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In eukaryotes, eRF3 participates in translation termination
and belongs to the superfamily of GTPases. In this work,
the dissociation constants for nucleosides bound to Euplotes
octocarinatus eRF3 in the presence and absence of eRF1a
were determined using fluorescence spectra methods.
Furthermore, a GTP hydrolyzing assay of eRF3 was carried
out using an HPLC method, and the kinetic parameters
for GTP hydrolysis by eRF3 were determined. Consistent
with data from humans, the results showed that eRF1a
promoted the binding of GTP to eRF3 and the GTP
hydrolyzing activity of eRF3. However, in contrast to the
lack of GTP binding in the absence of eRF1 in human
eRF3, the E. octocarinatus eRF3 was able to bind GTP by
itself. The nucleotide binding affinity of the E. ocfocarinatus
eRF3 also differed from the human data. A structure
model and amino acid sequence alignment of potential G
domains indicated that these differences may be due to
valine 317 and glutamate 452 displacing the conserved
glycine and lysine involved in GTP binding.

Keywords: Dissociation constants, eRF3, Euplotes octocarinatus,
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The termination of protein synthesis is mediated by two
classes of polypeptide chain-release factors (RFs). The
class 1 RFs are a codon-specific factor [8, 11, 19]. In
prokaryotes, the class 1 RFs, RF1 and RF2, recognize the
stop codons UAG/UAA and UGA/UAA, respectively [8,
11], whereas in eukaryotes, the class 1 RFs (eRF1s) recognize
all three stop codons UAG/UAA/UGA, except in ciliates
[10, 11].

The class 2 RFs are a codon-nonspecific factor. The
class 2 RFs belong to the superfamily of G proteins:
translation factors involved in various steps of protein
biosynthesis [27]. G proteins are activated by the binding
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of GTP and deactivated by the hydrolysis of GTP to GDP.
After the dissociation of GDP, the active G protein is
regenerated by the rebinding of GI'P. For many, but not all
G proteins, the GIPase activity requires GTPase-activating
proteins (GAP) to promote catalysis. The substitution of
GTP for GDP in the G protein is very slow and usually
catalyzed by a guanine-nucleotide exchange factor (GEF)
[12].

In humans, Xenopus laevis, and rabbits, the eRF3 is a
ribosome-dependent and eRF1-dependent GTPase [5, 6].
eRF3 as a GTPase can bind GTP and hydrolyze GTP. The
presence of eRF1 greatly increases the affinity of GTP for
eRF3 in humans [7, 18, 21]. The GTPase activity of eRF3
is required to couple the recognition of the translation
termination signals by eRF1 into an efficient polypeptide
chain release [22]. An in vitro reconstitution of the
translation termination also revealed the cooperative action
of eRF1 and eRF3 in ensuring the fast release of nascent
polypeptides [1]. Moreover, recent studies have shown that
the M domain of eRF1 is in contact with the GTPase
domain of eRF3, and that arginine 192 in the M domain is
important for the stimulatory effect of eRF1 on the GTPase
activity of eRF3 [3, 14].

In contrast to other higher eukaryotes, ciliates have
evolved to reassign stop codons as sense codons [9, 10, 16,
17]. To understand this event of condon reassignment, a
functional study of the release factors is essential. In Euplotes
octocarinatus, two kinds of class 1 release factors, eRFla
and eRF1b [15], and one eRF3 have been reported [26].
The eRF1a binding domain of the E. octocarinatus eRF3 is
similar to that of the yeast eRF3, yet different to that of the
human eRF3 [24]. Chai ef al. [2] reported that the GTPase
activity of eRF3 is dependent on ribosome in E. ocfocarinatus,
whereas the role of eRF1 involved in eRF3 GTPase
activity remains unclear. The constants for GTP binding
and the kinetic parameters for GTP hydrolysis by eRF3 are
also unknown. Accordingly, in this study, we cloned an N-
terminally truncated E. octocarinatus eRF3 (corresponding
to the G region and eRF1a binding region), named eRF3C.
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Furthermore, we determined the dissociation constants for
the nucleosides bound to eRF3 in the presence and absence
of eRF1a and the kinetic parameters (V. K, and k) of
eRF3. The results showed that eRFla promoted the
binding of GTP to eRF3 and the hydrolyzing of GTP by
eRF3 in E. octocarinatus. In contrast to the lack of GTP
binding without eRF1 in the human eRF3, the F.
octocarinatus eRF3 was able to bind GTP by itself. Thus,
the eRF3 binding affinity to nucleotides differed from that
in humans.

MATERIALS AND METHODS

Expression and Purification of eRF3C and eRFla

The E. octocarinatus eRF3C was expressed and purified as described
previously [25]. The E. octocarinatus eRFla gene was amplified
using a PCR with a forward primer (5-CGACAGGATCCATGT
CAATAATTGATAGTI-3', BamHI site underlined) and reverse primer (5'-
AGCTCCTCGAGTTATAAATTTTTATGAGC-3', Xhol site underlined).
The PCR product was gel-purified and subcloned into the BamHI—
Xhol sites of pGEX-6p-1, and the clones were confirmed by
sequencing.

The recombinant plasmid pGEX-6p-1-eRFla was transformed
into strain E. coli BL21 (DE3). The transformants were grown to
ODgy=0.4—0.6 at 37°C and then induced with 0.1 mM isopropyl-1-
thio-B-p-galactoside (IPTG) for 16 h at 16°C. The cells were harvested,
lysed by sonication on ice, and centrifuged at 12,000 xg for 15 min.
The eRFla protein was purified as described previously [25], and
the protein concentrations were measured spectrophotometrically
using molar extinction coefficients at 280 nm of 41,130 M~'cm™' for
eRF3C and 31,370 M'em™ for eRFla. The extinction coefficients
of eRF3C and eRF1a were estimated as previously described [20].

Fluorescence Spectroscopy Assay

The fluorescence spectra were measured using a Hitachi F-2500
spectrometer. The samples were irradiated at 295 nm to selectively
excite the indole side chains of the tryptophan residues, and the
emission spectra were recorded between 310 nm and 410 nm. To
measure the dissociation constants of eRF3C or eRF3C—eRF1la and
nucleotides in the E. octocarinatus, the intrinsic fluorescence of the
protein was quenched by adding small aliquots of nucleotides (60 uM
GTP or 70 uM GDP) to the eRF3C or eRF3C—eRFla complex at a
2 uM concentration in the presence of 2 mM MgCl,.

GTP Hydrolysis Assay

The rabbit reticulocyte ribosomal subunits were isolated as previously
described [4-6]. For the GTPase assay of the components of the
termination complex, the reaction mixture contained 50 pM eRF3C,
50 pM eRFla, 1 pg of rabbit ribosomes, 0.95 nM GTP, and 2 mM
MgCl, in a reaction buffer (10 mM Hepes, pH 7.4, 50 mM NaCl).
The GTP hydrolysis assay was carried out at 30°C and the
enzymatic reaction stopped by heating for 3 min at 100°C. For the
kinetic analysis of the GIPase activity of eRF3, the rates of GIP
hydrolysis were calculated for the above reaction mixture containing
several GTP concentrations (0.03 mM, 0.04 mM, 0.06 mM, 0.13 mM,
0.16 mM, 0.32 mM, and 0.63 mM). The GTP hydrolysis reaction
was continued for 3 min at 30°C and then stopped as described

above. The GTP hydrolysis was then measured based on an HPLC
experiment, where 30-pl aliquots were applied to a C18 reverse-
phase HPLC column and an isocratic run of 7.5% acetonitrile in
10 mM tetrabutylammonium bromide and 100 mM K,HPO,/KH,PO,,
(pH 6.5) was performed at a flow rate of 1 ml/min. The GTP and
GDP eluted from the column were detected using a calibrated detector
(Beckman). Finally, the data were analyzed using Lineweaver—Burk
plots. The V,,. (the inverse of the y-intercept) and K|, (negative
inverse of the x-intercept) for the eRFla-stimulated reactions were
both calculated, and the k., was then derived from the V,,
(key=Vimar/pmol eRF3C).

RESULTS AND DISCUSSION

Dissociation Constants for eRF3 Binding to GTP
Fluorescence spectra methods were used to measure the
dissociation constants of eRF3 binding to GTP or GDP.
The fluorescence spectra of eRF3C in the native state and
with the addition of GTP are shown in Fig. 1A. The
fluorescence emission maximum of eRF3C was seen at
334 nm, and this maximum emission intensity decreased
with the addition of GTP. The same observation was also
seen with the addition of GDP in the presence of 2 mM
MgCl, (data not shown). This decrease was due to the
fluorescence change of tryptophan in eRF3C when located
in a different hydrophobic environment. eRF3C includes
four tryptophan residues (W352, W353, W460, W519)
(Fig. 3A), and their position in close vicinity to the G
domains could explain the observed fluorescence changes.
To calculate the dissociation constants of eRF3C and GTP/
GDP, it was assumed that eRF3C had n GTP/GDP-binding
sites that were independent and identical. The dissociation
constants were then fitted using Egs. (1)-(5).

E+nG < E[G], )
i
e 3)
[G]=[G]—n[E], 4)
8-

where E is eRF3C; G is GTP/GDP; [E],, [E]s and [E],
are the bound, free, and total concentrations of eRF3C,
respectively; [G],, [G];, and [G], are the bound, free, and
total concentrations of GTP/GDP, respectively; F, and F are
the fluorescence intensities in the absence and presence of
GTP/GDP, respectively; and F is the fluorescence intensity
when the eRF3C/eRF3C-eRF1la and GTP/GDP binding
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Fig. 1. Dissociation constants for eRF3C binding GTP/GDP in
the presence and absence of eRF la.

A. Fluorescence spectra of eRF3C binding GTP. (a) [GTP)/[eRF3]=0, (b)
[GTP]/[eRF3]=0.2, (c) [GTP]/[eRF3]=0.4, (d) [GTP}/[eRF3]=0.6, (e)
[GTPJ/[eRF3]=0.9, (f) [GTP]/[eRF3]=1.1. B. Plot of [GTP]}/[E], vs. 1/[E];.
The dissociation constants of eRF3C and GTP in the absence and presence
of eRFla were calculated from curves (a) and (b). C. Plot of [GDP]/[E],
vs. 1/[E]. The dissociation constants of eRF3C and GDP in the absence
and presence of eRF1a were calculated from curves (a) and (b).
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reaches saturation. The dissociation constants were determined
using a plot of [G]/[E], vs. 1/[E];, whereas [E], and [E], were
obtained using Eq. (2). The dissociation constants of the
eRF3C-eRFla complex bound to GITP or GDP were
determined as described above. The fluorescence emission
maximum of the eRF3C-eRF1a complex was also seen at
334 nm, and the maximum emission intensity decreased
with the addition of GTP/GDP (data not shown). No
fluorescence change was detected for eRF1a after adding
GTP/GDP (data not shown). Thus, the emission intensity
decrease of the eRF3C—-eRF1a complex was due to the
fluorescence change of tryptophan in eRF3C. As shown in
Fig. 1B and 1C, eRF1a increased the affinity of eRF3C to
GTP by 7-fold, while decreasing the affinity of eRF3C to
GDP by 2-fold at 2mM MgCl,. The affinity of the
eRF3C—-eRF1a complex to GTP was about 11-times higher
than that of the eRF3C—-eRF1a complex to GDP at 2 mM
MgCl,. When compared with the human data, the affinity
of eRF3 binding to GTP or GDP in E. octocarinatus was
higher than that [K, (eRF3-GTP)=200 uM, K, (eRF3-
eRF1-GTP)=0.7 uM, K, (eRF3-GDP)=1.3 uM, K, (eRF3-
eRF1-GDP)=1.9 uM] of eRF3 binding to human nucleotides
[7]. Furthermore, virtually no GTP binding (K,,=200 pM)
was observed in the absence of eRF1 in humans, whereas a
Kpof 0.237 uM was seen for eRF3 alone in E. octocarinatus
(Fig. 1B).

Therefore, consistent with the results for humans [7,
18], eRF1a promoted the binding of GTP to eRF3, and the
eRF3—-eRF1a complex favored the binding of GTP over
GDP at 2 mM MgCl, in E. octocarinatus. However, in
contrast to the human data, the eRF3 in E. octocarinatus
exhibited a higher affinity for nucleotides and was able to
bind GTP by itself.

GTP Hydrolysis Assay of eRF3

All the components of the termination complex were
investigated for their GTPase activity in the presence of
2mM MgCl, (Fig. 2A). eRF3C exhibited a very low
intrinsic GTPase activity. When eRF1a or ribosomes were
added, the GTPase activity of eRF3C was not significantly
improved [Fig. 2A, curves (b) and (d)]. However, when
both eRFla and ribosomes were added to the reaction
system, the GTPase activity of eRF3C was significantly
enhanced [Fig. 2A, curve (a)], indicating that eRF3 was an
eRF1a- and ribosome-dependent GTPase in E. octocarinatus,
as previously observed in X. laevis [5]. The kinetic parameters
of eRF3C were determined from the curve in Fig. 2B. The
Voax and K, of eRF3C was 4.3 pmol/s and 0.5 mM,
respectively, and the £, of eRF3C was 0.086/s. In contrast
to the data (K,,=5 mM, k_,=0.014/s) for X. laevis [5], the
activity of eRF3 hydrolyzing GTP was higher in F.
octocarinatus, possibly because of the higher binding affinity
of eRF3 to GTP.
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Fig. 2. GTPase activity of eRF3.
A. GTPase assay of components of the termination complex. B. Kinetic
analysis of the GTPase activity of eRF3 in the presence of 2 mM MgCl,.

Analysis of the G Domain in eRF3

When compared with the human eRF3, the eRF3 in E.
octocarinatus exhibited a higher binding affinity for nucleotides
and was able to bind with GTP by itself. Thus, to explain
these observations, a search was made for potential G
domains in the amino acid sequences of the eRF3 from E.
octocarinatus, E. aediculatus, human, S. pombe, and S.
cerevisiae (Fig. 3A), and the GTP binding domains located
in the structural homology model of eRF3 based on the X-
ray structure of S. pombe eRF3 (Fig. 3B) [13]. As a result,
the GTP binding sites were located in a hydrophobic
pocket (Fig. 3B), and the structures of the G domains of
eRF3 were found to be similar to those in S. pombe eRF3.
A comparison of the amino acid sequences of the potential
G domains of eRF3 from the different species showed that
the amino acid sequences of the four GTP binding domains
were basically conserved in eRF3. The G2 and G4 sequences
were DAPG and SGL, respectively, which were similar for
the eRF3 from the different species (Fig. 3A). Yet, in
contrast to the typical G1/P loop sequence (GxxxxGKS/

Euplotes octocarinatus
Euplotes aediculatus
human
Schizosaccharcmyces poxbe
Saccharomyces cerevisiae

K Euplotes octocarinatus

K Euplotes aediculatus

l§ human
Schizosaccharomyces pombe
Saccharcmyces cerevisiae

Bl Euplotes octocarinatus
Euplotes aediculatus

S human

G Schizosaccharomyces pombe

321 M Saccharomyces cerevisiae

G2 Switch Il
u3

Bl Euplotes cctocarinatus

Bl Euplotes aediculatus
human

Bl Schizosaccharomyces poxbe
[l Saccharomyces cerevisiae

Bl Euplotes octocarinatus
B Euplotes aediculatus

K - Euplotes octocarinatus

- Euplotes aediculatus

P human

S Schizosaccharomyces poxbe
B I Saccharomyces cerevisiae

[y Euplotes octocarinatus

[ Q Euplotes aediculatus

[ I human

B Q Schizosaccharcmyces poxbe
[N Saccharcmyces cerevisiae

Fig. 3. Prediction of GTP binding domains in the structure of eRF3.
A. Multiple sequence alignment of E. octocarinatus, E. aediculatus,
human, S. pombe, and S. cerevisiae eRF3. The invariant residues are
colored in black. The secondary structure elements of the eRF3 G domain
are indicated. The GTP binding motifs, and Switch I and Switch II regions
are marked. B. Location of GTP binding domains in a structural homology
model of eRF3 based on the X-ray structure of S. pombe eRF3 using the
Swiss-Model program [23]. The GTP binding motifs, GTP, and Switch I
and Switch I regions are colored in black.

T)[12], the sixth typical glycine residue was replaced with
valine in eRF3 (valine317, Fig. 3A). Valine has two more
methyl groups than glycine, making valine sterically larger
than glycine. Furthermore, in the G3 region of eRF3,



glutamate 452 replaced the conserved lysine. Glutamate is
an acidic amino acid, whereas lysine is a basic amino acid.
Thus, two conserved amino acids, glycine and lysine,
involved in GTP binding, were changed to valine 317 and
glutamate 452, respectively, in the E. octocarinatus eRF3,
which may explain the higher binding affinity of eRF3 to
nucleotides.
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