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Aim. To gain more insights into properties of the human translation elongation factor eEF 1By and its interaction
with partners we intended to produce the full-length protein and its truncated forms. Methods. cDNAs encoding
truncated forms of eEF1By were generated by PCR amplification with respective primers and cloned into
vectors providing polyhistidine, glutathione S-transferase or maltose binding protein tags. The recombinant pro-
teins were expressed in Escherichia coli and purified by affinity chromatography. An aggregation state of the
proteins was analyzed by analytical gel filtration. Results. The expression, purification and storage conditions
for the full-length recombinant His-eEF' 1By were optimized. Several truncated forms of eEF 1By were also ex-
pressed and purified to homogeneity. Two short variants of C-terminal domain comprising amino acids 264—437
or 229-437 were obtained in monomeric state. Two short variants of N-terminal domain comprising amino acids
1-33 or 1-228, fused with glutathione S-transferase, were obtained and estimated to be dimers by gel filtration.
The mutants of N-terminal domain comprising amino acids 1-92 or 1-163, fused with maltose binding protein,
were obtained as soluble high molecular weight aggregates only. Conclusions. The purified recombinant His-
eEF 1By and several truncated forms of the protein were obtained and characterized. These protein variants will

be used for further studies on the protein-protein interaction.
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Introduction. Elongation factor 1 (¢EF1) is one of the
major players during the elongation cycle of eukaryotic
protein synthesis [1]. eEF1 consists of two functionally
distinct parts: eEF1A and eEF1B. eEF1A is a G-protein
ensuring the delivery of aminoacylated tRNA to the ri-
bosome. eEF1B acts as a guanine nucleotide exchange
factor which catalyzes the conversion of inactive eEF1A*
GDP into active eEF1A*GTP bound form. In higher
eukaryotes, the eEF1B complex consists of three pro-
teins eEF1Ba, eEF1Bf and eEF1By.

Both eEF1Ba. and eEF 1B are catalytic guanine nuc-
leotide exchange subunits which interact with eEF 1By,
a structural component of eEF1B complex. Beside the
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presence in the complex a functional role of eEF1By is
not clear. This subunit itself does not possess any ex-
change activity, but eEF1By isolated from Artemia
salina enhanced the catalytic activity of eEF1Ba in
vitro [2]. eEF1By was found to interact with tubulin
and based on this observation the role of this protein in
anchoring eEF1B complex to the membranes and/or
cytoskeleton was proposed [2]. Moreover, eEF 1By was
shown to bind and bundle specifically the keratin inter-
mediate filaments [3]. The interaction between eEF 1By
and keratin regulates protein synthesis in the epithelial
cells, but the physiological relevance of this bidirec-
tional relationship remains to be defined [3]. eEF1By
was suggested to possess nonspecific RNA binding pro-
perties [4]. eEF 1By subunit might be also a regulatory
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element within the eEF1B complex. This subunit was
found to be a substrate for the cell cycle protein kinase
CDKl/cyclineB [5]. The phosphorylation of eEF1By
seems to be necessary for effective translation of vali-
ne-rich proteins [6]. The overexpression of eEF1By
subunit was observed in some gastric and esophageal
carcinomas [7, 8]. Nuclear localization of eEF1By in
both normal and cancer tissues suggests an unknown
nucleus-specific role in human cells [9]

eEF1By consists of two independently folding
structural domains connected by a lysine-rich linker [6,
10]. The C-terminal domain is a highly conserved ex-
ceptionally protease resistant domain which consists of
five stranded, anti-parallel B-sheets surrounded by five
a-helices [10]. A functional significance of this domain
remains to be deciphered. By contrast, the N-terminal
domain of eEF1By is homologous to Theta class glu-
tathione S-transferases (GST) [11] and interacts with
eEF1Ba [2]. The crystallographic structure of yeast
eEF 1By N-terminal domain was solved and found to be
very similar to those of GST enzymes [12]. However,
the activity of this domain toward the GST model
substrate 1-chloro-2,4-dinitrobenzen (CDNB) was not
detected [12].

To gain more insights into the properties of eEF 1By
and its interaction with partners we elaborated a puri-
fication procedure of the full-length protein, designed
and expressed its truncated forms. We demonstrate that
the recombinant eEF 1 By can be purified as a monomer
and stored in the conditions preventing its multimeri-
zation. We show that individual N- and C-terminal do-
mains of this protein could be also expressed in bacteria
and purified under the conditions mostly preventing the
formation of aggregates. By contrast, the attempt to
express and obtain isolated subdomains from the
eEF1By N-terminal domain was unsuccessful.

Materials and methods. pET16b/eEF 1By plasmid
containing ORF of human eEF 1By protein was kindly
provided by Dr. G. Janssen (Leiden University, The Ne-
therlands ).

Supplementary information can be found on Web
site http://www.biopolymers.org.ua.

Design of eEF I By truncated forms. The conservati-
ve domains in the structure of eEF 1By proteins were de-
fined by multiple sequences alignment of eEF 1By Ho-
mo sapiens (NP_001395.1), Rattus norvegicus (NP_

001004223.1), Bos taurus (NP_001035577.1), Xenopus
laevis (AAB29958.1), Carassius auratus (BAB64568.1),
Bombyx mori (AEE28213.1), Artemia sp. (AAC83401.1)
amino acid sequences using Clustal W program (Fig. S1).

Construction of the eEF 1By truncated forms with
N- and C-terminal His-tag. To produce the constructs
carrying C-terminal His-tag, the cDNA fragments en-
coding different truncated forms of eEF 1By were pro-
duced by PCR with following pairs of primers: appro-
priate 5' forward primers indicated below and common
reverse S'-aactcgagcttgaatattttgccctgattgaaggcetttgecca
primer. Forward primer for eEF 1By (34—437) fragment
was 5’-ttccatggcaccaccccacttecattttggee, for eEF1By
(93-437) — 5'-ttccatggcccaggtggtgcagtgggtga, for
eEF1By (229-437) — 5'-aaccatggacacaccacggaaagagaa
gggttca, for eEF 1By (264—437) — 5'-aaccatggatgaatgtga
gcaggcgct. PCR was conducted with DreamTaq or Pfu
DNA Polymerase («Thermo Scientific», USA) using
pET16b/eEF 1By plasmid as a template. PCR products
were purified and digested by Xhol and Ncol («Thermo
Scientific») and ligated into pET28b («Novageny.
USA) expression vector digested by the same enzymes.
Resulted recombinant plasmids pET28b/eEF1By (Nr-
437)-His encode truncated forms of eEF1By with C-
terminal His-tag.

Constructs with N-terminal His-tag were prepared
in the same way. Forward primer for eEF 1By (34—437)
fragment was 5'-tttcatatggcaccaccccacttecattttggee, for
eEF1By (93-437) — 5'-tttcatatggcccaggtggtgcagtgggtea,
for eEF1By (229-437) — 5'-aaacatatggacacaccacggaaa
gagaagggttca, for eEF1By (264-437) — 5'-aaacatatggat
gaatgtgagcaggcgct. Reverse primer 5'-aactcgagcttgaat
attttgccctgattgaaggctttgccca was the same for all con-
structs. PCR was conducted with DreamTaq DNA Po-
lymerase using pET16b/eEF 1By plasmid as a template.
PCR products were purified and digested by X#ol and
Ndel and ligated into pET28a («Novagen») expression
vector digested by the same enzymes. Resulted recom-
binant plasmids pET28a/His-eEF 1By (Nr-437) encode
truncated forms of eEF 1By with N-terminal His-tag.

Construction of the eEF 1By truncated forms with
N-terminal GST-tag. The cDNA fragments encoding dif-
ferent truncated forms of eEF1By were produced by
PCR with following primers: 5' forward tttggatccatg
gcgegctgggaccctgtacac was the same for all mutants, re-
verse primer for eEF1By (1-33) was 5'-tttctcgagtcag
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gagagcacgcggacct, for eEF 1By (1-92) — 5'-tttctcgagtcat
gctgectetggagtactt, for eEF 1By (1-163) — S'-tttctcgagtc
atgtgatgtcagccaatgtcac, for eEF 1By (1-228) — 5'-tttctcg
agtcactttttaggttgggtctctge. PCR was conducted with
Pfu DNA Polymerase using pET16b/eEF1By plasmid
as a template. PCR products were purified and digested
by BamHI and Xhol and ligated into pGEX6P-1 («GE
Healthcare», USA) expression vector digested by the sa-
me enzymes. Resulted recombinant plasmids pGEX6P/
GST-eEF1By (1-Nr) encode truncated forms of eEF1By
in frame with GST sequence.

Construction of the eEF 1 By truncated forms with N-
terminal MBP-tag. The cDNA fragments encoding dif-
ferent truncated forms of eEF 1By were produced by PCR
with following primers: 5' forward aagttctgtttcagggcce
ggcggctgggaccctgtacacg was the same for all mutants,
reverse primer for eEF1By (2-33) was 5'-atggtctagaaa
gctttaggagagcacgeggacctgag, for eEF1By (2-92) — 5'-at
ggtctagaaagctttaggetgetgectetggagtacttee, for eEF 1By
(2-163) — S'-atggtctagaaagctttagacaactgtgatgtcagccaat
gtcac, for eEF1By (2-228) 5'-atggtctagaaagctttatgtgtc
ctttttaggttgggtetctge. PCR was conducted using pET16b/
eEF 1By plasmid as a template. PCR products were puri-
fied and introduced into pOPINM (Addgene plasmid
26044) expression vector by site independent ligation
cloning procedures [13]. Resulted recombinant plas-
mids pOPINM/MBP-eEF1By (1-Nr) encode truncated
forms of eEF1By in frame with MBP sequence.
Constructs were prepared during the 5" EMBO Practi-
cal Course on High throughput protein production and
crystallization (16-24 May 2013, Harwell, United
Kingdom).

All constructs described above were verified by
DNA sequencing.

Test of protein overexpression in Escherichia coli.
Respective producing strains containing plasmid DNA
of interest were grown in 100 ml of LB medium supple-
mented with appropriate antibiotic at 37 °C to an A, =
=0.5. The expression was induced by addition of | mM
isopropyl 1-thio-f-D-galactopyranoside (IPTG) for 3—
4 h. Total bacterial extract (TE) was prepared as fol-
lows: 1 ml of culture was harvested by centrifugation
and bacterial pellet was dissolved in 150 pl of sample
buffer Laemmli with 6 M urea (SBLU1x) and boiled for
10 min. Extract of soluble proteins (SE) was prepared
from the rest of culture. Bacteria were pelleted, washed
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twice with extraction buffer (30 mM Tris-HCL, pH 8.0,
30mM KCl, 0.1 mM EDTA, 10 % glycerol,2mM DTT)
followed by centrifugation. Pellet was resuspended in 1
ml of extraction buffer supplemented with 1 mM phe-
nylmethyl sulfonyl fluoride (PMSF), sonicated and cent-
rifuged at 16000 g for 20 min (4 °C). 10 ul of super-
natant was added to 200 ul SBLU1x, boiled for 10 min.
Equal volumes of total and soluble extracts were used
for analysis on SDS-PAGE.

Expression of full-length His-eEF 1By and its trun-
cated forms in bacteria and their purification by affini-
ty chromatography. The protein encoded by pET16b/
eEF 1By plasmid was expressed in E. coli BL21(DE3)
pLysS grown on LB medium supplemented with am-
picillin (100 pg/ml). Culture (0.3 L) was grown at 37 °C
toan A, = 0.5, transferred at 20 °C and grown till A, =
= 0.8. The expression was induced by addition of
0.8 mM IPTG for 16 h. Cells were washed twice with
icecold extraction buffer (30 mM Tris-HCI, pH 7.5,
30 mM KCI, 0.1 mM EDTA, 10 % glycerol, 5 mM 2-
mercaptoethanol), resuspended in 8 ml of the same buf-
fer containing 1 mM PMSF, and sonicated. All subse-
quent steps were conducted at 4 °C. After centrifuga-
tion at 18000 x g for 30 min, the clear supernatant was
recovered and concentration of NaCl was adjusted to
500 mM, imidazole pH 8.0 to 20 mM and Tween-20 to
0.01 %. The obtained solution was mixed with Ni-NTA
resin (2 ml of 50 % slurry, «Qiagen», USA), preequi-
librated with the same buffer, and incubated on the or-
bital shaker for 1.5 h. The resin was washed with buffer
A (25 mM Tris-HCI, pH 7.5, 500 mM KCI, 20 mM imi-
dazole, pH 8.0, 10 % glycerol, 5 mM 2-mercaptoetha-
nol) and then with buffer A containing 1 M NaCl and
packed into column. eEF1By was eluted from the co-
lumn by 220 mM imidazole, pH 8.0 on buffer A. Frac-
tions were collected and analyzed by SDS-PAGE. The
purest fractions were combined and dialyzed against sto-
rage buffer (30 mM Tris-HCI, pH 7.5, 150 mM KCI, 55 %
glycerol, 2 mM DTT). Protein was stored at—20 °C. Pro-
tein concentrations were determined using a calculated
absorption coefficient: 1.74 A, units-mg ' -cm.

The truncated mutants of eEF1By with N-terminal
His-tag encoded by pET28a/His-eEF1By (34-437),
pET28a/His-eEF 1By (93-437), pET28a/His-eEF 1By
(229-437), pET28a/His-eEF1By (264-437) were ex-
pressed in E. coli Rosetta (DE3) grown on LB medium
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supplemented with kanamycin (50 pg/ml). Cultures
(0.4 L) were grown at 37 °C to an A, = 0.5, transferred
at 20 °C and grown till A,,, = 0.8. The expression was
induced by addition of 0.5 mM IPTG for 16 h. Cells we-
re washed twice with ice-cold extraction buffer (25 mM
Tris-HCI, pH 7.5, 20 mM imidazole, 150 mM NaCl, 10 %
glycerol, 5 mM 2-mercaptoethanol), resuspended in
18 ml of the same buffer containing 1 mM PMSF, and
sonicated. All subsequent steps were conducted at 4 °C.
After centrifugation at 18000 x g for 30 min, the super-
natants were recovered and mixed with Ni-NTA resins
(2 ml of 50 % slurry, «Qiagen»), pre-equilibrated with
the same buffer, and incubated on the orbital shaker for
1.5 h. The resins were washed with buffer A (25 mM
Tris-HCI, pH 7.5, 500 mM NacCl, 20 mM imidazole, pH
8.0, 10 % glycerol, 5 mM 2-mercaptoethanol) and then
with buffer A containing 1 M NaCl. To get rid of conta-
minating proteins the resins with different mutants were
additionally washed with buffer A, containing higher imi-
dazole concentrations: His-eEF1By (34-437) — 75 mM
imidazole, His-eEF1By (93-437) — 75 mM, His-
eEF1By (229-437) - 30 mM, His-eEF 1By (264-437) —
30 mM. Finally, all resins were packed into columns
and eEF 1By N-truncated forms were eluted by buffer A
containing 220 mM imidazole. Fractions were collec-
ted and analyzed by SDS-PAGE. The purest fractions
were combined and dialyzed against storage buffer
(25 mM Tris-HCI, pH 7.5, 20 mM imidazole, 150 mM
NaCl, 55 % glycerol, 5 mM 2-mercaptoethanol). Pro-
teins were stored at —20 °C. Protein concentrations we-
re determined using a calculated absorption coefficients:
1.62 A, units-mg ' -cm™' for eEF1By (34-437), 1.8 —
for eEF1By (93-437), 1.92 — for eEF1By (229-437)
and 2.28 — for eEF 1By (264-437).

The truncated mutant of eEF1By with N-terminal
GST-tag encoded by pGEX6P-1/GST-eEF1By (1-
230) was expressed in E. coli Rosetta (DE3) grown on
LB medium supplemented with ampicillin (100 pg/
ml). Cultures (0.3 L) were grown at 37 °C to an Ay, =
=0.5, transferred at 20 °C and grown till A, =0.8. The
expression was induced by addition of 0.1 mM IPTG
for 16 h. Cells were washed twice with ice-cold extrac-
tion buffer (PBS pH 7.4, 0.5 mM EDTA, 10 % glyce-
rol, 5 mM 2-mercaptoethanol), resuspended in 18 ml of
the same buffer containing 1 mM PMSF, and sonica-
ted. All subsequent steps were conducted at 4 °C. After

centrifugation at 18000 x g for 30 min, the clear superna-
tant was recovered and mixed with glutathione-agarose
(8 ml, 50 % slurry, «Sigma», USA), pre-equilibrated
with the same buffer, and incubated on the orbital sha-
ker for 2.5 h. The resin was washed with buffer A (PBS
pH7.4,0.5mM EDTA, 10 % glycerol, 5 mM 2-mercap-
toethanol) and packed into column. GST-eEF1By (1-
230) was eluted from the column by 200 mM glutathi-
one pH 8.0 on buffer A. Fractions were collected and
analyzed by SDS-PAGE. The purest fractions were
combined and dialyzed against storage buffer (30 mM
Tris-HCI, pH 7.5, 150 mM NacCl, 55 % glycerol, 5 mM
2-mercaptoethanol). Protein was stored at —20 °C. Pro-
tein concentrations were determined using a calculated
absorption coefficient: 1.74 A, units - mg ' -cm ' for
eEF1By (1-33), 1.51 — for eEF1By (1-92), 1.52 — for
eEF1By (1-163), 1.54 — for eEF 1By (1-228).

The truncated mutants of eEF1By with N-terminal
MBP-tag encoded by pOPINM/MBP-eEF1By (1-92)
and pOPINM/MBP-eEF 1By (1-163) were expressed in
E. coli Rosetta (DE3) grown on LB medium supplemen-
ted with ampicillin (100 pg/ml). Cultures (0.3 L) were
grown at 37 °Cto an A, = 0.5, transferred at 20 °C and
grown till A,,, =0.8. The expression was induced by ad-
dition of 1 mM IPTG for 16 h. Cells were washed twice
with ice-cold extraction buffer (20 mM Tris-HCI, pH
7.5,200 mM NacCl, 0.1 mM EDTA, 10 % glycerol, 5 mM
2-mercaptoethanol), resuspended in 18 ml of the same
buffer containing 1 mM PMSF, and sonicated. All sub-
sequent steps were conducted at 4 °C. After centrifu-
gation at 18000 x g for 30 min, the clear supernatant was
recovered and applied onto MBPTrapTMHP (1 ml,
«GE Healthcare»), pre-equilibrated in the extraction
buffer. Column was washed and MBP fused protein was
eluted by 10 mM maltose on extraction buffer. Frac-
tions were collected and analyzed by SDS-PAGE. The
purest fractions were combined and dialyzed against
storage buffer (30 mM Tris-HCI, pH 7.5, 150 mM NacCl,
55 % glycerol, 5 mM 2-mercaptoethanol). Proteins were
stored at —20 °C. Protein concentrations were determi-
ned by using a calculated absorption coefficients: 1.5 A,
units -mg ' -cm™ for eEF 1By (1-92), 1.5 — for eEF1By
(1-163).

Protein denaturation-renaturation procedure. The
truncated forms of eEF1By obtained as soluble aggre-
gates were subjected to denaturation-renaturation pro-
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cedure. Two different approaches were tested: matrix
assisted (Ni-NTA) denaturation-renaturation and dena-
turation of the protein in solution with subsequent rena-
turation by stepwise dialysis. For matrix assisted dena-
turation the protein was first immobilized on Ni-NTA
and then denatured by addition of 10 mM Tris, 100 mM
NaH,PO, pH 8.0, 8 M urea (pH 8). Matrix was washed
by the same buffer with pH 6.3. Denatured protein was
subsequently eluted by the same buffer with pH 5.9 (mo-
nomers) and pH 4.5 (multimers). For renaturation the
eluted protein was applied onto Superose 6 HR 10/30
column equilibrated with 20 mM imidazole HCI, pH 7.5,
150 mM NacCl, 10 % glycerol, 10 mM 2-mercaptoetha-
nol. This allowed also estimating the molecular weight
of renatured proteins.

The renaturation of immobilized on Ni-NTA pro-
tein was also carried out in another manner [14] using
linear 6-1 M urea gradient on buffer 20 mM Tris HCI
pH 7.4, 500 mM NacCl, 20 % glycerol at low flow rate
(0.8 ml/min) during 1.5 h. After renaturation the pro-
tein was eluted by 250 mM imidazole pH 8.0.

The denaturation of protein in solution was perfor-
med in 20 mM Tris HCL, pH 7.5, buffer with 8§ M urea.
The renaturation was carried out by stepwise dialysis in
the buffer solutions containing 20 mM imidazole HCl
pH 7.5, 150 NaCl, 10 % glycerol, 10 mM 2-mercap-
toethanol and 6, 4, 2 M urea during 68 h in each solu-
tion. The last dialysis was performed in the same buffer
solution without urea. The molecular weight of renatu-
red protein was estimated by analytical gel filtration.

Analytical gel filtration of proteins. To assess the ag-
gregation state of the purified proteins size-exclusion
chromatography on a Superose 6 HR 10/30 column (24
ml, «GE Healthcare») was performed. The column was
equilibrated with 25 mM imidazole-HCIL, pH 7.5, 150
mM NacCl, 10 % glycerol, 5 mM 2-mercaptoethanol. All
samples were loaded in 0.1 ml and run at 0.4 ml/min;
the elution was monitored at 280 nm. Elution of parti-
cular protein from column was described in term of cor-
responding K, value. K, = (V,— V)/(V,—V,), where V,
is the elution volume of individual protein, ¥, is the
void volume of the column, and Vs its total bed volu-
me. V, and V, were determined with blue dextran (2
MDa) and 2-mercaptoethanol (78,1 Da), respectively.
Following standard proteins were used for column ca-
libration: thyroglobulin — 669 kDa, ferritin — 450 kDa,
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catalase — 232 kDa, alcohol dehydrogenase — 150 kDa,
bovine serum albumin — 67 kDa, ovalbumin — 45 kDa,
chymotrypsinogen A —25 kDa, cytochrome ¢ — 12,4 kDa.
The K, value of each protein standard (on the liner sca-
le) was plotted against the corresponding molecular
weight (on the logarithmic scale). The straight line that
best fits the points on the graph was drawn and used for
molecular weight determination of the protein of inte-
rest (Supplement Fig. S2).

Antibodies and Western Blot Analysis. Mouse mono-
clonal antibodies for the detection of His-tagged recom-
binant proteins («Rochey», Germany) were used at 0.5 pg/
ml working concentration. Mouse anti-GST monoclo-
nal antibody («Pierce», USA) was used at 0.5 pg/ml
working concentration. Anti-mouse secondary antibo-
dies conjugated with peroxidase («Sigmay», USA) we-
re used at 1:10000 working dilution. Proteins were se-
parated on 10 or 12 % SDS-PAGE and then transfer-
red onto 0.45 pum nitrocellulose membrane («Bio-
Rady», USA) using Trans-Blot Turbo transfer system
(«Bio-Rad») according to the manufacture recommen-
dations. The membranes were treated subsequently with
primary and secondary antibodies diluted in PBS con-
taining 5 % non-fat dry milk and 0.1 % Tween-20 fol-
lowed by extensive washing with PBS-0.1 % Tween-
20 solution. The immune complexes were detected by
Immobilon Western Chemiluminiscent HRP Substrate
(«Milliporey», USA) on ChemiDoc system («Bio-Rad»).

Results and Discussion. Domain structure of the
eEF 1By protein and design of its truncated forms. The
eukaryotic translation elongation factor eEF1By (Fig.
1) consist of two rather hydrophobic domains of about
200 amino acids each (N-terminal or Domain 1 and C-
terminal or Domain 2), which are linked through a high-
ly polar central lysine-rich stretch of about 3060 resi-
dues [3, 6, 10, 15]. In order to understand the interac-
tion between eEF 1By and its partners we prepared a set
of truncated forms of this protein fused to different
tags. Based on the multiple sequence alignment we pre-
pared four N-terminal deletion mutants without 33, 92,
228 (C-terminal domain with lysine-rich linker) and
263 (C-terminal domain alone) amino acids (Fig. 1,
Supplement Fig. S1). A polyhistidine sequence was at-
tached either to the N-end or to the C-end of the protein.
To overcome possible problems with the solubility of
the N-terminal truncated forms we also prepared the
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Domain 1 Domain 2
¢cEF1BB 1 2?8 263 437
34
@ { » 229
264
34 o3
229 264 } @
= 33 192
<
E— 33 9
{ 163 228

Fig. 1. Schematic representation of the eEF 1By truncated forms

C-terminal truncated forms: amino acid fragments
1-33, 1-92, 1-163 and 1-228 (N-terminal domain) we-
re attached to GST or MBP tags (Fig. 1). All deletion
mutants were expressed in E. coli and, if soluble, puri-
fied by affinity chromatography as described below.
Expression and purification of the full-length
eEF By in the conditions preventing its multimeriza-
tion. The expression of eEF 1By with N-terminal His-tag
was successfully carried out in E. coli. After overnight
IPTG induction at 20 °C His-eEF 1By was recovered in
the fraction of soluble proteins and purified by affinity
chromatography to an apparent homogeneity (Fig. 2).

The fractions eluted from the Ni-NTA column we-
re analyzed by gel filtration on Superose 6 HR. We ob-
served that the aggregation state of His-eEF 1By depen-
ded on its concentration. When His-eEF1By was loa-
ded on the column at 0.3 mg/ml, it came out as a single
sharp peak (Fig. 3, 4), whereas at 1.6 mg/ml some high
molecular weight aggregates appeared (Fig. 3, B). At
higher concentration the ratio of aggregates increased
significantly (Fig. 3, C). Thus, to avoid the aggregation
the Ni-NTA column should not be overloaded by the
His-eEF 1By protein. We estimated that the extract of
soluble proteins obtained form as much as 300 ml of
His-eEF 1By producing culture may by loaded on 1 ml
of packed Ni-NTA matrix at the conditions described in
Material and methods.

The molecular weight of human recombinant His-
eEF 1By was estimated by gel filtration to be about 200
kDa that is 4 fold higher than the theoretical value of
the monomer (52 kDa). A sedimentation equilibrium
analysis of purified His-eEF 1 By demonstrated that this

kDa
« 116
<« 66
- W - -
<« 35
— <« 25
— -
1 2 3 M 4

Fig. 2. Expression and purification of His-eEF1By by Ni-NTA affinity
chromatography. 10 % SDS-PAGE analysis of fractions: / — total bac-
terial extract; 2 — soluble extract; 3 — fraction of proteins not bound to
Ni-NTA agarose; 4 — purified His-eEF1By protein (4 pg). M — mo-
lecular weight markers. Corresponding molecular weights are depic-
ted on the right (kDa)

protein behaves in solution as a monomer with a small
portion of multimers (V. F. Shalak, unpublished results).
Thus, recombinant His-eEF 1By is not a globular pro-
tein and most probably has extended shape in solution.
The large soluble aggregates of recombinant rabbit
[16], B. mori [17] and multimers of the human eEF 1By
[10] were previously observed. The aggregates of rab-
bit eEF1By could be dissociated by 500 mM NaCl and at
this salt concentration the molecular weight of eEF 1By
was estimated by gel-filtration to be about 140 kDa [16].
The preparation of the B. mori eEF1By was separated
by gel filtration chromatography at 200 mM KCI into
two fractions: large aggregates migrated close to the
column void volume, whereas another fraction migra-
ted as a single peak of about 150 kDa [17]. In contrast,
in our experiments with His-eEF 1By the high salt con-
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Fig. 3. Analysis of the full-length His-eEF 1By by gel filtration on Superose 6 HR column. Concentration of His-eEF 1By applied on column was: 4 —

0.3 mg/ml; B — 1.6 mg/ml; C — 8 mg/ml
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centration (up to 1 M NaCl) did not reduce the amount
of large aggregates. The addition of Tween-20 or Tri-
ton X-100 to the buffer solution also had no effect (data
not shown). This disagreement with the literature data
can be explained by the presence of N-terminal poly-
histidine sequence absent in the rabbit eEF 1By [10] that
may influence the protein folding or its tendency for ag-
gregation. It’s worth mentioning that we did not suc-
ceed to express the full-length eEF 1By with C-terminal
His-tag in E. coli.

Thus, depending on the concentration, the recom-
binant His-eEF1By can form soluble and irreversible
under physiological conditions high molecular weight
aggregates. To prevent the aggregation the purified
His-eEF 1By protein was kept at —20 °C in the storage
buffer with 55 % glycerol at 2 mg/ml concentration.

Expression, purification and aggregation state of
the N-terminally truncated forms of eEF 1By fused with
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Position of marker proteins is indica-
ted by arrows (kDa)

C- terminal or N-terminal His-tag. The expression of
the N-terminally truncated forms fused with C-terminal
or N-terminal His-tag (Fig. 1) is presented in Fig. 4.
The expression of all variants with C-terminal His-tag
was unsatisfactory: full-length eEF1By-His, truncated
proteins eEF1By (93-437)-His and eEF1By (264—
437)-His were not detected at all by western-blot ana-
lysis of corresponding bacterial extracts. The deletion
mutants eEF1By (34-437)-His and eEF1By (229-
437)-His were detected in total cell extracts only which
suggested that these two proteins were in the insoluble
aggregates (Fig. 4, left panel).

Further optimization of the expression conditions
didn’t improve the expression of these truncated forms
(data not shown).

In contrast, the same truncated forms of eEF1By
fused with the N-terminal His-tag (Fig. 1, A) were ex-
pressed as soluble proteins. All of them were purified
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Fig. 5. Analysis of the eEF 1By truncated forms by gel filtration on Superose 6 HR column. Each protein was applied on the column at 10 uM

concentration

by affinity chromatography to homogeneity (Fig. 4,
right panel) as described in Material and methods.

The aggregation state of all truncated forms obtai-
ned was estimated by gel filtration (Fig. 5). The His-
eEF1By (34-437) and His-eEF1By (93—-437) proteins
formed large soluble aggregates eluted in the column
void volume or close to it (> 1 MDa). The shorter forms
His-eEF1By (229-437) and His-eEF1By (264-437)
migrated as a sharp single peaks of 47 and 30 kDa, res-
pectively (Fig. 5). The calculated molecular weight of
His-eEF 1By (264—437) is 21.4 kDa that is in agreement
with the obtained experimental value, whereas the mo-
lecular weight of His-eEF1By (229-437) is 25.4 kDa
that is almost two fold lower as compared to the ex-
perimental result. The structure of 19 kDa C-terminal
domain of the human eEF 1By (residues 276—437) was
solved by NMR [10]. This domain behaves mostly as a
monomer in solution and has a contact lens shape. This
should be true for the truncated mutant His-eEF1By
(264-437), which is only 13 amino acids longer. By
contrast, His-eEF1By (229-437) is most probably a

non-globular protein: due to the presence of lysine rich
linker (amino acids 228-263, Fig. 1) its shape might
became considerably extended. Thus, both His-eEF 1By
(264-437) and His-eEF1By (229-437) variants are
suitable for further studies with interacting partners.

We attempted also to perform a denaturation-re-
naturation procedure for the His-eEF 1By (34-437) and
His-eEF1By (93 —437) protein variants. The denatura-
tion of both proteins was done in the buffer containing
8 M urea. For the renaturation two approaches were tes-
ted: renaturation of proteins immobilized on Ni-NTA
matrix by reversed liner gradient of urea and in solution
by a step-wise dialysis. Unfortunately, neither approach
led to a sufficient recovery of both proteins in a mono-
meric form (data not shown).

As was mentioned above, we failed to express the
truncated and full-length eEF1By with C-terminal His-
tag (Fig. 4, left panel), whereas the respective N-ter-
minal His-tag proteins were purified as soluble proteins
(Fig. 4, right panel). The result confirms the signifi-
cance of localization of the polyhistidine sequence for
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Fig. 6. Expression of the truncated forms of eEF1By fused with MBP or GST in bacteria. Upper panel: western-blot analysis of the soluble protein
extracts with anti-His-tag and anti-GST antibodies, respectively. Position of marker proteins is indicated by arrows (kDa).The expression was in-
duced by IPTG (y, +). Lower panel: gel filtration analysis of the eEF 1By purified truncated forms on Superose 6 HR column. GST-eEF1By (1-
230) at 4 pM concentration was applied on the column, the other truncated variant—at 15 uM concentration. ¥, indicates the void volume of column

folding and/or solubility of a particular recombinant
protein expressing in bacteria [ 18]. Thus, for successful
expression of the recombinant human eEF1By the N-
terminal localization of an affinity tag appeared to be
crucial.

Expression, purification and aggregation state of the
C-terminally truncated forms of eEF1By fused with N-
terminal GST- or MBP-tag. The C-terminal eEF1By
deletion mutants schematically shown in Fig. 1 were ex-
pressed in E. coli in the form of MBP and GST chime-
ric proteins (Fig. 6). Three truncated forms of eEF1By
with His-MBP-tag demonstrated good expression, ex-
cept the eEF1By (1-33) deletion mutant (Fig. 6, upper
panel). In contrast, only GST-eEF1By (1-33) and GST-
eEF1By (1-228) were expressed in bacteria as soluble
proteins. Thus, for further purification we chose two
truncated forms with different tags: eEF 1By (1-92) and
eEF1By (1-163) with His-MBP and eEF1By (1-33)
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and eEF1By (1-228) with GST-tag. GST-eEF1By (1—
33) and GST-eEF1By (1-228) were successfully puri-
fied by affinity chromatography to an apparent homo-
geneity (not shown) and their aggregation state was che-
cked by analytical gel filtration. Both proteins eluted
from a column as sharp peaks of 60 and 103 kDa, res-
pectively (Fig. 6). In GST-eEF1By (1-33) preparation a
small contaminating protein (< 10 kDa) was detected.
Taking into account that the theoretical molecular weight
of GST-eEF1By (1-33) is 30.4 kDa and GST-eEF1By
(1-228) is 52.5 kDa, both proteins most probably are di-
mers in solution.

Unlike GST fusions, the purification of His-MBP
bound truncated forms was more problematic. We deci-
ded to purify the His-MBP-eEF1By (1-92) and His-
MBP-eEF1By (1-163) mutants because the same trun-
cated forms were not expressed as GST fusions (Fig. 6,
upper panel). First, we tried to use the Ni-NTA matrix
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for purification, but this approach was not successful.
The binding of His-MBP fusions to the Ni affinity mat-
rix was very low. Then, we used the MBPTrap"HP
column that specifically interacts with maltose binding
protein. Using this matrix both His-MBP-eEF1By (1-
92) and His-MBP-eEF 1By (1-163) proteins were purifi-
ed to an apparent homogeneity (not shown) and their ag-
gregation state was tested by gel filtration. Unfortuna-
tely, both proteins were obtained as soluble aggregates
eluted in and close to the void volume of column (Fig.
6, lower panel). The denaturation procedure in 8 M urea
with subsequent renaturation (described in Material
and method) led to the partial dissociation of the aggre-
gates but resulted in extremely low yield of the target
proteins (data not shown).

Thus, only two truncated forms GST-eEF1By (1-
33) and GST-eEF 1By (1-228) were obtained as soluble
proteins suitable for further investigation. Despite all
our efforts, the heavy aggregates of other forms were not
possible to disrupt. In our opinion the reason for this
failure lays in highly hydrophobic nature of the eEF1By
N-terminal domain (41.9 % of hydrophobic residues).
Most probably the removing of the relatively long ami-
no acid fragments from this protein may lead to the in-
correct folding followed by its irreversible aggregation
via exposed hydrophobic regions. Presumably, the N-
terminal domain of eEF1By could not be divided into
separate subdomains.

Conclusions. The recombinant His-eEF 1By and its
truncated variants His-eEF 1By (264—437), His-eEF 1By
(229-437), GST-eEF1By (1-33) and GST-eEF 1By (1-
228) were expressed in E. coli and purified under the
conditions mostly preventing the formation of aggrega-
tes. For the successful expression of the recombinant
full-length eEF 1By and its truncated forms the affinity
tag should be attached to the N-end of the protein. All
the obtained protein variants will be used for further
study on the protein-protein interaction.
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CrpykrypHuit noxin ¢axropa enonrauii Tpancisuii 1 By (eEF1By)

JIIOJIMHU: €KCIIPECist IOBHOPO3MipHOTo Oilika Ta HOro BKOpoueHux Gopm

T. B. Tpociok, B. B. Jltoakosebka, B. @. Hlanak, b. C. Herpyupkuii,
A. B. Enbcbka

Pestome

Mema. [{ns 0emanbho2o GUGHEHHs GIACMUBOCMeEU (aKmopa eioH-
eayii mpawncaayii eEF 1By noounu i 11020 63a€mM00ii 3 napmuepamu on-
mumizyeamu excnpecito K{HK nosHopo3mipHozo binka ma iio2o 6Ko-
pouenux gopm. Memoou. k/[HK, saxi xooyioms eéxopoueHi ¢hopmu
eEF 1By, cunme3sysanu memooom I1/IP-amniaigpixayii 3 8ionogionumu
npaimepamu i KIOHY8aIU y 6eKMOopu, o Micmsamy iKi aghinHy MimKy
noaicicmuouHo8y nociioosHicmy, 2rymamiotn S-mparcghepasy abo 6i-
JIOK, SAKULL 36 3y€ Manbvmosy. Pexombinanmui 6inku excnpecysanu 6
bakmepisx i ouuwysanu apinHow xpomamozpagiero. Aepecammuii
CMan OMpuManux OLIKI8 AHaNi3y8aNU 3 BUKOPUCTIAHHAM AHALIMUYHOL
eenv-inompayii. Pesynemamu. Onmumizosano excnpeciio, ouuujet-
HA ma ymMosu 36epicants NOBHOPO3IMIpHO20 pekombinanmuozo His-
eEF1By. Takooc ekcnpecogano i ouuueHo 00 20MO2eHHO20 CMAHy
Kinoka exkopouenux hopm eEF1By. /lsi sxopoueni hopmu C-kinyesozo
00MeHYy, AKI MICMAMb aMIHOKUCIOMHI 3anuuku 264—437 i 229-437,
OMPUMAHO Y U0 PO3UUHHUX MOHOMePHUX 0inKie. [l6i 6xopoueHi
popmu N-kinyesoco domeHy, o mMicmsams aAMIHOKUCTOMHI 3ATUUKU
1-33i 1-228, 3numi 3 enymamion S-mparcghepazor, 00epircao y eue-
15101 OuMepi6 32I0H0 3 pe3ynbmamamu 2eib-inempayii. Inui oeneyiil-
Hi Mymanmu, aKi Micmamos aminokuciomui sanvuwiky 1—-92 i 1-163 N-
KIHYe68020 OOMEHY ma 3AUmi 3 OIIKOM, WO 36 'S3V€ MATLIMO3Y, MOICY b
oymu ompumani 1uwe y uenaoi po3uUHHUX 6UCOKOMONEKYIAPHUX d2-
pezcamis. Bucnosku. Ompumano i oxapaxmepuzoearo peKomoinanm-
nutt Oinox His-eEF 1By ma io2o wvomupu éxopoueni popmu. L{i popmu
8 NoOanILWOMY Oyoe BUKOPUCMAHO OJisl 8UBUEHHS OLIKOBO-OLIKOBUX
63a€MO0il.

Kurouosi cnosa: eEF 1By, 0inkoei cmpykmypHi 0omMeHu, ekxcnpe-
cist pekoMOIHanmHux OLIKI8, Xpomamozspapiune ouuwjenHs OLIKIE.

CTpyKTypHOE paszeineHne GpakTopa IOHTAIMH TPAHCISIIHA
1By (eEF1By) uenoBeka: skcrnpeccHs HOJIHOPa3MEpHOTo OesKa 1 ero

YCEeUeHHBIX GopM

T. B. Tpoctok, B. B. Jlronkosckas, B. @. lllanaxk, b. C. Herpyuxwuit,
A. B. Enbckas

Pestome

Lens. /[ns 6onee demanbHo2o u3yueHus c60UCM8 4elo8eHecko2o hax-
mopa snoneayuu mpanciayuu eEF 1By u eco é3aumooeiicmesus ¢ napm-
Hepamu onmumusuposams excnpeccuro KJHK nornopasmepnoeo ben-
Ka, a maxoice e2o yceuennolx opm. Memoowt. k/J[HK, kooupyrowue
ykopouenHoie popmei eEF 1By, eenepuposanu memodom ITL[P-amniu-
Qurayuu c coomeemcmayOWUMU NPAMepami U KIOHUPOBAIU 6 6eK-
mopwl, cooepacawyue 6 Kavecmee adHuUHHOU MemKU NOTUSUCTIUOUHO-
8Y10 NOCIE008AMENbHOCb, 2IYMAMUOH S-mpancgepaszy unu 6e1ox,
ceA3b18aIOWUL MATLMO3Y. Pexombunanmuule 6enxu sxcnpeccuposanu
6 bakmepusx u ouuwjanu aghunnou xpomamoepagueii. Aepecamnoe
cocmosinue NOYYeHHbIX OeNK08 AHANUBUPOBANU ¢ NOMOWLIO AHANU-
muueckou 2env-purompayuu. Pesynomamul. Onmumusuposannt sxc-
npeccus, OYUCmKa U YClo8usl XpaneHus NOIHOPA3MepHO20 PeKoMOu-
nanmuoeo His-eEF1By. Takoice excnpeccupogatsi u ouuuenvl 00 20-
MO2EHHO20 COCMOsIHUSL HECKOIbKO yceuennwlx (hopm eEF1By. Jlse yko-
pouennvie gopmvl C-konye6oeo domena, cooepiicawjue aMuUHOKUC-
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nomHvle ocmamru 264—437 u 229-437, nonyuenst 6 sude pacmeopu-
MbIX MOHOMepHbIX Oenkos. Jlee ykopouennvie ¢hopmel N-konyesozo
domeHa, codepaicawjue amuHokuciomusie ocmamku 1-33 u 1-228,
caumule ¢ enymamuon S-mpancghepasoil, noyuensl 8 gude OUMepos
no pezynomamanm eenv-gurbmpayuu. /lpyeue oenreyuonmvie Mymanmol,
cooepacawue amunoxuciomusie ocmamru 1-92 u 1-163 N-xonyeso-
20 OOMEHA U CIUMBL ¢ DEIKOM, C8AZLIBAIOWUM MATLIMO3Y, MOV OblMb
NOLYHeHbl MOJIbLKO 8 8UOE PACMBOPUMBIX 8bICOKOMONCKVISAPHBIX dzpe-
eamos. Beteoowt. I[Tonyuenst u oxapakmepuzosarvl peKoMOUHAHMHbIL
Gaxmop snoneayuu mpancasiyuu His-eEF1By u eco uemvipe yceuen-
Hble hopmbl, Komopbie 8 OanbHeuueM OYOym UCnOIb308AHbL OIS U3Y-
ueHus OeNK080-0eNKOBbIX 83aUMOOEUCMBUIL.

Kniouesvie crosa: eEF1BY, 6enxkogvie cmpykmypHvie 00MeHbl,
IKCNpeccus peKOMOUNAHMHBIX DENK08, XpomMamozpaguueckas ovu-
cmxa 6enkos.
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