RdRp activity. The change in free energy
was also found to be more negative for the mutant NS5B as compared to the
wildtype protein, showing that binding of GTP to the mutant was more favorable
and spontaneous. This putative change is probably providing some stability to
this key protein and may relate to the viral persistence of this protein. This study
shows Q65H differs in GTP binding from wildtype protein indicating binding of

this ligand may be key to the enzymatic activity.



Chapter 2: Interaction of elF4B with Zinc, Other
Eukaryotic Translation Initiation Factors and

Different Structural Elements of RNA

33



34

Eukaryotic translation/protein synthesis is a multistep process, involving
translation initiation, elongation and termination steps. The entire cycle results in
translation of MRNA into a nascent polypeptide chain. This is a crucial event in
any living system for its survival. Numerous entities are involved in this process
from translation initiation factors, mRNA, tRNA, ribosomes, various enzymes,
and translation elongation factors to translation termination factors. Out of all this,
translation initiation is a very important and regulatory step that decides whether

a particular mRNA will undergo translation or not.

Eukaryotic translation initiation is an assembly process. The two subunits of the
ribosome come together to the translation start site on the mRNA to begin
synthesis of the polypeptide chain. This involves help from a large number of
translation initiation factors and regulatory components. The next step in
translation is elongation, during which the polypeptide continues to grow under
the direction provided by template mRNA for the binding of a specific aminoacyl-
tRNA to an elongating ribosome. The last step is translation termination, that is
reached once the translation machinery along with ribosomes and mRNA
reaches a stop codon, resulting in release of the nascent polypeptide to undergo
further processing to form the final protein and all other components of the

translation process go back to start a new cycle of protein synthesis.
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2.1. Interaction elF4B with Zn and other eukaryotic translation initiation

factors

Eukaryotic translation initiation is a complicated process involving numerous
translation initiation factors [46, 47]. The first step in this process is formation of a
43S pre-initiation complex consisting of a 40S ribosomal subunit along with Met-
tRNAi and a few eukaryotic translation factors (elF’s). The next step is
association of the 5'end of mRNA with the 43S pre-initiation complex and
scanning of the mRNA for the start codon. Finally, the 60S ribosomal subunit
associates with the complex to begin translation [48]. Several elF’s - elF3, elF4F
(subunits elF4G, elF4E), elF4B, poly A binding protein (PABP) etc., facilitate the
interaction of 43S with the 5" end of mMRNA. Of these, the interaction between
three eukaryotic translation initiation factors (elF’s), namely elF4F, elF4A and
elF4B, is crucial for the proper occurrence of translation initiation [46]. EIF4A
and/or elF4F catalyze the hydrolysis of ATP to generate the energy that is
essential for translation initiation [46, 49, 50]. The RNA-dependent ATP
hydrolysis activity and ATP-dependent RNA helicase activity of elF4A and elF4F

is enhanced by the presence of eukaryotic translation initiation factor 4B [2].

Eukaryotic translation initiation factor 4B is also reported to play an important role
in organization and assembly of RNA and elFiso4G, elF4A, and poly(A)-binding
protein(PABP)[2]. Cheng et. al. have recently identified elF4B as a zinc binding

protein [3]. We, along with our collaborator Prof. Gallie, reported that Zn
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increases the RNA binding, homodimerisation, and interaction with PABP[3]. We
have conducted biophysical studies on elF4B using endogenous tryptophan
fluorescence and fluorescently labeled RNA to understand the kinetics and
binding of elF4B with zinc and other eukaryotic translation initiation factors,
especially with RNA during the translation initiation process. This study will help
in a better understanding of basic translation initiation machinery and in revealing

how Zn is involved in translation initiation and its regulation process.
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2.1.1. Introduction

2.1.1.1. Eukaryotic Translation Initiation Factor 4B (elF4B)

Wheat germ eukaryotic translation initiation factor 4B is a 59 kDa RNA-binding
protein [46, 51]. The size of wheat elF4B is 20 kDa smaller than mammalian
elF4B [46, 52]. Both wheat and mammalian elF4B perform similar functions of
enhancing the RNA dependent ATPase activity and ATP dependent RNA
helicase activity of elF4A and elF4F during the translation initiation process [2,
53]. Eukaryotic elF4B is also reported to interact with another translation initiation
factor elF3, which along with elF4G is responsible for association of 43S pre-
initiation complex to mMRNA [54, 55]. It is likely that at this stage elF4B facilitates
the interaction of elF3 with elF4F to form the 48S complex [56] and thereby
supports mRNA binding to the ribosome [2, 57-61]. Eukaryotic elF4B also
interacts with poly (A) binding protein (PABP) in both plants and animals [62-64].
The interaction of PAPB and elF4B along with elF4G increases the binding
affinity of PABP for poly(A) RNA [63]. Wheat germ PABP is reported to increase
the binding affinity of elF4F and elFiso4F to the 5’ cap on mRNA [65], and this
binding is further enhanced by the presence of elF4B along with PABP [66]. It
has also been demonstrated in vitro that the interaction between PABP, elF4G,
and elF4B, brings the two ends of mMRNA in close proximity [67], a very important
event to confirm whether the mRNA that is about to undergo translation is intact

or not. If the poly(A) tail at 3’end is missing at this point, the mRNA will not be
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able to bind PABP resulting in slow or abortive translation initiation and loss of
binding of 40S translation initiation complex [2]. Thus, elF4B performs multiple

functions to facilitate the translation initiation process.

Three RNA binding domains are present in plant elF4B. Mammalian and yeast
elF4B have only two RNA binding domains. Wheat elF4B contains an extra novel
N-terminal RNA binding domain, in addition to a conserved RNA recognition
motif and a C-terminal RNA binding domain (Figure 9) [2]. The novel N-terminal
domain in wheat is reported to interact with elFiso4G through its C-proximal
motif. This interaction is not known in elF4B of any other species. Wheat elF4B
also has two binding sites for the PABP on either side of the C-terminal RNA
binding domain. These binding sites contain conserved 41-amino acid repeats.
Next to each repeat is a binding site for elF4A. All these interactions by elF4B
suggests elF4B performs multiple functions and helps the assembly and
organisation process through interactions with several factors and RNA [2]. We

have recently reported that wheat elF4B is also a Zn binding protein [3].

The multiplicity of interactions makes elF4B a very interesting target for study.
Our study on elF4B adds to the better understanding of eukaryotic translation
initiation and regulation. In this study, we investigate the mechanism of the elF4B
and zinc interaction. Further, we also studied the binding of elF4B with RNA and
the preference for different RNA structures. This detailed study of elF4B will

further our understanding of how various viral RNAs use host translation
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machinery for their own protein synthesis and will add another step towards

understanding of the translation initiation and its regulatory process.
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Figure 9. Domain organization of Eukaryotic Translation Initiation Factor 4B
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2.1.1.2. Eukaryotic Translation Initiation Factor 4B (elF4B) Mutants

Full length and different deletion constructs of wheat elF4B were received from
Prof. D. R. Gallie (Department of Biochemistry, University of California,
California) in pGEX-2TK vector fused with GST tag. Each construct consists of
different domain length of elF4B, and differs in binding characteristics with
respect to RNA, elF4A, PABP and other translation initiation factors (Figure 3).
GST-elF4B- (1-527) is a full length elF4B construct. GST-elF4B- (69-527) lacks
the novel N-terminal RNA binding domain. GST-elF4B- (320-527) contains the C-
terminal RNA binding domain. GST-elF4B- (340-527) is our control without any
RNA binding domain. GST-elF4B- (69-360) contains shortest region of the

second RNA binding domain [2].

Figure 10. Eukaryotic translation initiation factor 4B deletion constructs,

showing the number of trptophan residues and different binding properties

with respect to 4A, PABP, RNA and elFiso4G/[2]

elF4B Fragments RNA PABP elF4A elFiso4G  No. of Trptophan
Binding Binding Binding Binding residues

1-527 ++++ ++++ ++++ ++++

69-527 ++++ ++++ ++++

320-527 +++ ++++ ++

69-360 ++++ ++++
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2.1.1.3. Fluorescence Spectroscopy

Fluorescence spectroscopy is discussed in section 1.1.2 of this thesis.

2.1.1.4. Circular Dichroism

Circular dichroism (CD) is a very useful technique to study the secondary
structures in proteins. CD utilizes the difference in absorption of left handed
polarized light and right handed polarized light when it passes through the
optically active molecule. Circular dichroism measures the secondary structure in
the wavelength range 190-250 nm (far-UV region). This wavelength corresponds
to the absorption by peptide bond and the analysis of CD spectrum of this
regions reveals the information about secondary structures such as helices and
beta sheets [68]. Each native protein has a characteristic CD spectrum. Any
change in structure due to its environment, interaction with ligands or other
moieties results in the variation of characteristic CD spectra for that protein. This
analysis is used to understand the interactions and changes in secondary
structure occurring due to various biological events. The positive and negative
maxima, the shape of the spectral curve etc. give specific details of perturbations
occurring within the protein structure [69]. For example, the alpha helical
structures are described by 'w'-shaped spectra with troughs around 222 and 208
nm in the far-UV region while the beta sheet structures are defined by a 'v'-

shaped spectra with a trough around 217-220 nm [69].
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Ellipticity is the main unit for circular dichroism. When the components of
differentially absorbed left handed polarized light and right handed polarized light
are put together, they result in elliptically polarized light. This ellipticity is defined
as the tangent of the ratio of the minor to major elliptical axis [69]. Other units of
CD are molar ellipticity (and mean residual ellipticity (MRE). We have used
circular dichroism to understand the effect of increasing concentration of zinc on

the secondary structures of eukaryotic translation initiation factor 4B.

2.1.1.5. In-vitro Translation and Luciferase Assay

In-vitro translation is a very useful method of translating any mRNA into its
polypeptide product in a cell free system. This technique is useful to study
translation of a particular mRNA without any effect of transcription, post-
translational processing, and protein trafficking etc. [70]. Wheat germ lysate is
one of the commonly used in-vitro translation systems with the advantage of low
cost and low endogenous mRNA levels [71]. This provides minimal background
during the in-vitro translation study. Wheat germ lysate efficiently translates
exogenous mMRNA from a wide variety of sources in a cell free system [72]. The
in-vitro translation system also helps to understand the effect of various factors

on the rate of translation of particular mRNA.
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Once the translation of mRNA is complete, the level of translated polypeptide is
determined using different assays and techniques. The luciferase assay is a
popular method to measure the rate of translation. The /uc-gene coding for
luciferase enzyme is added to the designed transcript, which is translated along
with the desired mRNA. The product of /uc-gene is an oxidative enzyme
luciferase that oxidizes lucifernin in presence of ATP to a luminescent product
that can be measured [73]. The amount of luminescence produced is directly
proportional to the amount of in-vitro translation of luc-gene. Thus, this is a very
useful tool to study the rate of translation of a particular mRNA. We have used
wheat germ in-vitro translation system to study the effect of zinc on translation of
control mMRNA containing the luc-gene. The level of in-vitro translation was then

analyzed using a luciferase assay.
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2.1.2. Material and Methods

2.1.2.1. Expression and Purification of Wheat EIF4B and its Mutants

We received the full length and domain deletion constructs containing our elF4B
inserts of interest fused with GST tag in pGEX-2TK vector, from our collaborator
Prof. D. R. Gallie, Department of Biochemistry, University of California, Riverside,
California. The first step was to scale up the amount of plasmid received.
Transformation was done by heat shock method using DH5a cells. The
transformed cells were then selected on LB agar plate containing 100 pg/ml
ampicillin. After selection, a single colony was picked and inoculated in 10 ml LB
media containing 100 pg/ml ampicillin for plasmid isolation. The plasmid isolation
protocol is described in the appendix. For protein expression the BL21 (DE3)
pLys S cells are transformed with the isolated plasmids. The transformed cells

were then selected on an LB agar plate containing 100 ug/ml ampicillin.

Cells containing pGEX-2TK vector containing elF4B inserts of interest fused with
GST tag were selected by colony selection and inoculated into 15 ml LB media
with 100 pg/ml Ampicillin. After being grown overnight, the culture was
transferred to 1.2 liter LB medium with 100 pg/ml Ampicillin. After being grown to
an absorbance of 0.6 ODggo, the cells were treated with 0.1 gm/L isopropyl 3-D-
thiogalactopyranoside (IPTG) in order to induce protein expression and further

incubated for overnight. Cells containing the vector were selected by colony
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selection. The pellets were collected by centrifugation for 15 min and 7000 rpm
at 4°C and resuspended in 1X cold PBS (50 pl/1 ml culture, or 50 ml for 1 L)
containing one Roche-complete protease inhibitor cocktail tablet. Cells were
lysed by sonication by short bursts until disrupted. Cells were spun at 12,000 g
for 10 min at 4°C to pellet down cell debris. The supernatant was collected and
subjected to ultra-centrifugation at 40,000g for 2 hrs. The supernatant was
collected and passed through 45 ym filter before loading into 1 ml GSTrap FF
column. The protein was eluted using elution buffer (50 mM Tris HCI, 10 mM
reduced glutathione pH 8.0). The protein containing fractions were immediately
pooled. The dialysis was performed using 1XPBS buffer to remove glutathione
from the protein preparation. The concentration of purified protein was
calculated using a Bradford assay. The purified protein was then stored at -

80°C for further studies.

2.1.2.2. Expression and Purification PABP

Glycerol stock of BL21 (DE3) pLys E. coli containing pET19b construct with a
PABP insert was plated on LB agar plate containing 100 ug/ml ampicillin and 34
pug/ml chloramphenicol. The cells containing pET19b vector containing the PABP
insert of interest fused with a His tag were selected by colony selection and
inoculated into 15ml LB media with 100 pg/ml ampicillin. After being grown

overnight, the culture was transferred to 1.2 liter LB medium with 100 pg/ml



47

ampicillin and 34 pg/ml chloramphenicol. After being grown to an absorbance of
0.6 ODegoo, the cells were induced with 0.1 gm/L isopropyl B-D-
thiogalactopyranoside (IPTG) and further incubated overnight. Cells containing
vectors were also selected by colony selection. The pellets were collected by
centrifugation for 15min and 6000 rpm at 4°C and resuspended in binding buffer
(5 mM Imidazole, 0.5 M NaCl, 20 mM Tris HCI pH 7.9) containing one Roche-
complete protease inhibitor cocktail tablet. Cells were lysed by sonication by
short bursts until disrupted. Cells were spun at 15,000 g for 15 min at 4°C to
pellet down cell debris. Supernatant was collected and ultra centrifuged at 40,000
g for 2 hrs. The supernatant was collected and passed through a 45 ym filter
before loading into Novagen His*Bind® column containing Ni?*-charged His*Bind
Resin. The protein was collected in 20 mM Tris-HCI (pH 7.9), 500 mM NaCl, and
1 M imidazole using His-bind kit protocol (Novagen). The protein containing
fractions were immediately pooled. Dialysis was performed using 20 mM Tris-HCI
(pH 7.6), 0.15 mM NaCl to remove imidazole from the protein preparation. The
samples were passed through a 0.22 um filter (Millipore) before conducting the
spectroscopy measurements. The concentration of purified protein was
calculated using a Bradford assay. The purified protein was then stored at -80°C

for further studies.
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2.1.2.3. Fluorescence Measurements

Fluorescence measurements were carried out at 22 * C on a SPEX Fluorolog-t-2
spectrofluorometer equipped with a high-intensity (450 W) xenon arc lamp.
Excitation and emission slit widths of 2.0 mm and 3.0 mm were used, and a path
length of 1.0 cm was employed. All chemicals were molecular biology grade.
Binding experiments were performed using 50 nM and 150 nM elF4B (1-527)
protein to which increasing amounts of ZnCl,, MgCl, and poly (A) RNA were
added individually in different experiments. To study the competition between
Zn** and Mg?* metal ion for the binding sites in the protein, elF4B (1-527) was
titrated with MgCl; in the presence of 1000 nM ZnCl,. The background emission
was eliminated by subtracting the signal from buffer containing an appropriate
quantity of substrate. Data were averages of three or more titrations.  All
experiments were performed using an excitation wavelength of 280 nm to
monitor the emission at 332 nm. The binding buffer used for all fluorescence

studies consisted of 20 mM HEPES, 100 mM KCI (pH 7.6).

2.1.2.4. Data Treatment

The fluorescence was normalized by using the formula f, = (Fo — Fobs)/(Fobs — Foa
)(Fo/lFac) + (Fo — Fobs), Which is directly related to the fraction of protein bound

(f), where Fqps is the observed fluorescence, Fy is the fluorescence observed in
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the absence of any metal ion (that is the fluorescence of the protein) and Fac is
the fluorescence at saturation. The normalized fluorescence was used to
determine the equilibrium dissociation constant (K,). The details of the data fitting
are described elsewhere [46, 65, 74] Nonlinear least squares fitting of the data

were performed using KaleidaGraph software Version 4.

2.1.2.5. Circular dichroism

Far UV-Circular dichroism spectra for the full length eukaryotic translation
initiation factor 4B were collected on a CD Spectrometer Model 202-01 from Aviv
Biomedical Inc. The spectra were measured in 10 mM sodium phosphate, 100
mM NaCl pH 7.4 buffer. Measurements were done in a 1.0 mm path length
quartz cuvette at 22°C. Each spectrum is the average of 10 scans. The 200
Mg/ml protein concentration was used for all measurements. After each addition
of zinc, the sample was incubated for at least 15 minutes before taking the

reading.

2.1.2.6. Wheat Germ Lysate Preparation

Natural raw wheat germ (Bob’s Red Mill, Oregon) was used for the preparation of

wheat germ lysate for luciferase activity. Lysate was prepared according to a
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published procedure [75]. Wheat germ was converted to fine powder by
vigorously mixing with alumina powder and grinding in a pre-chilled mortar and
pistil. Powdered wheat germ was mixed well with buffer E (20mM HEPES.KOH,
pH 7.6, TmM Mg(OAc)z, 2 mM CaCl,, 6 mM B-mercaptoethanol, 120 mM KCl, 0.1
mg/ml of soybean trypsin inhibitor and 0.5 mM PMSF. The mixture was then
centrifuged at 15000 g for 20 min at 4°C. Fatty acids as top layer were discarded
and the remaining supernatant was passed through a Sephadex G-25 column.
Fractions were collected starting with the emergence of material that absorbed at
260 nm and ending when absorbance dropped below 90 units/ml. Absorbance
for the pooled fraction was measured and aliquots of prepared wheat germ lysate

were stored at -80°C.

2.1.2.7. In-vitro Translation and Luciferase Assay

In-vitro translation was carried out in wheat germ lysate supplemented with 10
MM complete amino acid mixture (Promega), 50 units of RNase inhibitor,
luciferase assay buffer (25 mM Tricine, pH 8.0, 5 mM MgCl,, 0.1 mM EDTA
supplemented with 33.3 mM DTT (dithiothreitol), 0.25 mM coenzyme A, and 0.5
mM ATP) for luciferase activity, 1ug of luciferase control RNA (Promega) with
and without 200 uM zinc chloride. The translation reactions were incubated at

22°C for 2 hrs. Luciferase activity was calculated by measuring light emitted upon
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addition of 0.5 mM luciferin. Each reaction was conducted in duplicate/triplicate

and constant volume was maintained for all reactions.
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Results

2.1.3.1. Interaction of Full-Length elF4B and Zn

This is the first biophysical study characterizing the interaction of eukaryotic
translation initiation factor 4B and zinc. We reported, along with our collaborator
Prof. Gallie that wheat protein elF4B is a zinc binding protein [3]. The binding
was found to affect some characteristic elF4B properties such as
homodimerization, binding with RNA, and interaction with poly(A)-binding protein
[3]. These findings prompted further investigation into the mechanism of binding
of elF4B with zinc in order to determine any regulatory role of this interaction on

the overall eukaryotic translation initiation process.

The intrinsic florescence of elF4B on zinc binding was used in the present
studies to calculate the Kq (Figure 11). The wheat elF4B exhibits a K4 of 19.7 &
1.6 nM at 22°C [3]. This low Ky clearly indicates that there is a very tight

interaction between elF4B and zinc.
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Figure 11. Fluorescence intensity measurements on binding of full lenqth

elF4B with zinc chloride at 22°C [3].
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2.1.3.2. Interaction of EIF4B Deletion Mutants and Zn

Next, we wanted to see if the binding of zinc and its effect is associated with any
particular domain. To study this, we used various deletion constructs of elF4B
containing different domains. Each construct consists of a different domain length
of elF4B, and differs in binding characteristics with respect to RNA, elF4A, PABP
and other translation initiation factors. GST-elF4B- (1-527) is a full length elF4B
construct. GST-elF4B- (69-527) lacks the novel N-terminal RNA binding domain.
GST-elF4B- (320-527) contains the C-terminal RNA binding domain. GST-elF4B-

(69-360) contains second RNA binding domain [2].

To determine the binding constants for the deletion mutant protein with zinc,
direct florescence studies were performed as shown in Figures 12, 13 and 14.

The K4 was calculated as described in Material and Methods.

The binding data revealed that zinc interacts most tightly with full length elF4B.
However, as the deletion extends towards the C-terminal, zinc binding
decreases. This study was not successful in localizing the zinc binding to a

specific domain.



Complex Kd (nM)
eF4B(1-527) + ZnCl, 19.7 1.6
4B(69-360) + ZnCl, 451%5.0
4B(69-527) + ZnCl, 59.8+7.6

4B(320-527) + ZnCl, 79.7+45
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Table 6. Equilibrium dissociation constants for the interaction of full length

elF4B and its deletion mutants with zinc chloride determined by

fluorescence titration at 22°C.
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Figure 12. Fluorescence intensity measurements on binding of elF4B(69-

360) with zinc chloride at 22°C.
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Figure 13. Fluorescence intensity measurements on binding of elF4B(69-

527) with zinc chloride at 22°C.
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Figure 14. Fluorescence intensity measurements on binding of elF4B(320-

527) with zinc chloride at 22°C.
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2.1.3.3. Interaction of EIF4B and other Divalent Metal Mg with/without Zn

Magnesium bound elF4B with a K, of 42.4 + 5.3 nM, showing that elF4B binds
zinc more strongly than it does magnesium [3]. The Ky for Mg®* was virtually
unchanged when 1000 nM Zn* was included in the analysis (Table 7),
suggesting that Mg?* binds to elF4B independently of Zn?* [3]. It is noted that
monovalent ion potassium was also present in titration buffer to stabilize the

protein. The effect of other monovalent ions on elF4B was not studied.

PABP and zinc binding affinities were also studied to observe if the interaction
with zinc is specific to elF4B or not. Results showed a much weaker interaction
with PABP (Ky4 = 33.6 + 5.8 uM) than elF4B. The Kd was calculated by fitting the

titration curves by KaleidaGraph 4.0 as discussed in Material and Methods.


http://www.jbc.org/cgi/content/full/283/52/36140#TBL1#TBL1
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Complex Kd
eF4B(1-527) + ZnCl, 19.7 % 1.6nM
elF4B(1-527) + MgCl, 42.4 5.3 nM

elF4B(1-527).ZnCl, + MgCl, 40.1£5.1 nM

Table 7. Equilibrium dissociation constants for the interaction of full length

elF4B with zinc chloride and magnesium chloride (in presence and absence

of 1000nM zinc chloride).
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2.1.3.4. Interaction of EIF4B full length/elF4B mutant and Poly (A) RNA

with/without Zinc

After studying the interaction of zinc with elF4B and its mutants and the effect of
divalent ions, we further investigated the effect of zinc on other properties such
as RNA binding of elF4B. The binding studies of elF4B full length and (320-527)
deletion mutant with poly (A) RNA with/without zinc was carried out. The 320-527
mutant contains only the C-terminal RNA binding domain. The binding of poly (A)
RNA with the elF4B full length and mutant protein resulted in a decrease in the

emission fluorescence intensities.

Data analysis revealed that full length elF4B and the 320-527 deletion mutant
show similar binding with RNA (Table.8). The binding of proteins to RNA became
tighter with proteins upon addition of zinc. The full length elF4B protein exhibits a
Ky of 77 £ 7 nM at room temperature, while the (320-527) mutant protein
exhibited a Kq of 61.9 + 6.4 nM. The value of the dissociation constant for both
proteins was significantly decreased upon addition of zinc, giving a Ky of

approximately 45 + 3 nM.

Similarity in the values of K4 and the changes on addition of zinc, indicates that
probably the RNA binding and the observed effect on addition of zinc is mainly

from the C-terminal domain of the elF4B protein.
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20mer poly (A) RNA (nM)

4B(1-527) 7707
4B(320-527) 61.9 + 6.4
4B(1-527) +20 pM ZnCI2 45+ 3

Table 8. Equilibrium dissociation constants for the interaction of elF4Bfull

length/ mutant with poly A RNA alone, and in the presence of 20 uM of

ZnCl,.
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2.1.3.5. Circular dichroism analysis of interaction of elF4B and Zn

To better understand how the binding of zinc affects elF4B structure circular
dichroism analysis was conducted. Circular dichroism is a useful tool to study
secondary structures and we used it to study the effect of zinc on the secondary
structure of full length eukaryotic translation initiation factor 4B. The addition of

zinc to elF4B resulted in a change in CD spectra (Figure 15).

The circular dichroism analysis revealed that addition of zinc to elF4B results in a
change in alpha helical content of elF4B. elF4B contains approximately 12%
alpha helix in its secondary structure. The addition of increasing amount of zinc
resulted in more than 50% decrease in alpha helical content of the protein. After
addition of 200 uM of zinc, no further significant change was observed in circular

dichroism spectra of elF4B (Figure 16).
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Figure 15. CD analysis of full length elF4B alone and in the presence of

different concentrations of ZnCl,.
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Figure 16. Change in Alpha content of full length eukaryotic translation

initiation factor 4B with increase in Zn concentration.
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2.1.3.6. Effect of Zn on In-vitro Translation of Wheat Germ Lysate and

Luciferase Assay

The structural analysis from fluorescence studies and circular dichroism of
eukaryotic translation factor elF4B and zinc showed that zinc binds very tightly
with elF4B. Interaction of zinc with elF4B resulted in a change in secondary
structure of elF4B. The next step in this study was to do analysis of the effect of

zinc on elF4B in a biological system.

The wheat germ lysate was prepared in the laboratory as described in Material
and Methods. Control RNA containing luc-gene (Promega) was used for
translation. In-vitro translation of control RNA was conducted in wheat germ
lysate in the presence and absence of zinc. This reaction was followed by a
luciferase assay to measure the emission of light as a result of oxidation of

luciferin by luciferase enzyme (product of /Juc-gene) using a luminometer.

Our results indicate that addition of zinc enhances the rate of in-vitro translation
in wheat germ lysate. This is a biological assay supporting our biophysical
analysis of effect of zinc on eukaryotic translation initiation factor 4B. The
increase in the rate of translation in in-vitro system on addition of zinc suggests

that it plays some regulatory role in the eukaryotic translation initiation process.
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Figure 17. The effect of zinc on in-vitro translation of control

luciferase RNA in wheat germ extract. First bar showing in-vitro

translation without zinc and second bar showing in-vitro translation

in presence of 200 uM zinc.
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2.1.3.7. EIF4B, PABP and 29 mer RNA interaction

To study the effect of zinc on elF4B and other translation initiation factors,
equilibrium dissociation constants for their binding were studied. We studied the
binding of eukaryotic translation initiation factor 4B and poly (A) binding protein
(PABP). The K4 was calculated as described in Material and Methods. EIF4B and
PABP bind very tightly with each other, Kqof 11.1 £ 1.1 nM similar to the value
reported earlier [62]. The 29 mer RNA oligo with fluorescein tag at 3’end
(described in Material and Methods) was designed to study the binding of elF4B
with any RNA molecule in the presence of PABP and later also with zinc. We
labeled the oligo because we wanted to study its interaction with the protein
complex. It is difficult to perform complex binding analysis using intrinsic protein
fluorescence because of the involvement of two proteins in the experiment. The
RNA molecule contained a small 5 nucleotide loop and 4 base stem with
unpaired bases on either side of this structure. The elF4B showed a very tight
binding both in thepresence and absence of PABP with this structure. The extent
of tight binding between these factors and RNA was at the limit of concentration
measurements, and the data with picomolar concentrations are not possible. This
imposed a limit for us to further investigate the effect of zinc on these

interactions.

The binding between elF4B and 29mer stem loop RNA as compared to poly (A)

was more than 40 fold tighter. This interesting result raised the question of
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whether elF4B binds differently with different RNA structures. We investigated
this further, and the findings of this study are elaborated in chapter 2.2 of this

study.
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COMPLEX Kd (nM)
elF4B + RNA 1.8 £0.6 (Less than 2nM)

elF4B + PABP 11.1+£11
elF4B.PABP + RNA 1.6 £ 0.5 (Less than 2nM)

Table 9. Equilibrium dissociation constants for the interaction of 29mer

RNA with elF4B alone, and elF4B full length complexed with PABP, as

determined by fluorescence anisotropy.
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2.1.4. Conclusions and Discussion

Eukaryotic translation initiation factor 4B is an important part of translation
initiation process. We found in our biophysical study that wheat elF4B binds very
tightly with zinc with a Ky in the low nM range. Upon binding with zinc, the
fluorescence spectra of the protein showed a significant decrease in the emission
fluorescence intensities, indicating that upon binding with zinc the conformation

of elF4B is changed.

Next, we were interested in finding if the zinc binding property is specifically
associated with any particular domain of elF4B. We used different domain
deletion constructs of elF4B that differ in binding characteristics with respect to
RNA, elF4A, PABP and other translation initiation factors. The binding data
revealed that zinc interacts most tightly with full length elF4B. This study was not

successful in precisely defining the zinc binding domain.

Further, we investigated if this effect is specific to zinc or can be demonstrated by
any divalent ion. We observed that the binding of elF4B with magnesium ion, is
weaker compared to zinc and the Ky for magnesium was virtually unchanged
when 1000 nm zinc was included in the analysis, suggesting that magnesium
binds to elF4B independently of zinc. In the biochemical studies, our collaborator

also found similar results and observed that the presence of other divalent ions,
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Mg®*, Ca®*, or Mn?** had no effect on elF4B self-association [3]. This outcome

clearly indicates that the binding of elF4B is specific to zinc.

The above results lead to the question, if this binding is so specific then what is
the effect of zinc on other properties of elF4B? To answer this, the RNA binding
property of elF4B was studied. The effect of zinc on the interaction of elF4B and
poly (A) RNA was investigated. The results indicated that the presence of zinc
results in tighter interaction of elF4B and poly(A) RNA. The C-terminal domain
was found to have a greater effect with RNA binding in the presence of zinc as
reported earlier in the biochemical study [3]. This C-terminal RNA binding domain
actually plays a crucial role in the assembly process. The binding site for elF4A
and two binding sites for the poly(A)-binding protein are present in a region within
each of two conserved 41-amino acid repeat domains on either side of the C-
terminal RNA binding domain, supporting a central role for this conserved elF4B
domain in facilitating interaction with other components of the translational
machinery [2]. This makes it structurally a better target for the binding with the

RNA template.

The CD analysis showed that the presence of zinc results in significant change in
the secondary structure of protein. The alpha helix was reduced more than 50%
at 200 uM zinc concentration. We have also conducted a secondary structure
prediction using predict protein server [76]. The server analysis revealed that

there is approximately 11.4% helix in the full length protein. Further details
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showed that out of 11.4% helix more that 90% of it is located in C-terminal part of
the protein. Our collaborator along with our earlier results suggested that the
sequence C-terminal to the C-terminal RNA binding domain is probably required
to have the complete stimulatory effect of zinc on elF4B [3]. The computational
analysis also pointed to this region where the maximum percentage of alpha
helix is present. The CD data revealed that this helical secondary structure is
changed on addition of zinc. This result is supported by the CD investigation
conducted by another member of the lab on elF4B 69-527 mutant. She observed
that 69-527 mutant showed more than 60% reduction in alpha helix on addition of
200 yM zinc. The percentage alpha helix content of the overall protein increased
in the mutant lacking the N-terminal domain and the change in alpha helix also
increased. This is definitely due to the presence of most of the alpha helical

content in the C-terminal region of the protein.

Interestingly, zinc belongs to a group of metals that has a preference for the
imidazole ring of histidine residues in proteins [77, 78]. elF4B has seven histidine
residues that could potentially interact with zinc. Sequence analysis revealed that
out of seven His residues, six are present in the C-terminal region of the protein
starting after residue number 320. Interaction with His residues may explain why

the effect of zinc is most prominent on the C-terminal region of elF4B.

The computational analysis, fluorimetric result and CD data together were able to

address the question “how does zinc affect the functions of elF4B”? Upon
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binding with elF4B zinc causes a change in secondary structure of elF4B,
(mainly helical structure in the C-terminal domain of the protein) that makes the
protein conformation more favorable for dimerization, RNA binding, and
interaction with other eukaryotic translation initiation factors. The C-terminal
domain of elF4B is very critical in this sense as it has most of the other
interacting protein binding sites and it becomes more favorable structurally in the

presence of zinc.

elF4B can serve, as an important therapeutic target, since its role in the binding
of the scaffold protein elF4G, is regulatory during the assembly of the initiation
complex. The assembly of various entities at initiation, the complexity and
organization of eukaryotic translations initiation factors, the presence of RNA and
the recruitment of the ribosomal complex resulting in synthesis of a native
polypeptide is a complex process that is not well understood. It is the aim of
these studies to elucidate the role of the elF4B and elF4B-Zn at this highly
complex site. This study is particularly important in plants since zinc is one of the
key nutrients in their system. Further studies will determine if the amount of zinc
in soil, and the amount absorbed by plants also determines the level of
translation initiation in plants. This will improve our understanding of growth and

development of various systems and the effects of the environment upon it.
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Figure 18. Schematic representation of interaction of elF4B with the RNA

and PABP during eukaryotic translation initiation process in the presence

and absence of zinc. (i) In absence of zinc the interaction is weak and

without any change in conformation of elF4B. (ii) In the presence of zinc

the change in conformation of elF4B take place and the interaction is

strong.
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2.2. Interaction of elF4B with Different Structural Elements of RNA

2.21. Introduction

2.2.1.1. elF4B and RNA structure

Eukaryotic translation initiation factor 4B is an RNA binding protein whose
function is to enhance the RNA-dependent ATPase activity and ATP-dependent
RNA helicase activity of elF4A and elF4F during the translation initiation process
[2, 53]. Eukaryotic elF4B also interacts with another translation initiation factor
elF3, which along with elF4G is responsible for association of the 43S pre-
initiation complex to mMRNA [54, 55]. Probably at this stage, elF4B facilitates the
interaction of elF3 with elF4F, to form the 48S complex[56] and supports mMRNA

binding to the ribosome [2, 57-61].

Earlier studies suggested that translation of mRNA with moderately stable
secondary structure in the 5’ leader is highly stimulated in yeast by elF4B as
compared to the mRNA with little secondary structure [2, 79]. It was observed
that during the selection process the RNA recognition motif (RRM) of elF4B
showed more preference for binding to RNA with a stem loop structure [2, 80].
Further, in the presence of elF4A, the C-terminal domain is the primary domain
responsible for RNA affinity but in its absence, RRM also plays a significant role

[2, 80]. However, there is a lack of binding data and equilibrium constants.
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During the studies of the effect of zinc on binding of eukaryotic translation
initiation factor 4B, we observed the binding of elF4B with structured RNA was
found to be 40 times tighter than poly A RNA. It was already known that elF4B is
a RNA binding protein and this result suggested that elF4B may be involved in

the selection of RNA during the translation initiation process.

To better understand the role of elF4B in the selection of RNA, we studied the
interaction of elF4B with structurally different RNAs and the effect of elF4A on

this interaction.

2.2.1.2. EIF4A

Eukaryotic translation initiation factor 4A is an RNA helicase, an RNA- dependent
ATPase and ATP-dependent RNA binding protein [81-85]. EIF4A is prototypical
of a large family of helicases known as the DEAD-box family [86]. The DEAD-box
name is given because of the presence of a conserved sequence of four D-E-A-

D amino acid residues.

EIF4A, elF4B and elF4F together are crucial for binding of the ribosome with

mRNA. The primary role of elF4A in cap-dependent translation initiation is to
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unwind the secondary structure present in the 5° UTR of mRNA to facilitate the

ribosome binding and scanning for the initiation codon.

Binding and hydrolysis of ATP and its hydrolysis by elF4A leads to a change in
the conformation of the protein and its affinity for RNA. There are a number of
structural studies of elF4A in open and closed conformations. It was reported
that elF4A has only a very weak helicase activity on its own [87] and cannot
process because it dissociates from ssRNA faster than it hydrolyses ATP [81, 82,
85, 88]. EIF4B promotes the RNA-dependent ATPase activity and ATP-

dependent RNA helicase activity of elF4A.

EIF4A is present in both the free form and as a part/subunit of elF4F in
eukaryotes, binding to two sites in mammalian elF4G and to a single site in yeast

elF4G [82, 89-91].

2.2.1.3. Fluorescence Anisotropy

Fluorescence anisotropy is a very useful biophysical tool to study the interaction
between two proteins or protein and their ligands and helps to determine the
binding constant between them. The theory behind this phenomenon is if we
pass a polarized light through a fluorophore it will also further emit the polarized

light. The amount of polarized light emitted depends on the location, size and
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movement of the fluorophore. Upon interaction with the larger molecule, the
fluorophore tumbling gets reduced. This results in an increase in polarized signal
which can be used to determine various biophysical parameters. For our
experiments, a fluorophore was present on the smaller of the two entities so that

the effect of binding could be clearly observed.

The method to calculate the anisotropy is shown in Figure 18. Firstly the sample
is excited with linearly polarized light and the polarizer is used to measure the
emission intensity. The polarizer can be oriented either parallel or perpendicular
to the plane of polarization of the incident beam. Depending on its orientation the
observed light intensities are called /; (I parallel) or (]l perpendicular). These

intensities are then used to calculate anisotropy (r) [4].

Inn— I+
r= ——
I+ 21+

The change in the anisotropy of various small 29mer RNAs, labeled with
fluorecein upon binding with elF4B or elF4B and elF4A complex is used to
calculate the binding constants in this study. The anisotropy data was fitted to the

following equation to determine the dissociation equilibrium constant [92, 93]

Fobs= FminHt{(Fmax—"min)/(2X['RNA])}{b-(b*-4[ 'RNA][elFs])"0.5}


http://www.sciencedirect.com.ezproxy.gc.cuny.edu/science?_ob=MathURL&_method=retrieve&_udi=B8JH3-4T1NX2R-1&_mathId=mml1&_user=699479&_cdi=43687&_pii=S187493990800151X&_rdoc=7&_issn=18749399&_acct=C000039280&_version=1&_userid=699479&md5=3923ec2a374cc19044abb891a63d5c6b
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where, b =Ky + [F'RNA] + [elFs], rops is the observed anisotropy for any point in
the titration curve, i, is the minimum observed anisotropy in the absence of
protein, rmax is the maximum anisotropy at saturation and is fit as a parameter.
Nonlinear least squares fitting of the titration data was performed using

KaleidaGraph software 4.
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Detector

Figure 19. Schematic representation of Florescence Anisotropy [4]
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2.2.2. Material and Methods

2.2.2.1. Materials

Five 29 mer RNA were designed with different secondary structures using
RNAfold [94-96] software. All RNA and 20mer poly A RNA were purchased from
Genelink Hawthorne, NY. All RNA except 20mer poly A RNA and partially double

stranded RNA has a fluorecein label at the 3’ end.

29 mer RNA sequences used in the study (structures are shown in Table 10):

1) 29mer RNA.

5' GGGAAGGAAGGUCGAAAGGACCAACAGCU 3'

2) 29mer linear RNA (29merlinear).

5' GGGAAGCAACGAGGAAGGGAUCAACAGUU 3

3) 29mer RNA with 8 nucleotide loop(29mer8loop) .

5 GGGAUCGGAUGAAGCACCGGGUAAACAGC 3’

4). 29mer RNA with 5 nucleotide loop and base paired stem
(29merSloopcomplete bp).

5' GGGUAAGGAAGGCUGAACCUUCCUUACCC 3’
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5) Partial double stranded RNA oligo. (Fluorescein label at 5' end of smaller

strand).

a). 14mer RNA(14merRNAfluor) with fluorescein label at 5' end (smaller strand)

5' GGGGCAGCGCAGCG 3'

b). 35mer RNA (35merRNA) (larger strand)

5' GGGACCAUGGAACAACAUUAUCGCUGCGCUGCcCC 3!

2.2.2.2. Expression and Purification of elF4B

A plasmid containing full length elF4B was received from Prof. D. R. Gallie,
Department of Biochemistry, University of California, Riverside, California). The
first step was to scale up the amount of plasmid received. Transformation was
done by heat shock method using DH5a cells. The transformed cells were then
selected on LB agar plate containing 100 ug/ml ampicillin. After selection, a
single colony was picked and inoculated in 10 ml LB media containing 100 ug/ml
ampicillin for plasmid isolation. The plasmid isolation protocol is described in the
Appendix. For protein expression the BL21 (DE3) pLys S cells were transformed
with the isolated plasmids. The transformed cells were then selected on LB agar

plate containing 100 pg/ml ampicillin.
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Cells containing pGEX-2TK vector containing our elF4B inserts of interest fused
with GST tag were selected by colony selection and inoculated into 15ml LB
media with 100 pg/ml ampicillin. After being grown overnight, the culture was
transferred to 1.2 liter LB medium with 100pg/ml ampicillin and grown to 0.6
ODsggo. The cells were induced with 0.1gm/L isopropyl 3-D-thiogalactopyranoside
(IPTG) and further incubated for overnight. The pellets were collected by
centrifugation for 15 min, 7000 rpm at 4°C and resuspended in 1X cold PBS (50
pi/1 ml culture, or 50 ml for 1 L) containing one Roche-complete protease
inhibitor cocktail tablet. Cells were lysed by sonication by short bursts until
disrupted. Cells were spun at 12,000 g for 10 min at 4°C to pellet down cell
debris. Supernatant was collected and ultra centrifuged at 40,000 g for 2 hrs. The
supernatant was collected and passed through a 45 um filter before loading into
1ml GSTrap FF column. The protein was eluted from the column using elution
buffer (50 mM Tris HCI, 10 mM reduced glutathione pH 8.0). The protein
containing fractions were immediately pooled and dialysed using 1XPBS buffer to
remove glutathione from the protein preparation. The concentration of purified
protein was calculated using a Bradford assay with BSA as standard. The

purified protein in 1X PBS was then stored at -80°C for further studies.
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2.2.2.3. Expression and Purification of elF4A

For protein expression the BL21 (DE3) pLys S cells are transformed with the
isolated plasmids containing elF4A insert. The transformed cells were then
selected on LB agar plate containing 100 pg/ml ampicilin and 34 pg/ml
chloramphenicol. Cells containing pET23d vector containing our elF4A inserts of
interest fused with his tag were selected by colony selection and inoculated into
15 ml LB media with 100 pg/ml ampicillin and 34 pg/ml chloramphenicol. After
being grown overnight, the culture was transferred to 1.2 liter LB medium with 100
pg/ml ampicillin and 34 pg/ml chloramphenicol. After being grown to 0.6 ODsggo
and induced with 0.1 gm/L isopropyl B-D-thiogalactopyranoside (IPTG) and
further incubated for overnight. The pellets were collected by centrifugation for
15 min and 6000 rpm at 4°C and resuspended in binding buffer (5 mM Imidazole,
0.5 M NaCl, 20 mM Tris HCI pH 7.9) containing one Roche-complete protease
inhibitor cocktail tablet. Cells were lysed by sonication by short bursts until
disrupted. Cells were spun at 15,000 g for 15 min at 4°C to pellet down cell
debris. The supernatant was collected and ultra centrifuged at 40,000 g for 2 hrs.
The supernatant was collected and passed through a 45 um filter before loading
into a Novagen His*Bind® column containing Ni**-charged His*Bind Resin. The
protein was collected in 20 mM Tris-HCI (pH 7.9), 500 mM NaCl, and 1 M
imidazole using His-bind kit protocol (Novagen). The protein containing fractions
were immediately pooled. The dialysis was performed using 20 mM Tris-HCI (pH

7.6), 0.15 mM NaCl to remove imidazole from the protein preparation. The
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samples were passed through a 0.22 um filter (Millipore) before conducting the
spectroscopy measurements. The concentration of purified protein was
calculated using Bradford assay with as standard. The purified protein was then

stored at -80°C for further studies.

2.2.2.4. Anisotropy Measurements

The protein- RNA interaction and protein complex- RNA interaction were studied
using the change in anisotropy (r) of structurally different fluorescein labeled
RNA. Twenty to fifty nM fluorescein labeled RNA was used during the titration
with increasing concentrations of elF4B or elF4B=elF4A complex. The
fluorophore was excited at 490 nm and emission was monitored at 519 nm. All
titrations were carried out in titration buffer containing 20 mM HEPES, 100 mM KClI
(pH 7.6) at 22 °C. A Spex Fluorolog 12 spectrofluorimeter equipped with excitation
and emission polarizers was used. Anisotropy was measured using an L-format
detection configuration. The excitation and emission slits were 4 nm and 5 nm,

respectively. All samples were incubated for 10 min before data collection.



87

2.2.3. Results

2.2.3.1. RNA Sequences and Predicted Structures

RNAfold server from Vienna RNA package [94-96] was used to predict the

minimum free energy secondary structure of various RNA sequences.

The first sequence was designed using a random sequence to give desired and
stable stem-loop structure with some unpaired nucleotides on either end. This
sequence has 4 base pair stem and 5 nucleotide loop. The other sequences
were derived from this using minimum change in nucleotide composition to

obtain the desired structures.

Three more sequences with different structures were designed. The second
sequence we designed was linear RNA to answer the question whether the
binding of elF4B is low only with poly (A) RNA or with any linear RNA. Next, RNA
with a 4 base pair stem and 8 nucleotide loop was used to see the effect of the
size of the loop on binding. The fourth sequence used in this study was
designed with a 5 base pair stem and completely base paired stem to understand
if ds RNA is important for this interaction. All designed sequences used in this

study were 29 nucleotide in length (Table 10).
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S.No.

RNA
Characterstics

RNA Sequence

RNA Structure

20mer poly (A)
oligonucleotide

5’AAAAAAAAAAAAAAAAAAAAZ

29mer RNA - 4 bp
stem 5 nt loop with
fluorescein label at
3'end.

5'GGGAAGGAAGGUCGAAAGGACCAACAGCU Flo 3'

29mer linear RNA
with fluorescein
label at 3' end

5' GGGAAGCAACGAGGAAGGGAUCAACAGUU Flo 3'

29mer RNA - 4 bp
stem 8 nt loop,
fluorescein label at
3'end

5 GGGAUCGGAUGAAGCACCGGGUAAACAGC Flo 3'

29mer RNA- 5 nt
loop and complete
bp stem,
fluorescein label at
3'end

5' GGGUAAGGAAGGCUGAACCUUCCUUACCC Flo 3'

5
>

Partially dsRNA
fluorescein label at
5'end of smaller
strand

5’GGGACCAUGGAACAACAUUAUCGCUGCGCUGCCCC 3
3’GCGACGCGACGGGGFIo5’

Table 10. Sequences and Predicted Structures of the RNA used for binding

analysis with elF4B
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2.2.3.2. Interaction of elF4B with structurally different RNA

Initially in the absence of protein, low anisotropy was observed because of large
amount of the tumbling motion in the relatively small RNA molecule. Upon
addition of elF4B to structurally different RNA, an increase in fluorescence
anisotropy was observed. The increase in anisotropy indicates that the RNA is
interacting with protein, resulting in less tumbling because of the bigger molecule

now associated with it.

The equilibrium dissociation constant was calculated using the change in
anisotropy as described in Material and Methods. The Ky for 29 mer linear RNA
demonstrated the same pattern as observed for Poly (A) RNA in the previous

part of this study with values of 57.5 + 16.5 nM and 77.0 + 7 nM, respectively.

More than 40 fold tighter binding (1.6 + 0.5 nM) was observed for 29 mer RNA
with a stem loop structure (5 nucleotide loop and 4 base pair stem) and some
unpaired nucleotides on either end. 29mer RNA with 4 base pair stem and 8
nucleotide loop (Figure 19), 29mer RNA with 5 base pair stem and completely
base paired stem and partially double stranded RNA were not much different in
the binding interactions giving the following values; 6.9 + 3.1 nM,7.7 £ 1.0 nM

and 7.2 £ 0.7 nM, respectively (Table 11).



RNA 4B(1-527) (nM)
Structures
Poly (A) 7707
29mer RNA 57.5*16.5
linear
29mer RNA 5nt 1.6+0.5
loop 4nt stem
29mer RNA 8nt 6.9+3.1
loop 4nt stem
29mer RNA 5nt 7.7%1.0
loop and
complete base
paired stem
Partially 7.2*0.7
double

stranded RNA
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Table 11. Equilibrium dissociation constants for the interaction of elF4B full

length with structurally different 29mer RNA’s, determined by fluorescence

anisotropy.
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Figure 20. Fluorescence anisotropy measurements on binding of elF4B full

length with 29mer RNA with 4 basepair stem 5 nucleotide loop and

fluorescein label at 3' end.
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Figure 21. Fluorescence anisotropy measurements on binding of elF4B full

length with 29mer linear RNA and fluorescein label at 3' end.
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Figure 22. Fluorescence anisotropy measurements on binding of elF4B full

length with 29mer RNA with 8 nucleotide loop 4 basepair stem and

fluorescein label at 3' end.
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2.2.3.3. Interaction of 320-527 elF4B mutant and structurally different RNA

The fluorescence anisotropy was also used to study the binding of elF4B (320-
527) deletion mutant with poly (A) RNA, linear RNA and 29 mer RNA with stem
loop structure (5 nucleotide loop and 4 base paired stem) and some unpaired
nucleotides on either ends. The 320-527 mutant contains only the C-terminal
RNA binding domain. The earlier part of this study had suggested that this is a

critical domain affecting RNA binding.

Data analysis revealed that full length elF4B and 320-527 deletion mutant show
similar binding constants with structurally different RNA’s. The binding was
tighter with structured RNA as compared to the linear and poly (A) RNA. The
320-527 elF4B mutant protein exhibits a Kq of 61.9 + 6.4 nM with poly (A) RNA,
46.0 £ 8.4 nM with 29mer linear RNA and 3.6 + 1.2 with the structured RNA

(Table 12).
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S. No. RNA 4B(1-527) (nM) 4B(320-527)
Structures (nM)
1 Poly (A) 7707 61.9+6.4
2 29mer RNA 57.5*16.5 46.0+ 8.4
linear
3 29mer RNA 1.6+0.5 3.6+1.2
5loop4stem

Table 12. Equilibrium dissociation constants for the interaction of elF4B full

length and 320-527 deletion mutant with structurally different 29mer

RNA'’s.
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2.2.3.4. Interaction of EIF4A complexed with/without EIF4B and different

RNA

To determine the effect of secondary structure on binding of RNA with elF4A and
elF4B, we used fluorescein labeled RNA and titrated elF4B and elF4A alone and
in complex. The fluorescence anisotropy studies were performed to calculate the

dissociations constants as described in Material and Methods.

The complex of elF4B and elF4A was prepared by mixing elF4B and elF4A in
1:4 molar ratios as reported earlier to make sure that more than 95% of elF4B is
in complex and the binding that we observe with oligonucliotide comes from

complex of proteins rather than any one protein.

The elF4B was found to be binding very tightly with structured RNA as compared
to linear and poly A RNA as described earlier. The elF4A itself did not show
much significant binding with RNA. When it was complexed with elF4B, the
binding was seen to be significantly increased but complex binding is significantly

weaker as compared to elF4B alone.
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S. no. RNA elF4A (nM) elF4A. elF4B
structure complex (nM)
1 29mer RNA 6.0x24

5loop4stem | Low binding

2 29mer RNA 132.8 £ 60.7
linear

Table 13. Equilibrium dissociation constants for the interaction of elF4A

alone and in complex with elF4B full length with structurally different

29mer RNA’s.
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2.2.4. Conclusions and Discussion

The secondary structure present in the 5" untranslated region of different mMRNAs
plays an important role in translation and regulation. The higher the amount of
secondary structure in the mRNA, the more difficult it is for a ribosome to bind

and scan for the initiation codon.

It was reported earlier that elF4B enhances the binding affinity of elF4A towards
both RNA and ATP [46, 97, 98]. Furthermore, it has been observed that the
elF4B and elF4H show more stimulation of elF4A helicase activity as the stability
of duplex increases [99]. EIF4B stimulates the elF4A ability to unwind secondary
structure with unpaired residues flanking the structure, as compared with a blunt
end duplex [99]. It was also suggested that elF4B binds the newly separated
single strand and destabilizes the duplex substrate, thereby facilitating elF4A
unwinding of more residues in the single binding cycle[99]. Our results support
these biochemical results. We also observed that the binding of elF4B was very
tight with RNA containing a stem loop structure and unpaired residues. This tight
binding by elF4B might assist elF4A to interact longer with the mRNA and hence
enable it to undergo more efficient helicase action and subsequent translation
initiation. This is consistent with the observation by other groups that in yeast
translation of mMRNA with moderately stable secondary structure in 5’ leader is
highly stimulated by elF4B as compared to mRNA with little secondary structure

[2, 79]. Further, it's been observed by Shatsky et. al.[100], that in vitro in higher
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eukaryotes elF4B is required for 48S translation initiation complex assembly on
mMmRNA with moderately stable secondary structure in the 5' leader [2, 100]. Our
results suggest elF4B discrimination among structurally different mRNA is a

significant factor in successful translation initiation.

We also found the elF4A binds weakly with RNA alone as observed earlier but
when it was complexed with the elF4B, the binding of the complex became much
tighter. This suggests that the stronger binding affinity of elF4B with RNAs helps
the elF4A to stay longer on mRNA and hence promotes its helicase function and
unwinding the longer stretches of mMRNA before it dissociates from the complex.
This results in a more efficient translation initiation process. It was reported that
elF4A has only a very weak helicase activity on its own [87] and cannot process
because it dissociates from ssRNA faster than it hydrolyses ATP [81, 82, 85, 88].
The observation that elF4A1 complexed with elF4B or elF4H bound to RNAs
much longer than those bound by elF4Al alone [101] supports our observation
that elF4B is stabilizing the interaction of elF4A on mRNA for helicase activity to
unwind the mRNA for ribosomal binding and scanning. This part of the study
adds to our current understanding of the translation initiation process in mRNA’s

with different structural elements in their 5’ untranslated region.
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Appendix

1. Buffers and solutions used in experiments:

1.1. Media and solutions used in E.coli cell culture

1.1.1. LB media

NaCl 109

Yeast extract 5g

Tryptone 10g
DDH,0 1000m|
Total volume 1 Liter

1.1.2. Antibiotic stock solutions

a) 100 mg/ml Ampicillin

1.0 g Ampicillin in 10 ml DD H,0

b) 34 mg/ml Choramphenicol

0.34 g in 10 ml of 100% ethanol
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1.2. Buffers for Protein Purification

1.2.1. Buffers for GST tag protein purification
1.2.1.1. Binding buffer (1X PBS)

140 mM NaCl

2.7 mM KCI

10 mM Na;HPO,

1.8 mM KH,PO4

pH 7.4

1.2.1.2. Elution buffer
50 mM Tris — HCI
10mM Reduced Glutathione

pH 8.0

1.2.2. Buffers for His tag protein purification

1.2.2.1. Binding buffer
0.5 M NaCl

20 mM Tris — HCI

5 mM Imidazole

pH 7.9



1.2.2.2. Wash buffer
0.5 M NaCl

60 mM Imidazole

20 mM Tris — HCI

pH 7.9

1.2.2.3. Elution buffer
1 M Imidazole

0.5 M NaCl

20 mM Tris — HCI

pH 7.9

1.2.2.4. Strip buffer
0.5 M NaCl

100 mM EDTA

20 mM Tris — HCI

pH 7.9

1.2.2.5. Charge buffer

50 mM NiSO04
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1.3. Buffers for SDS Polyacrylamide Gel Electrophoresis

1.3.1. Monomer solution
30.8 % of acrylamide

2.7 % of N,N'-methylene bis-acrylamide

1.3.2. 4X Running gel buffer
1.5 M Tris-Cl

pH 8.8

1.3.3. 4X Stacking gel buffer
0.5 M Tris-Cl

pH 6.8

1.3.4. 10 % SDS and 10 % Ammonium persulphate

1.3.5. 2X Treatment buffer
0.125 M Tris-ClI

4.0 % SDS

20 % v/v Glycerol
0.2MDTT

0.02 % Bromophenol blue

pH 6.8
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1.3.6. Tank buffer
0.025 Tris

0.192 M Glycine
0.1 % SDS

pH 8.3
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2. Protein Quantitation by the Bradford Method

105

The Coomassie Plus (Bradford) assay was used to determine the protein

concentration.

Coomassie dye, present in the assay reagent, binds with the protein in acidic

medium, forming a blue color complex that is measured at 595nm.

Preparation of diluted BSA standards: A fresh set of protein standards were

prepared by diluting the 2.0 mg/ml BSA stock standard preferably in the same

diluents as of protein.

Table: Preparation of the Diluted BSA Standards

Vial Volume of Diluent Volume of the BSA to Add Final BSA Concentration
A. O ul 300 pl of (Stock) 2000 pg/mi

B. 125 pl 375 ul of (Stock) 1500 pg/mi

C. 325 ul 325 pl of (Stock) 1000 pg/mi

D. 175 pl 175 pl of (B) 750 pg/ml

E. 325yl 325ul of (C) 500 pg/ml

F. 325 pl 325 pl of (E) 250 pg/ml

G. 325 pl 325 pl of (F) 125 ug/mi

H. 400 pl 100 pl of (G) 25 pg/ml

. 400 pl 0 0 pg/ml (Blank)
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Assay: Prior to assay the Coomassie® Plus reagent is equilibrated to room
temperature and is gently mixed several times by inverting the bottle. 0.05 ml of
each standard or unknown sample is added into labeled UV cuvette. 0.05 ml of
the diluent is used for the blank. 1.5 ml of the Coomassie® Plus Reagent is

added to each tube and mixed well.

The absorbance of the reaction mixture is measured on a UV/Vis
spectrophotometer at 595 nm. First the absorbance of the blank is measure at
595 nm and spectrophotometer reading is brought to zero. The absorbance for
the remaining cuvettes is then measured at 595 nm. The standard curve is
drawn by plotting the average blank corrected 595 nm reading for each BSA
standard versus its concentration in ug/ml. Using the standard curve, the protein

concentration for each unknown sample is determined.
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3. SDS Polyacrylamide Gel Electrophoresis (SDS-PAGE)

Assembling gel apparatus. The gel electrophoresis equipment was assembled

according to the apparatus manual provided by manufacturer.

The gels were prepared using the buffers and reagents listed in Appendix 1.3.

The gel was cast using the following protocol.

Resolving gel:

Gel concentration of 12.5%.

Reagents Volume ( To make15 ml)
Monomer solution 6.25 ml

4X Running gel buffer 3.75ml

10% SDS 0.15 ml

ddH,O 4.775 ml

10% Ammonium persulphate 75 ul

TEMED (added last) 5 ul
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Mix ingredients very carefully in the order shown above, ensuring no air bubbles
form. Pour into glass plate assembly. Overlay gel with isopropanol to ensure a
flat surface and to exclude air. Wash off isopropanol with water after gel has

polymerized (about15 min).

Stacking Gels:

Gel concentration of 4%.

Reagents Volume ( To make 5 ml)
Monomer solution 0.665 ml

4X Stacking gel buffer 1.25 ml

10% SDS 0.05 ml

ddH,O 3.0ml

10% Ammonium persulphate 25 ul

TEMED (added last) 2.5l

Mix as before, then pour onto top of set resolving gel, insert comb, allow to
polymerize (about 30 minutes), remove comb, fill with electrophoresis buffer.

Assemble top tank onto glass plate assembly. Fill with electrophoresis buffer.
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Electrophoresis buffer: The final tank buffer composition is 0.025 M Tris-HCI,
192 M glycine, 0.1% SDS, pH 8.3, made by diluting a 10x stock solution. This

goes in both top and bottom tanks.

Protein samples: Protein samples were prepared by mixing supernatant and
50uL 1:1 (v:v) with SDS-PAGE 2X treatment buffer. For liquid / purified samples,
take e.g. 100 pL and add 50 - 100 pL of disruption mix. Eppendorf tubes
containing the samples are heated for 5 min at boiling water in a "float" in a water
bath then sat on ice for 10 minutes. Layer samples under buffer into wells on
stacking gels. Connect up apparatus to the power supply to begin

electrophoresis. Set voltage as 150V and current as 20mA.

Staining the gel: Stain the gel by using Coomassie Brilliant Blue R250. Make up
stain: 0.2% Coomassie Brilliant Blue R250 in 45% 45% 10 % methanol water
acetic acid. Cover gel with staining solution, seal in plastic box and leave

overnight on shaker (RT) or for 2 to 3 hours at 37 °C also with agitation.

Destaining the gel : Destain with 25% 65% 10% methanol water acetic acid
mix, with agitation. Change the distaining solution several times until the gel

background color is transparent.
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