
Human interleukin�6 (hIL�6) is involved in various

cell processes: proliferation, differentiation, inhibition of

apoptosis, etc. The clinical application of hIL�6 for can�

cer therapy seems very promising; also, the search for

inhibitors suppressing its numerous functions, on both

the level of individual proteins and cell complexes, is

important [1]. The SELEX (Systematic Evolution of

Ligands by Exponential enrichment) method is now

widely used for this purpose. This method can be used to

prepare aptamers, small DNA or RNA molecules that

specifically and with high affinity bind with their protein

targets and can either regulate or completely inhibit the

activity of cell proteins. The method and its application

have been described elsewhere [2�6]. Aptamers are prop�

erly functional analogs of monoclonal antibodies. To pre�

pare aptamers to hIL�6, a large amount of the recombi�

nant protein with high biological activity is needed.

Interleukin�6 is produced by various cell types. It is a

glycoprotein with molecular weight of 21�26 kD depend�

ing on the isolation source. The extraction of proteins

from human and mammalian tissues and blood serum is a

rather difficult and not productive process; therefore,

methods for obtaining superproducers of useful proteins

in bacterial cells have been intensively developed during

the last decade. This approach for production of a protein

material is characterized by availability and the possibili�

ty to control the amount and quantity of the desired prod�

uct. However, when E. coli are used for cloning genes of

eukaryotic proteins, it is necessary to have in mind the

lack of glycosylation apparatus in bacteria; thus, the func�

tions under study of the protein of interest must be inde�

pendent of the presence of glycoside moiety.

Analysis of data on its structure (PDB 1ALU) has

shown that hIL�6 fits the requirements for bacterial super�

producers [7]. In fact, the glycosylation site is located in

the region of the hIL�6 N�terminal residues, which are

remote from epitopes involved in the binding with recep�

tors. The main difficulty in the hIL�6 preparation is the low

level of its expression and also the formation of inclusion

bodies; therefore, the protein is usually isolated and puri�

fied under denaturing conditions. The renaturation stage is

often the most serious problem in the preparation of the

useful product. To enhance the protein yield, some authors
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used constructions of hIL�6 genes fused with the marker

protein genes and introduction of signaling sequences.

To enhance the solubility of hIL�6 in the E. coli cyto�

plasm, hIL�6 was fused with thioredoxin [8]. The yield of

the protein increased to 1�5 mg from liter of the culture,

but the product had to be cleaved by proteinases, and this

additional stage complicated purification of the protein.

Expression of the chimeric protein hIL�6 combined with

a signaling peptide IL�2 was another attempt to solve the

problem [9]. The protein yield was significantly

enhanced, but it had a relatively low biological activity

and also needed additional stages of detaching the signal�

ing peptide and purification.

An alternative solution was to release hIL�6 into the

cell periplasm, and it allowed, first, the proteolysis stage

to be bypassed and, second, the released protein to be iso�

lated from cellular peptidases [10, 11]. The signaling

sequence of the OMPA protein was used in the work as an

export signal [10]. The yield was increased to 8�10 mg

hIL�6 from 1 liter of the culture. In the work [11], a leader

sequence of chemolysine was used as a secretion signal.

The chemolysine signaling peptide ensured the cell secre�

tion of the protein into the extracellular space, and the

hIL�6 penetration across the cell membrane promoted its

regular folding. However, this recombinant protein was

expressed markedly worse (0.18 mg/liter).

The protein preparation for X�ray crystallographic

analysis (PCA, PDB 1ALU) was obtained by cloning the

hIL�6 gene into the ampR�plasmid pT7.7 that resulted in

appearance of Met(–2) and Ala(–1) residues on the N�

end [12]. The expressed protein aggregated into inclusion

bodies. On the gene hIL�6 expression under the trp�pro�

moter control, the protein also aggregated into inclusion

bodies that required further stages to disassemble these

aggregations. All this prevented obtaining high yields [13].

The main shortcomings of the above�considered

approaches are either the low level of hIL�6 expression or

numerous stages of the protein isolation and purification.

Yasueda et al. tried to increase the yield by optimizing the

nucleotide composition of the hIL�6 gene [14]. They

[14], as well as Li et al. [11], thought the low expression

of hIL�6 to be associated with an incompatibility of the

primary/secondary structure of hIL�6 mRNA and the

translation apparatus of E. coli. Introduction of a six�his�

tidine peptide into the N�end of the protein was used only

for preparing porcine recombinant IL�6 [15]. The protein

yield was 0.5 mg/ml.

It should be emphasized that the biological activity

of all hIL�6 preparations obtained earlier was tested only

for one function of the cytokine, and in each case differ�

ent tests were used, which prevented their comparison.

Thus, none of the known methods for preparation recom�

binant hIL�6 can be used for production of hIL�6 suitable

for choosing aptamers.

The present work was designed to create a hIL�6

superproducer with an additional 20 amino acids on the

N�end, and this would allow us rapidly and in one step to

separate the cell protein and isolate a pure preparation of

hIL�6, while not affecting the biological activity of the

cytokine. We have tested the recombinant hIL�6 using

ELISA and the binding with cell receptors in cell culture.

MATERIALS AND METHODS

Reagents and cell cultures. Reagents used were as fol�

lows: salts of domestic production of special and chemi�

cal purity; type II agarose (Sigma, USA); acrylamide,

N,N′�methylene�bis�acrylamide, and kanamycin (Serva,

Germany); N,N,N′,N′�tetramethylethylenediamine

(Temed) (BioRad, USA); β�mercaptoethanol, BSA, and

Triton X�100 (ICN, USA); bacto�agar, bacto�tryptone

(Difco, USA); Ni�NTA�agarose (QIAgen, Germany);

100 mM dNTP and protein markers (Fermentas,

Lithuania).

The hIL�6 gene was kindly presented by Prof. J.

Wijdnes (France).

Preparation of the protein producer. The superpro�

ducer strain was obtained using a system described in

[16]. The hIL�6 gene was amplified by polymerase chain

reaction (PCR) with primers containing recognition sites

for restrictases NdeI and XhoI:

forward primer: 5′�CAGCCATATGCCCTGCCCCAG�

TACC

and

reversed primer: 5′�AGCACTCGAGCTACATTTGCC�

GAAGAGC.

The hIL�6 gene was cloned into the expression vec�

tor pET28b(+) by the NdeI and XhoI sites. The plasmid

pET28b(+) contains a polylinker, six histidine triplets,

and the phage T7 promoter under control of the lac�

repressor. The E. coli strain JM109 was transformed with

a mixture of ligases. Of the resulting 36 clones, eight were

tested to detect the hIL�6 gene insertion. As shown by

PCR with corresponding primers, the insertion was

detected in four clones (Nos. 1, 9, 10, 14). The gene

sequence was determined using universal primers.

The E. coli strain BL21(DE3) was transformed with

the resulting recombinant plasmid pEThIL�6. Synthesis

of the hIL�6 protein was induced by addition of iso�

propyl�β�D�thiogalactoside (IPTG) to the final concen�

tration of 1 mM. The production of the protein was

assessed by electrophoresis in 12% polyacrylamide gel by

the Laemmli method [17].

Isolation and purification of the protein. For prepara�

tive isolation of hIL�6 under denaturing conditions, the

recombinant strain cells were planted into 500 ml of

nutrient medium LB supplemented with kanamycin
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(100 mg/liter). The cells were grown for 3�5 h until the

absorption A600 = 0.6�0.8, and then induced with 1 mM

IPTG for 3 h at 37°C. The biomass was precipitated by

centrifugation at 7000g for 10 min at 4°C. The cells were

washed in 50 mM Tris�HCl buffer (pH 7.4) and lysed by

ultrasonication; the debris was separated and treated with

solution of 6 M guanidine hydrochloride in the same

buffer for 12�14 h at 5°C with constant stirring. The

resulting suspension was placed onto a column with 300�

600 µl of Ni�NTA�agarose pre�equilibrated with solution

of 6 M guanidine hydrochloride in 50 mM Tris�HCl

buffer (pH 7.4). The sample was incubated with the resin

for 1 h. After the incubation, the resin was washed in solu�

tion of 6 M guanidine hydrochloride in the same buffer

and then in solution of 20 mM imidazole in buffer con�

taining 6 M guanidine hydrochloride. The hIL�6 was

eluted from the resin with 1�2 ml of 1 M imidazole solu�

tion in buffer containing 6 M guanidine hydrochloride.

The protein was renatured using two dialysis modes each

consisting of some stages.

In the first mode (preparation 1) the guanidine

hydrochloride concentration was decreased, and the

preparation was transferred into a storage buffer: a) 1 M

guanidine hydrochloride, 50 mM Tris�HCl (pH 7.4),

2 mM reduced glutathione, 0.2 mM oxidized glutathione

(dialysis for 12�14 h); b) 50 mM Tris�HCl (pH 7.4), 10%

glycerol (dialysis three times for 45 min).

In the other mode (preparation 2) the dialysis system

included four stages with a gradually lowered urea con�

centration: a) 8 M urea, 50 mM Tris�HCl (pH 7.4) (dial�

ysis for 2 h); b) 2 M urea, 50 mM Tris�HCl (pH 7.4),

2 mM reduced glutathione, 0.2 mM oxidized glutathione

(dialysis for 12�14 h); c) 1 M urea, 50 mM Tris�HCl

(pH 7.4), 2 mM reduced glutathione, 0.2 mM oxidized

glutathione (dialysis for 2 h); d) 50 mM Tris�HCl

(pH 7.4), 10% glycerol (dialysis three times for 45 min).

The purity of the product was determined by

Laemmli electrophoresis of the protein, and the protein

concentration was determined by the Bradford method.

During the preparative isolation of hIL�6 under non�

denaturing conditions, the protein synthesis was induced

by IPTG at 20�22°C. The synthesized protein partially

remained in the cytosol and was isolated without guani�

dine hydrochloride. After the 3�h induction the cells were

precipitated by centrifugation, washed, lysed by ultrason�

ication, and the debris was separated from the super�

natant by centrifugation. The resulting supernatant was

placed onto the column with 300�600 µl of Ni�NTA�

agarose pre�equilibrated with buffer supplemented with

10 mM Mes�KOH (pH 6.1). The sample was incubated

with the resin for 1 h, the supernatant was separated, and

the resin was washed in the working buffer and then in the

same buffer containing 20 mM imidazole. The hIL�6 was

eluted from the resin in 1�2 ml of 1 M imidazole solution

in the same buffer. Imidazole was removed by dialysis

against the buffer supplemented with 0.5 M NaCl,

10 mM Mes�KOH (pH 6.1). If the protein was isolated

without denaturing agents, no renaturation stage was

required. At the final stage, hIL�6 was dialyzed against

the buffer supplemented with 0.5 M NaCl, 10 mM Mes�

KOH, and 10% glycerol (pH 6.1) (preparation 3).

Determination of the active hIL�6 concentration. The

concentration of functionally active hIL�6 was deter�

mined by enzyme immunoassay (ELISA) using antibod�

ies, reaction mixtures, and protocols from Biosource

(Belgium). The solution of hIL�6 was diluted (1�4)·106�

fold in serum to obtain hIL�6 concentration in the range

of 25�500 pg/ml. Then the preparation was placed onto a

support with immobilized anti�IL�6 monoclonal anti�

bodies (MCA), the support was washed to remove non�

specifically bound proteins, treated with a solution of sec�

ondary anti�IL�6�biotinylated MCA, and, after the

repeated washing, was covered with streptavidin peroxi�

dase. Upon removal of the unbound peroxidase, a sub�

strate with the chromogenic group was added, incubation

was performed for 30 min, the reaction was stopped, and

the absorption was measured at 450 nm. The active rhIL�

6 concentration was calculated by a calibration curve

plotted for standard hIL�6 (Biosource).

Determination of functional activity of recombinant
human interleukin�6 by flow cytometry. The functional

activity of hIL�6 was studied using cells of immortal lines

of the human multiple myeloma RPMI8226, A1 antibod�

ies to the epitope in the gp130 molecule dimerization site

(kindly presented by J. Brochier, France), and fluorescent�

ly labeled secondary antibodies (ITC�labeled FAB�frag�

ments) to immunogenic lines (MedBioSpektr, Russia).

The hIL�6 activity was determined by the method of

N. N. Tupitsyn [18] based on redistribution of the gp130

molecule epitopes (in particular, disappearance of epi�

topes in the A1 dimerization site) on the membrane of the

multiple myeloma cells under the influence of hIL�6.

Solution of hIL�6 was dissolved in RPMI�1640

medium to the final concentration of 100 ng/ml. The

RPMI8226 cells were collected by centrifugation

(1500 rpm, 3 min), washed in PBS, resuspended in 1 ml

of PBS, and the cell number was determined in a Goryaev

chamber. The total volume was divided into aliquots con�

taining 500,000 cells and collected by centrifugation

(1500 rpm, 3 min). The cells were supplemented with

50 µl of the analyzed or commercial hIL�6 in PBS and

incubated on ice for 30 min. After three washings, the

cells were incubated on ice with A1 antibodies (25 µl, at

the concentration of 25 µg/ml) for 30 min. The antibod�

ies were washed off similarly. Then the cells were supple�

mented with fluorescently labeled antibodies (FAB�frag�

ments) and incubated on ice for 30 min. FAB�fragments

were washed off in PBS, and the cells were resuspended in

500 µl of PBS. The cells treated only with FAB�fragments

or with the A1 antibodies and FAB�fragment were used as

controls. The fluorescence was detected with a flow cyto�

fluorimeter.
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RESULTS AND DISCUSSION

Human interleukin�6 plays a crucial role in various

defense mechanisms, such as immune response, hemo�

poiesis, and acute phase reaction. It is involved in many

cell processes: proliferation, differentiation, maturation,

etc. To clinically test hIL�6 (cancer therapy) and search

for inhibitors of its various functions as an individual pro�

tein and complexes in the cell, a sufficiently large amount

of the hIL�6 protein is required.

We have used a system described in [16] based on the

plasmid pET28b(+) with a strong promoter of the T7

phage under the control of lac�repressor, polylinker, and

six histidine triplets. The hIL�6 gene was cloned into the

expression vector pET28b(+) by the NdeI and XhoI sites.

The presence of six histidine residues on the N�end

considerably facilitates the purification of the protein by

affinity chromatography with a special Ni2+�containing

sorbent.

To provide for stable storage and amplification, the

insertion�containing recombinant DNA was transformed

in the E. coli strain JM109 lacking the gene of the phage

T7 RNA polymerase and unable to express IL�6. It was

necessary to use the recombinant plasmid in non�

expressing strains because of possible realignments of the

plasmid caused by synthesis of a foreign (possibly, toxic

for the cell) recombinant protein produced on the pro�

moter “leakage” even in the absence of inducer.

The recombinant plasmids (Nos. 1, 9, 10, 14) were

retransformed into the E. coli BL21(DE3) strain express�

ing T7 RNA polymerase, and synthesis of hIL�6 was

induced by addition of IPTG. The expression of hIL�6

was detected by electrophoresis according to Laemmli

(Fig. 1). Plasmids of these clones were sequenced, the

resulting sequences were compared with the original hIL�

6 gene, and a change in the C429G position was found

that did not result in the substitution of the Val115 encod�

ed by the corresponding triplet by another amino acid.

Together with the additional 20 amino acids, the

molecular weight of the recombinant protein was

22.55 kD.

Conditions of the protein hIL�6 expression and isola�
tion were optimized for the following parameters.

Induction time. The cells were induced by 2 mM

IPTG for 2�10 h after the growth for 12 h in LB medium

supplemented with kanamycin (50 mg/liter). The amount

of hIL�6 produced was determined by electrophoresis of

the total cell protein upon lysis of the cells. The hIL�6

fraction in the total cell protein was maximal 2�3 h after

the induction beginning and did not markedly change

later.

The inducer concentration. To assess the influence of

IPTG concentration on the protein expression after the

growth for 12 h in LB medium with kanamycin

(50 mg/liter), the cells were induced by 1�4 mM IPTG

during 3�4 h. The inducer concentration had no influence

on the expression level; therefore, the induction was per�

formed with 1 mM IPTG.

Concentration of the selective antibiotic. The cells were

grown for 12 h, induced by 1 mM IPTG, and after the

induction for 3�4 h the expression level was determined

by electrophoresis as described earlier. With increase in

the kanamycin concentration from 10 to 150 mg/liter, the

level of hIL�6 expression significantly increased, which

could be associated with an increase in the plasmid copy

number. However, high concentrations of kanamycin are

undesirable because they are accompanied by an increase

in expression of a concomitant 29�kD protein and con�

tamination of the isolated protein preparation.

Induction temperature. Two parallel experiments were

performed: the protein synthesis was induced for 3�6 h at

37°C in the first experiment and at 20�22°C in the other.

Then the cells were collected by centrifugation, broken by

ultrasonication, and the supernatant was separated. The

cell debris was treated with 6 M guanidine hydrochloride

for 12�14 h. Contents of the recombinant hIL�6 were ana�

lyzed by Laemmli electrophoresis in the total cell lysate

and debris. In the first experiment, virtually all protein

(90%) was present in the cell debris, and in the second

case it was partially found in the total cell lysate (Fig. 2).

As a result, the following conditions were chosen for

expression of the hIL�6 protein: the cells were grown in

LB medium supplemented with kanamycin (100 mg/liter)

to absorption of 0.6�0.8 at 600 nm, then induction with

1 mM IPTG was performed for 3 h at 20�22°C. Figure 3

presents the electrophoregram of the rhIL�6 protein

preparation isolated using Ni�NTA�agarose.

Because the protein was isolated with denaturing

agents, its functional activity depended on the renatura�

tion conditions. The hIL�6 was renatured by stepwise

dialyses: in the first case the buffer composition was

sharply changed, and in the second case the urea concen�

tration was decreased gradually (see “Materials and

Methods”).

The renaturation schemes used allowed us to obtain

a gradual and, correspondingly, more regular formation

of the protein structure. When the protein was isolated

Fig. 1. Laemmli electrophoresis in 12% polyacrylamide gel of the

total cell protein of the superproducer E. coli. The “+” denotes the

IPTG�induced cells, the “−” means the control uninduced cells

(Nos. 1, 9, 10, 14).

1+       1–        2+      2–   3+       3–       4+         4–
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without denaturing agents, the hIL�6 was dialyzed against

buffer supplemented with 10% glycerol to remove imida�

zole (preparation 3).

The three preparations of the protein were tested for

functional activity.

Determination of functional activity of recombinant
hIL�6 by ELISA. The concentration of the active form of

rhIL�6 in the three preparations was determined by

enzyme immunoassay (ELISA). The hIL�6 was sorbed

on a support with monoclonal antibodies (MCA) and

treated with secondary MCA. The ELISA method

allowed us to assess the fraction of the cytokine mole�

cules, and comparison of these data with the protein

quantity determined by Bradford’s method gave the

active protein fraction. The preparations 1�3 of rhIL�6

were analyzed by ELISA. The results are presented in the

table.

All three preparations contained a high fraction of

active cytokine molecules (table). Preparation 3 isolated

without denaturing agents was the most active. The active

protein fractions were lower in preparations 1 and 2 iso�

lated with involvement of guanidine hydrochloride. Note

that the gradual stepwise removal of the denaturing agent

promoted the more regular folding of the protein, as indi�

cated by the higher fraction of the active molecules in

preparation 2 than in preparation 1.

Determination of functional activity of recombinant
hIL�6 by flow cytofluorimetry. The functional activity of

hIL�6 was studied by flow cytometry on cells of human

multiple myeloma RPMI8226 immortal lines. Under

normal culture conditions, these cells equally express all

epitopes of the gp130 molecule. Addition of hIL�6 to

these cells leads to dimerization of the molecule and

Fig. 2. Laemmli electrophoresis in 12% polyacrylamide gel of the

total cell protein expressed upon the induction by IPTG in the E.

coli BL21(DE3) cells transformed by the pET28IL�6 plasmid. a)

The induction was performed at 37°C; b) the induction was per�

formed at 20�22°C. Lanes: 1) the supernatant after the ultrasonic

destruction of the cells; 2) the cellular debris after separation of the

supernatant.

1                  2 1                       2

a b

Fig. 3. Analysis by electrophoresis in 12% polyacrylamide gel of

the purity of the hIL�6 protein preparation isolated using Ni�

NTA�agarose. Lanes: 1) marker protein, 24 kD; 2) hIL�6 fraction

after purification on the resin.

1                 2

Fig. 4. Functional activity of preparations 1�3 determined by flow

cytofluorimetry. The peak 1 maximum position on the abscissa

axis corresponds to the fluorescence intensity of cells labeled only

with secondary antibodies (FAB�fragments); the peak 2 maximum

position corresponds to the fluorescence intensity of cells labeled

with both A1 antibodies and FAB�fragments; the dark peak maxi�

mum corresponds to the fluorescence intensity of the cells prein�

cubated with the isolated preparations: a) preparation 1; b) prepa�

ration 2; c) preparation 3; d) commercial hIL�6.

0
100 101 102 103 104

Fluorescence intensity

N
u

m
b

e
r 

o
f 

ce
lls

1 

128

0

2 

100

c

101 102 103 104

1 

128

0

2 

100

d

101 102 103 104

0
100 101 102 103 104

128

128

1 
2 1 

2 

a b



PREPARATION OF RECOMBINANT HUMAN INTERLEUKIN�6 429

BIOCHEMISTRY  (Moscow)   Vol.  72   No.  4   2007

changes in the gp130 immunophenotype, and this under�

lies the detection of the functional activity of hIL�6. We

have considered an epitope (to antibody A1) in the

dimerization site of the gp130 molecule.

As controls, we used the cells labeled only with FAB�

fragments (presenting the minimal fluorescence intensity,

or the background) and cells labeled with A1 antibodies

and secondary antibodies, or FAB�fragments (presenting

the maximal fluorescence intensity, because A1 epitopes

in the gp130 dimerization site were free of A1 antibodies).

When the RPMI8226 cells were preincubated with a

functionally active preparation of recombinant hIL�6, the

gp130 receptors formed dimers, and, as a result, A1 epi�

topes became unavailable for A1 antibodies, which

decreases the fluorescence intensity. Figure 4 presents

flow cytometry data on the functional activity of the three

preparations of hIL�6 compared with the commercial

preparation. All three preparations were functionally

active, as indicated by the decreased fluorescence intensi�

ty (comparison by the abscissa axis).

The system for superproduction of recombinant

hIL�6 developed by us ensures the production of a func�

tionally active 90�95% pure hIL�6 at the yield of 3 mg per

liter of cell culture. The system of stepwise dialyses

allowed us to obtain active protein preparations isolated

with denaturing agents. The preparation isolated without

denaturing agents was the most active, as shown by

ELISA. By flow cytofluorimetry, the hIL�6 preparation

was shown to influence the gp130 receptor dimerization,

and this indicated a high activity of the isolated protein.
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Preparation

1

2

3

Active fraction,
%

81

84

71

87

86

89

97

96

92

Determination of active hIL�6 fraction in preparations 1�3

IL�6 concentration
by ELISA, pg/ml

24.25 

50.36

84.81

21.75

42.86

89.25

21.19

43.15

83.14

Absorption
(at 450 nm)

0.55

0.64

0.76

0.53

0.61

0.78

0.54

0.61

0.76

Final concentration
after dilution, pg/ml

30

60

120

25

50

100

22.5

45

90

Total protein
concentration

(by Bradford), µg/ml

120

100

90


