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Aim. To gain more insights into properties of the human translation elongation factor eEF1B� and its interaction

with partners we intended to produce the full-length protein and its truncated forms. Methods. cDNAs encoding

truncated forms of eEF1B� 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-eEF1B� were optimized. Several truncated forms of eEF1B� 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-

eEF1B� 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 (eEF1) 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 eEF1B�, eEF1B� and eEF1B�.

Both eEF1B� and eEF1B� are catalytic guanine nuc-

leotide exchange subunits which interact with eEF1B�,

a structural component of eEF1B complex. Beside the

presence in the complex a functional role of eEF1B� is

not clear. This subunit itself does not possess any ex-

change activity, but eEF1B� isolated from Artemia

salina enhanced the catalytic activity of eEF1B� in

vitro [2]. eEF1B� 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, eEF1B� was

shown to bind and bundle specifically the keratin inter-

mediate filaments [3]. The interaction between eEF1B�

and keratin regulates protein synthesis in the epithelial

cells, but the physiological relevance of this bidirec-

tional relationship remains to be defined [3]. eEF1B�

was suggested to possess nonspecific RNA binding pro-

perties [4]. eEF1B� subunit might be also a regulatory

96

ISSN 0233–7657. Biopolymers and Cell. 2014. Vol. 30. N 2. P. 96–106 doi: http://dx.doi.org/10.7124/bc.000887

� Institute of Molecular Biology and Genetics, NAS of Ukraine, 2014



element within the eEF1B complex. This subunit was

found to be a substrate for the cell cycle protein kinase

CDK1/cyclineB [5]. The phosphorylation of eEF1B�

seems to be necessary for effective translation of vali-

ne-rich proteins [6]. The overexpression of eEF1B�

subunit was observed in some gastric and esophageal

carcinomas [7, 8]. Nuclear localization of eEF1B� in

both normal and cancer tissues suggests an unknown

nucleus-specific role in human cells [9]

eEF1B� 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 �-sheets surrounded by five

�-helices [10]. A functional significance of this domain

remains to be deciphered. By contrast, the N-terminal

domain of eEF1B� is homologous to Theta class glu-

tathione S-transferases (GST) [11] and interacts with

eEF1B� [2]. The crystallographic structure of yeast

eEF1B� 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 eEF1B�

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 eEF1B� 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

eEF1B� N-terminal domain was unsuccessful.

Materials and methods. pET16b/eEF1B� plasmid

containing ORF of human eEF1B� 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 eEF1B� truncated forms. The conservati-

ve domains in the structure of eEF1B� proteins were de-

fined by multiple sequences alignment of eEF1B� 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 ClustalW program (Fig. S1).

Construction of the eEF1B� 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 eEF1B� were pro-

duced by PCR with following pairs of primers: appro-

priate 5' forward primers indicated below and common

reverse 5'-aactcgagcttgaatattttgccctgattgaaggctttgccca

primer. Forward primer for eEF1B� (34–437) fragment

was 5’-ttccatggcaccaccccacttccattttggcc, for eEF1B�

(93–437) – 5'-ttccatggcccaggtggtgcagtgggtga, for

eEF1B� (229–437) – 5'-aaccatggacacaccacggaaagagaa

gggttca, for eEF1B� (264–437) – 5'-aaccatggatgaatgtga

gcaggcgct. PCR was conducted with DreamTaq or Pfu

DNA Polymerase («Thermo Scientific», USA) using

pET16b/eEF1B� plasmid as a template. PCR products

were purified and digested by XhoI and NcoI («Thermo

Scientific») and ligated into pET28b («Novagen».

USA) expression vector digested by the same enzymes.

Resulted recombinant plasmids pET28b/eEF1B� (Nr-

437)-His encode truncated forms of eEF1B� with C-

terminal His-tag.

Constructs with N-terminal His-tag were prepared

in the same way. Forward primer for eEF1B� (34–437)

fragment was 5'-tttcatatggcaccaccccacttccattttggcc, for

eEF1B� (93–437) – 5'-tttcatatggcccaggtggtgcagtgggtga,

for eEF1B� (229–437) – 5'-aaacatatggacacaccacggaaa

gagaagggttca, for eEF1B� (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/eEF1B� plasmid as a template.

PCR products were purified and digested by XhoI and

NdeI and ligated into pET28a («Novagen») expression

vector digested by the same enzymes. Resulted recom-

binant plasmids pET28a/His-eEF1B� (Nr-437) encode

truncated forms of eEF1B� with N-terminal His-tag.

Construction of the eEF1B� truncated forms with

N-terminal GST-tag. The cDNA fragments encoding dif-

ferent truncated forms of eEF1B� were produced by

PCR with following primers: 5' forward tttggatccatg

gcggctgggaccctgtacac was the same for all mutants, re-

verse primer for eEF1B� (1–33) was 5'-tttctcgagtcag
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gagagcacgcggacct, for eEF1B� (1–92) – 5'-tttctcgagtcat

gctgcctctggagtactt, for eEF1B� (1–163) – 5'-tttctcgagtc

atgtgatgtcagccaatgtcac, for eEF1B� (1–228) – 5'-tttctcg

agtcactttttaggttgggtctctgc. PCR was conducted with

Pfu DNA Polymerase using pET16b/eEF1B� plasmid

as a template. PCR products were purified and digested

by BamHI and XhoI and ligated into pGEX6P-1 («GE

Healthcare», USA) expression vector digested by the sa-

me enzymes. Resulted recombinant plasmids pGEX6P/

GST-eEF1B� (1-Nr) encode truncated forms of eEF1B�

in frame with GST sequence.

Construction of the eEF1B� truncated forms with N-

terminal MBP-tag. The cDNA fragments encoding dif-

ferent truncated forms of eEF1B� were produced by PCR

with following primers: 5' forward aagttctgtttcagggccc

ggcggctgggaccctgtacacg was the same for all mutants,

reverse primer for eEF1B� (2–33) was 5'-atggtctagaaa

gctttaggagagcacgcggacctgag, for eEF1B� (2–92) – 5'-at

ggtctagaaagctttaggctgctgcctctggagtacttcc, for eEF1B�

(2–163) – 5'-atggtctagaaagctttagacaactgtgatgtcagccaat

gtcac, for eEF1B� (2–228) 5'-atggtctagaaagctttatgtgtc

ctttttaggttgggtctctgc. PCR was conducted using pET16b/

eEF1B� 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-eEF1B� (1-Nr) encode truncated

forms of eEF1B� in frame with MBP sequence.

Constructs were prepared during the 5th 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 A600 =

= 0.5. The expression was induced by addition of 1 mM

isopropyl 1-thio-�-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 µl of sample

buffer Laemmli with 6 M urea (SBLU1�) and boiled for

10 min. Extract of soluble proteins (SE) was prepared

from the rest of culture. Bacteria were pelleted, washed

twice with extraction buffer (30 mM Tris-HCl, pH 8.0,

30 mM KCl, 0.1 mM EDTA, 10 % glycerol, 2 mM 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 µl of super-

natant was added to 200 µl SBLU1�, boiled for 10 min.

Equal volumes of total and soluble extracts were used

for analysis on SDS-PAGE.

Expression of full-length His-eEF1B� and its trun-

cated forms in bacteria and their purification by affini-

ty chromatography. The protein encoded by pET16b/

eEF1B� plasmid was expressed in E. coli BL21(DE3)

pLysS grown on LB medium supplemented with am-

picillin (100 µg/ml). Culture (0.3 L) was grown at 37 °C

to an A600 = 0.5, transferred at 20 °C and grown till A600 =

= 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-HCl, pH 7.5,

30 mM KCl, 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 � 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-HCl, pH 7.5, 500 mM KCl, 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. eEF1B� 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-HCl, pH 7.5, 150 mM KCl, 55 %

glycerol, 2 mM DTT). Protein was stored at –20 °C. Pro-

tein concentrations were determined using a calculated

absorption coefficient: 1.74 A280 units � mg–1
� cm–1.

The truncated mutants of eEF1B� with N-terminal

His-tag encoded by pET28a/His-eEF1B� (34–437),

pET28a/His-eEF1B� (93–437), pET28a/His-eEF1B�

(229–437), pET28a/His-eEF1B� (264–437) were ex-

pressed in E. coli Rosetta (DE3) grown on LB medium
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supplemented with kanamycin (50 µg/ml). Cultures

(0.4 L) were grown at 37 °C to an A600 = 0.5, transferred

at 20 °C and grown till A600 = 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-HCl, 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 � 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-HCl, pH 7.5, 500 mM NaCl, 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-eEF1B� (34–437) – 75 mM

imidazole, His-eEF1B� (93–437) – 75 mM, His-

eEF1B� (229–437) – 30 mM, His-eEF1B� (264–437) –

30 mM. Finally, all resins were packed into columns

and eEF1B� 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-HCl, 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 A280 units � mg–1
� cm–1 for eEF1B� (34–437), 1.8 –

for eEF1B� (93–437), 1.92 – for eEF1B� (229–437)

and 2.28 – for eEF1B� (264–437).

The truncated mutant of eEF1B� with N-terminal

GST-tag encoded by pGEX6P-1/GST-eEF1B� (1–

230) was expressed in E. coli Rosetta (DE3) grown on

LB medium supplemented with ampicillin (100 µg/

ml). Cultures (0.3 L) were grown at 37 °C to an A600 =

= 0.5, transferred at 20 °C and grown till A600 = 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�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

pH 7.4, 0.5mM EDTA, 10 % glycerol, 5 mM 2-mercap-

toethanol) and packed into column. GST-eEF1B� (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-HCl, pH 7.5, 150 mM NaCl, 55 % glycerol, 5 mM

2-mercaptoethanol). Protein was stored at –20 °C. Pro-

tein concentrations were determined using a calculated

absorption coefficient: 1.74 A280 units � mg–1
� cm–1 for

eEF1B� (1–33), 1.51 – for eEF1B� (1–92), 1.52 – for

eEF1B� (1–163), 1.54 – for eEF1B� (1–228).

The truncated mutants of eEF1B� with N-terminal

MBP-tag encoded by pOPINM/MBP-eEF1B� (1–92)

and pOPINM/MBP-eEF1B� (1–163) were expressed in

E. coli Rosetta (DE3) grown on LB medium supplemen-

ted with ampicillin (100 µg/ml). Cultures (0.3 L) were

grown at 37 °C to an A600 = 0.5, transferred at 20 °C and

grown till A600 = 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-HCl, pH

7.5, 200 mM NaCl, 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 � 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-HCl, pH 7.5, 150 mM NaCl,

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 A280

units � mg–1
� cm–1 for eEF1B� (1–92), 1.5 – for eEF1B�

(1–163).

Protein denaturation-renaturation procedure. The

truncated forms of eEF1B� 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

NaH2PO4 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 HCl, pH 7.5,

150 mM NaCl, 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 HCl

pH 7.4, 500 mM NaCl, 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 6–8 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-HCl, pH 7.5, 150

mM NaCl, 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 Kav value. Kav = (Ve – V0)/(Vt – V0), where Ve

is the elution volume of individual protein, V0 is the

void volume of the column, and Vt is its total bed volu-

me. V0 and Vt 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,

catalase – 232 kDa, alcohol dehydrogenase – 150 kDa,

bovine serum albumin – 67 kDa, ovalbumin – 45 kDa,

chymotrypsinogen A – 25 kDa, cytochrome c – 12,4 kDa.

The Kav 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 («Roche», Germany) were used at 0.5 µg/

ml working concentration. Mouse anti-GST monoclo-

nal antibody («Pierce», USA) was used at 0.5 µg/ml

working concentration. Anti-mouse secondary antibo-

dies conjugated with peroxidase («Sigma», 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 µm nitrocellulose membrane («Bio-

Rad», 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

(«Millipore», USA) on ChemiDoc system («Bio-Rad»).

Results and Discussion. Domain structure of the

eEF1B� protein and design of its truncated forms. The

eukaryotic translation elongation factor eEF1B� (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 30–60 resi-

dues [3, 6, 10, 15]. In order to understand the interac-

tion between eEF1B� 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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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

eEF1B� in the conditions preventing its multimeriza-

tion. The expression of eEF1B� with N-terminal His-tag

was successfully carried out in E. coli. After overnight

IPTG induction at 20 °C His-eEF1B� 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-eEF1B� depen-

ded on its concentration. When His-eEF1B� was loa-

ded on the column at 0.3 mg/ml, it came out as a single

sharp peak (Fig. 3, A), 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-eEF1B� protein. We estimated that the extract of

soluble proteins obtained form as much as 300 ml of

His-eEF1B� 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-

eEF1B� 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-eEF1B� demonstrated that this

protein behaves in solution as a monomer with a small

portion of multimers (V. F. Shalak, unpublished results).

Thus, recombinant His-eEF1B� 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 eEF1B�

[10] were previously observed. The aggregates of rab-

bit eEF1B� could be dissociated by 500 mM NaCl and at

this salt concentration the molecular weight of eEF1B�

was estimated by gel-filtration to be about 140 kDa [16].

The preparation of the B. mori eEF1B� was separated

by gel filtration chromatography at 200 mM KCl 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-eEF1B� the high salt con-
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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 eEF1B� [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 eEF1B� with C-terminal

His-tag in E. coli.

Thus, depending on the concentration, the recom-

binant His-eEF1B� can form soluble and irreversible

under physiological conditions high molecular weight

aggregates. To prevent the aggregation the purified

His-eEF1B� 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 eEF1B� fused with

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 eEF1B�-His, truncated

proteins eEF1B� (93–437)-His and eEF1B� (264–

437)-His were not detected at all by western-blot ana-

lysis of corresponding bacterial extracts. The deletion

mutants eEF1B� (34–437)-His and eEF1B� (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 eEF1B�

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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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-

eEF1B� (34–437) and His-eEF1B� (93–437) proteins

formed large soluble aggregates eluted in the column

void volume or close to it (> 1 MDa). The shorter forms

His-eEF1B� (229–437) and His-eEF1B� (264–437)

migrated as a sharp single peaks of 47 and 30 kDa, res-

pectively (Fig. 5). The calculated molecular weight of

His-eEF1B� (264–437) is 21.4 kDa that is in agreement

with the obtained experimental value, whereas the mo-

lecular weight of His-eEF1B� (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 eEF1B� (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-eEF1B�

(264–437), which is only 13 amino acids longer. By

contrast, His-eEF1B� (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-eEF1B�

(264–437) and His-eEF1B� (229–437) variants are

suitable for further studies with interacting partners.

We attempted also to perform a denaturation-re-

naturation procedure for the His-eEF1B� (34–437) and

His-eEF1B� (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 eEF1B� 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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folding and/or solubility of a particular recombinant

protein expressing in bacteria [18]. Thus, for successful

expression of the recombinant human eEF1B� the N-

terminal localization of an affinity tag appeared to be

crucial.

Expression, purification and aggregation state of the

C-terminally truncated forms of eEF1B� fused with N-

terminal GST- or MBP-tag. The C-terminal eEF1B�

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 eEF1B�

with His-MBP-tag demonstrated good expression, ex-

cept the eEF1B� (1–33) deletion mutant (Fig. 6, upper

panel). In contrast, only GST-eEF1B� (1–33) and GST-

eEF1B� (1–228) were expressed in bacteria as soluble

proteins. Thus, for further purification we chose two

truncated forms with different tags: eEF1B� (1–92) and

eEF1B� (1–163) with His-MBP and eEF1B� (1–33)

and eEF1B� (1–228) with GST-tag. GST-eEF1B� (1–

33) and GST-eEF1B� (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-eEF1B� (1–33) preparation a

small contaminating protein (< 10 kDa) was detected.

Taking into account that the theoretical molecular weight

of GST-eEF1B� (1–33) is 30.4 kDa and GST-eEF1B�

(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-eEF1B� (1–92) and His-

MBP-eEF1B� (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 MBPTrapTMHP

column that specifically interacts with maltose binding

protein. Using this matrix both His-MBP-eEF1B� (1–

92) and His-MBP-eEF1B� (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-eEF1B� (1–

33) and GST-eEF1B� (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 eEF1B�

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 eEF1B� could not be divided into

separate subdomains.

Conclusions. The recombinant His-eEF1B� and its

truncated variants His-eEF1B� (264–437), His-eEF1B�

(229–437), GST-eEF1B� (1–33) and GST-eEF1B� (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 eEF1B� 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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Ñòðóêòóðíèé ïîä³ë ôàêòîðà åëîíãàö³¿ òðàíñëÿö³¿ 1 B� (eEF1B�)

ëþäèíè: åêñïðåñ³ÿ ïîâíîðîçì³ðíîãî á³ëêà òà éîãî âêîðî÷åíèõ ôîðì

Ò. Â. Òðîñþê, Â. Â. Ëþäêîâñüêà, Â. Ô. Øàëàê, Á. Ñ. Íåãðóöüêèé,

À. Â. Åëüñüêà

Ðåçþìå

Ìåòà. Äëÿ äåòàëüíîãî âèâ÷åííÿ âëàñòèâîñòåé ôàêòîðà åëîí-

ãàö³¿ òðàíñëÿö³¿ eEF1B� ëþäèíè ³ éîãî âçàºìîä³¿ ç ïàðòíåðàìè îï-

òèì³çóâàòè åêñïðåñ³þ êÄÍÊ ïîâíîðîçì³ðíîãî á³ëêà òà éîãî âêî-

ðî÷åíèõ ôîðì. Ìåòîäè. êÄÍÊ, ÿê³ êîäóþòü âêîðî÷åí³ ôîðìè

eEF1B�, ñèíòåçóâàëè ìåòîäîì ÏËÐ-àìïë³ô³êàö³¿ ç â³äïîâ³äíèìè

ïðàéìåðàìè ³ êëîíóâàëè ó âåêòîðè, ùî ì³ñòÿòü ÿê³ àô³ííó ì³òêó

ïîë³ã³ñòèäèíîâó ïîñë³äîâí³ñòü, ãëóòàò³îí S-òðàíñôåðàçó àáî á³-

ëîê, ÿêèé çâ’ÿçóº ìàëüòîçó. Ðåêîìá³íàíòí³ á³ëêè åêñïðåñóâàëè â

áàêòåð³ÿõ ³ î÷èùóâàëè àô³ííîþ õðîìàòîãðàô³ºþ. Àãðåãàòíèé

ñòàí îòðèìàíèõ á³ëê³â àíàë³çóâàëè ç âèêîðèñòàííÿì àíàë³òè÷íî¿

ãåëü-ô³ëüòðàö³¿. Ðåçóëüòàòè. Îïòèì³çîâàíî åêñïðåñ³þ, î÷èùåí-

íÿ òà óìîâè çáåð³ãàííÿ ïîâíîðîçì³ðíîãî ðåêîìá³íàíòíîãî His-

eEF1B�. Òàêîæ åêñïðåñîâàíî ³ î÷èùåíî äî ãîìîãåííîãî ñòàíó

ê³ëüêà âêîðî÷åíèõ ôîðì eEF1B�. Äâ³ âêîðî÷åí³ ôîðìè Ñ-ê³íöåâîãî

äîìåíó, ÿê³ ì³ñòÿòü àì³íîêèñëîòí³ çàëèøêè 264–437 ³ 229–437,

îòðèìàíî ó âèãëÿä³ ðîç÷èííèõ ìîíîìåðíèõ á³ëê³â. Äâ³ âêîðî÷åí³

ôîðìè N-ê³íöåâîãî äîìåíó, ùî ì³ñòÿòü àì³íîêèñëîòí³ çàëèøêè

1–33 ³ 1–228, çëèò³ ç ãëóòàò³îí S-òðàíñôåðàçîþ, îäåðæàíî ó âèã-

ëÿä³ äèìåð³â çã³äíî ç ðåçóëüòàòàìè ãåëü-ô³ëüòðàö³¿. ²íø³ äåëåö³é-

í³ ìóòàíòè, ÿê³ ì³ñòÿòü àì³íîêèñëîòí³ çàëèøêè 1–92 ³ 1–163 N-

ê³íöåâîãî äîìåíó òà çëèò³ ç á³ëêîì, ùî çâ’ÿçóº ìàëüòîçó, ìîæóòü

áóòè îòðèìàí³ ëèøå ó âèãëÿä³ ðîç÷èííèõ âèñîêîìîëåêóëÿðíèõ àã-

ðåãàò³â. Âèñíîâêè. Îòðèìàíî ³ îõàðàêòåðèçîâàíî ðåêîìá³íàíò-

íèé á³ëîê His-eEF1B� òà éîãî ÷îòèðè âêîðî÷åí³ ôîðìè. Ö³ ôîðìè

â ïîäàëüøîìó áóäå âèêîðèñòàíî äëÿ âèâ÷åííÿ á³ëêîâî-á³ëêîâèõ

âçàºìîä³é.

Êëþ÷îâ³ ñëîâà: eEF1B�, á³ëêîâ³ ñòðóêòóðí³ äîìåíè, åêñïðå-

ñ³ÿ ðåêîìá³íàíòíèõ á³ëê³â, õðîìàòîãðàô³÷íå î÷èùåííÿ á³ëê³â.

Ñòðóêòóðíîå ðàçäåëåíèå ôàêòîðà ýëîíãàöèè òðàíñëÿöèè

1B� (eEF1B�) ÷åëîâåêà: ýêñïðåññèÿ ïîëíîðàçìåðíîãî áåëêà è åãî

óñå÷åííûõ ôîðì

Ò. Â. Òðîñþê, Â. Â. Ëþäêîâñêàÿ, Â. Ô. Øàëàê, Á. Ñ. Íåãðóöêèé,

À. Â. Åëüñêàÿ

Ðåçþìå

Öåëü. Äëÿ áîëåå äåòàëüíîãî èçó÷åíèÿ ñâîéñòâ ÷åëîâå÷åñêîãî ôàê-

òîðà ýëîíãàöèè òðàíñëÿöèè eEF1B� è åãî âçàèìîäåéñòâèÿ ñ ïàðò-

íåðàìè îïòèìèçèðîâàòü åêñïðåññèþ êÄÍÊ ïîëíîðàçìåðíîãî áåë-

êà, à òàêæå åãî óñå÷åííûõ ôîðì. Ìåòîäû. êÄÍÊ, êîäèðóþùèå

óêîðî÷åííûå ôîðìû eEF1B�, ãåíåðèðîâàëè ìåòîäîì ÏÖÐ-àìïëè-

ôèêàöèè ñ ñîîòâåòñòâóþùèìè ïðàéìåðàìè è êëîíèðîâàëè â âåê-

òîðû, ñîäåðæàùèå â êà÷åñòâå àôôèííîé ìåòêè ïîëèãèñòèäèíî-

âóþ ïîñëåäîâàòåëüíîñòü, ãëóòàòèîí S-òðàíñôåðàçó èëè áåëîê,

ñâÿçûâàþùèé ìàëüòîçó. Ðåêîìáèíàíòíûå áåëêè ýêñïðåññèðîâàëè

â áàêòåðèÿõ è î÷èùàëè àôôèííîé õðîìàòîãðàôèåé. Àãðåãàòíîå

ñîñòîÿíèå ïîëó÷åííûõ áåëêîâ àíàëèçèðîâàëè ñ ïîìîùüþ àíàëè-

òè÷åñêîé ãåëü-ôèëüòðàöèè. Ðåçóëüòàòû. Îïòèìèçèðîâàíû ýêñ-

ïðåññèÿ, î÷èñòêà è óñëîâèÿ õðàíåíèÿ ïîëíîðàçìåðíîãî ðåêîìáè-

íàíòíîãî His-eEF1B�. Òàêæå åêñïðåññèðîâàíû è î÷èùåíû äî ãî-

ìîãåííîãî ñîñòîÿíèÿ íåñêîëüêî óñå÷åííûõ ôîðì eEF1B�. Äâå óêî-

ðî÷åííûå ôîðìû Ñ-êîíöåâîãî äîìåíà, ñîäåðæàùèå àìèíîêèñ-
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ëîòíûå îñòàòêè 264–437 è 229–437, ïîëó÷åíû â âèäå ðàñòâîðè-

ìûõ ìîíîìåðíûõ áåëêîâ. Äâå óêîðî÷åííûå ôîðìû N-êîíöåâîãî

äîìåíà, ñîäåðæàùèå àìèíîêèñëîòíûå îñòàòêè 1–33 è 1–228,

ñëèòûå ñ ãëóòàòèîí S-òðàíñôåðàçîé, ïîëó÷åíû â âèäå äèìåðîâ

ïî ðåçóëüòàòàì ãåëü-ôèëüòðàöèè. Äðóãèå äåëåöèîííûå ìóòàíòû,

ñîäåðæàùèå àìèíîêèñëîòíûå îñòàòêè 1–92 è 1–163 N-êîíöåâî-

ãî äîìåíà è ñëèòû ñ áåëêîì, ñâÿçûâàþùèì ìàëüòîçó, ìîãóò áûòü

ïîëó÷åíû òîëüêî â âèäå ðàñòâîðèìûõ âûñîêîìîëåêóëÿðíûõ àãðå-

ãàòîâ. Âûâîäû. Ïîëó÷åíû è îõàðàêòåðèçîâàíû ðåêîìáèíàíòíûé

ôàêòîð ýëîíãàöèè òðàíñëÿöèè His-eEF1B� è åãî ÷åòûðå óñå÷åí-

íûå ôîðìû, êîòîðûå â äàëüíåéøåì áóäóò èñïîëüçîâàíû äëÿ èçó-

÷åíèÿ áåëêîâî-áåëêîâûõ âçàèìîäåéñòâèé.

Êëþ÷åâûå ñëîâà: eEF1B�, áåëêîâûå ñòðóêòóðíûå äîìåíû,

ýêñïðåññèÿ ðåêîìáèíàíòíûõ áåëêîâ, õðîìàòîãðàôè÷åñêàÿ î÷è-

ñòêà áåëêîâ.
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