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The goal of this study was to produce recombinant mouse IFNAT11 in soluble form
escaping the procedure of its refolding and maximally preserving its physiological activity.
The mouse Ifinall was cloned into the pET-24a(+) vector and expressed in E. coli. The iden-
tity of IFNA was confirmed by antiviral activity test. The optimization of the temperature of
cultivation and percentage of glucose in the medium has given a maximal output of soluble
IFNA 35 mg per L.

Keywords: murine interferon alpha, protein production, procedure optimization,
E. coli expression system.

Interferon alpha (IFNA) is the first cytokine that was discovered. Nevertheless it still
keeps its own secrets — the peculiarity of its behavior in the absence of pathogen invasion, the
mechanisms of its side effects during clinical application etc. Interferons comprise a large group
of secreted cytokines implicated in innate and adaptive immunity. The three subgroups of IFNs
(IFN I, IFN II and IFN III) are broadly classified and distinguished by their primary amino acid
sequence homology, genetic locus, unique receptor complexes through which they transduce
their signals and stimulus and cell type producing them [10, 18, 20]. The IFNs type I and type III
are produced by nearly all nucleated cells while production of type II is restricted to natural killer,
NK and T cells and by antigen presenting cells (monocyte/macrophage, dendritic cells) [20].

The IFNs exhibit a wide range of biological activities: antiviral, antiproliferative and im-
munomodulatory; they up-regulate MHC I and MHC II, the major histocompatibility complexes;
activate immunoproteasomes; induce proapoptotic genes etc. [11, 19, 23]. The IFN type I that ex-
hibits the strongest antiviral and antiproliferative activities has become an indispensible agent for
the treatment of multiple diseases like hepatitis C [15, 16], hematological malignancies, chronic
leukemia and lymphomas, melanoma [5], multiple sclerosis and many others [3].

The headache, malaise, fever, chills, fatigue, myalgia, nausea, backache and artralgia are
typical side effects during IFNA treatment [4, 9]. The mechanisms of these side-effects as well as
non-responsiveness to IFNA treatment of about 50% of patients chronically infected with hepati-
tis C virus are not clear and require additional studies [12].

IFNA interacting with its specific receptor activates the well-defined JAK-STAT signaling
pathway with formation of an IFN-stimulated gene factor 3 (ISGF3) complex that moves into the
cell nucleus and binds to specific IFN-stimulated response elements (ISRE3) in the promoters of
certain genes known as IFN stimulated genes (ISGs). Binding of ISGF3 to these specific response
elements regulates their transcription [10].
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The bioinformatical genome-wide search for the genes containing ISRE in their promoters
conducted in our lab has revealed three previously unknown potential target genes for IFNA that
encode the proteins of nervous synapses [1, 2, 29]. We suggest that these genes may be responsible
for genesis of side effects during IFNA treatment particularly those effects with deviant function of
central nervous system. To check this idea we plan to carry out the in vivo and in vitro experiments
and determine the responsiveness of these genes to IFNA. Large amount of IFNA is required for
our experiments. Due to the high cost of IFNA produced by manufacturers the main goal of this
study was to clone gene encoding murine IFNA and produce the protein. Here we describe a stra-
tegy for cloning and production of murine IFNAT11 in Escherichia coli expression system.

Experimental procedures

Choice of Ifina gene for cloning.

The mouse genome contains 14 Ifna genes and three /fna pseudogenes [18]. They are clus-
tered on murine chromosome 4 [13]. The IFNAs of different subtypes consist of 165-208 amino
acids, majority of IFNAs except IFNA14, IFNA6T and IFNAA (IFNA3) are glycosylated. The
specific activities of subtypes are somewhat different, e.g. IFNA11 reveals the highest antiviral
activity in assay with BALB 3T3 cells infected with Mengo virus [18] and that is why the Ifnall
gene was selected for further cloning procedures.

Isolation and amplification of protein-coding fragment of Ifnall gene.

Genomic DNA was extracted from murine liver using Genomic DNA Purification Kit
(Thermo Scientific, USA). The full-size nucleotide sequence of Ifnall gene (ND: BC116870)
corresponding to its coding part [27] was amplified using Pfu Polymerase (Thermo Scientific,
USA) and forward primer with Ndel restriction site and reverse primer with Xhol restriction
site. The primers for amplification were as follows: Ifnallf - 5’-ATC-CAT-ATG-TGC-GAT-
CTG-CCT-CAC-ACT-TAT-AA-3’ and Ifnallr - 5’-ATC-CTC-GAG-TCA-GGA-CTC-AAG-
CCT-TCT-CTT-C-3’. The codons marked in bold correspond to the position of restriction sites
and underlined codons — to the position of start and stop codons. The amplicon was purified using
“GeneJET PCR purification kit” (Thermo Scientific, USA).

Cloning of Ifnall.

The purified PCR product and pET-24a(+) plasmid (Merck Millipore, USA) were conse-
quently digested with Ndel and Xhol restriction endonucleases. Digested vector was gel-purified
in order to remove residual supercoiled not digested plasmid using «GeneJET Gel Extraction
Kit» (ThermoScientific, USA).

Inserts were cloned between the Ndel and Xhol sites of pET-24a(+) downstream of the T7
promoter and under control of the IPTG-inducible lac promoter (Fig. 1, 2).

Xhol Ndel
(158)  (238) Xhol Ndel Xhol Ndel
| —
PET-24a(+) +  marr = ( pET-24a(+) + Ifnall )
5230 bp 5746 bp
..... C tatg..... TCGAG.....CA oL TCGAG. . CALELE. ...
..... gaget  ac... C....GTAT o gaget, . GTATae.....

Fig. 1. Design of plasmid pET-24a(+) ligation with Ifnall insert.

E. coli XL1-Blue recAl endAl gyrA96 thi-1 hsdR17 supE44 relAl lac [F’ proA*B* lacl
AlacZ)M15 zzf::Tnl0 (Tet®)] (Stratagene, USA) cells were used for cloning procedure. Cells
were transformed by a standard protocol of the heat shock method. Afterwards the cells were
plated on solid LB agar containing 50 pg/ml kanamycin and incubated at 37°C for 16 h.

The germinated colonies were tested for the presence of built-in sequence via PCR using
primers listed above. The presence of amplified inserts was tested by agarose gel electrophoresis.
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Colonies that gave a positive signal for electrophoresis were cultured at standard conditions and
used for plasmid preparation using standard alkaline lysis protocol. Restriction mapping analysis
was performed using Rsal restriction enzyme. The nucleotide sequences of the selected clones
and their identity with Ifnall coding sequence was confirmed on automated DNA sequencer with
standard T7 promoter primer (Syntol, Moscow, Russia).

pET-24a(+)+ Ifnall —3
5746 bp O

<

(1]

Rsa
3014-30;1 >

Ifnail
insert

Fig. 2. Scheme of pET-24a(+) — Ifnall construction.

Expression of IFNA11 in E. coli System

A number of different expression systems are available, and some of them like Bacil-
lus subtilis, Streptomyces lividans, methylotrophic yeasts Pichia pastoris, murine myeloma NSO
Cells, baculovirus-infected insect cells and even plant system Nicotiana tabaccum were tested for
IFNA production [21, 22]. These systems provide rapid scale-up, high control of the level of ex-
pression and post-translational modification. However, E.coli expression system still remains the
system of choice for the synthesis of heterologous proteins and IFNA, particularly. The system is
well established and produces proteins at a high level. It provides the fast growth of host cells to
high cell density [6, 27]. There are available well elaborated genetically modified strains for safe
and high-performance protein production.

Besides its advantages E. coli expression system has several disadvantages namely inabi-
lity to post-translationally modify the proteins and to intensively synthesize eukaryotic proteins
due to the presence of rare codons in bacterial genome. The first disadvantage is irrelevant to
IFNA production as the activity of IFNA does not depend on its glycosylation [18]. Eight rare
codons in E.coli and therefore low amounts of corresponding tRNAs are problematic for high ex-
pression of protein of interest [17]. Unlike E. coli the coding sequence of Ifnall contains 5 AGG
(Arg), 5 AGA (Arg), 2 CCC (Pro), CGA (Arg), CUA (Leu) and AUA (Ile) codons. To overcome
the second problem the co-production of the rare tRNAs are highly required. Rosetta (DE3) host
strain meets a requirement as it contains pRARE encoding tRNA genes argU, argW, ileX, glyT,
leuW, proL, metT, thrT, tyrU, and thrU. So the rare codons AGG, AGA, AUA, CUA, CCC, and
GGA are supplemented.

Rosetta (DE3) cells were transformed with the pET-24a(+) — Ifnall plasmid using heat-
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shock method and cultivated overnight at 37°C on Luria—Bertani (LB) agar plates containing 50
pug/ml kanamycin and 34 pg/ml chloramphenicol. One colony was inoculated in 5 ml LB medium
with antibiotics and 1% glucose and the culture was grown overnight at 250 rpm, 37°C. After-
wards 1.5 ml of this start culture was added to 30 ml (ratio 1:20) of LB medium with antibiotics
and further incubated at 37°C to OD, ~ 0.5. Thereafter the cultures were induced by IPTG at
final concentration of 1 mM and cultured for an additional 20 hours at 37°C. The culture that was
not induced with IPTG served as control.

Monitoring of [IFNA11 production.
The initial IFNA11 expression at zero time and in 3 and 20 hours after IPTG induction

was controlled. Cells from induced and un-induced cultures were harvested by centrifugation
(4000%g, 10 min, 4°C). Pellet was resuspended in lysis buffer (25 mM HEPES pH 7.0, 500 mM
NaCl, 10% w/v Glycerol, 0.025% w/v NaAzide, 0.5% w/v CHAPS, 10 mM MgCl,) and homo-
genized in Potter homogenizer. The homogenate was centrifugated at 10000 g for 20 min at 4°C,
supernatant containing the soluble proteins was collected and the pellet containing the insoluble
proteins was resuspended in the initial volume of lysis buffer. The concentration of protein in
total homogenate and both fractions was measured with Bradford reagent and equal amounts of
protein were loaded on 12% SDS—-PAG and subjected to electrophoresis [14]. Gels were stained
with Colloidal Coomassie [8] (Fig. 3, 4).
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Fig. 3. Expression of /FFNA 11 in transformed Rosetta (DE3) cells grown in LB medium at 37°C:
A: SDS-PAGE analysis of non-fractionated homogenate of transformed Rosetta (DE3) cells. Lanes: M —

PageRuler Prestained Protein Ladder, 10 to 170 kDa (Thermo Scientific, USA); 1, 2, 3 —samples of

not induced by IPTG cellular culture collected at 0, 3 and 20 hours of cultivation, respectively. 4,

5, 6 —samples of induced by 1 mM IPTG cellular culture collected at 0, 3, 20 hours after induction,

respectively; 7 — 0.5 pg of human IFNA, Mr 19 kDa. B: densitogram of human IFNA-specific

band (lane7) and the bands of similar molecular mass (lanes 5 and 6).

In 3 and 20 h after IPTG induction the products of the expected molecular mass were
determined in the cultivated cells (Fig. 4A, lanes 5, 6). We have measured the density of these
two bands and the band of IFNA with ImagelJ software. Taking the area under the curve of human
IFNA signal conventionally for one the corresponding values of two other signals is estimated
as equal to 3.13 (3 h of cultivation) and 3.53 (20 h of cultivation) arbitrary units. It is clear that
the most amount of protein is synthesized during first 3 hours of cultivation and only slightly
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increases till 20" hour. The approximate yield of IFNA is ~ 35 pg/ml of culture medium. The spe-
cific antiviral activity of total lysate was verified and confirmed by resistance of L.292 fibroblasts
to the vesicular stomatitis virus [4].

Optimization of protein yield

We decided to get the desired product in the soluble form for to evade the laborious proce-
dures with inclusion bodies and to preserve the biological activity of the final product. To realize
this we varied the temperature of cultivation and the medium composition and controlled the yield
of the product in the soluble form by SDS-PAGE. We have tested two parameters — the reduced
temperature of cultivation (25°C) and the standard medium supplemented with 1% glucose.

The cultivation at lower temperature limits the in vivo aggregation of recombinant protein
and promotes their correct folding and increases their solubility too [25]. It slows down the rates
of transcription and translation and partially eliminates the heat shock proteases. Previously it
was shown, that higher production of IFNA2 with better stability was obtained at 25°C [7]. The
glucose addition as a carbon source is often used in order to reduce the time of cultivation and
increase the yield of desired product in the soluble form [24]. Addition of 1% glucose represses
the induction of lac promoter by lactose which is present in LB medium.

2 9% 10 11 12

Fig. 4. The production of recombinant IFNA11 by the cells grown at 37°C and 25°C with or without 1%
glucose. Lanes: M — PageRuler Prestained Protein Ladder, 10 to 170 kDa (Thermo Scientific, USA);
1, 2, 3 — total, soluble and insoluble fractions from the cells grown at 25°C with 1% glucose in
the medium; 4, 5, 6 — total, soluble and insoluble fractions from the cells grown at 37°C with 1%
glucose in the medium; 7, 8, 9 — total, soluble and insoluble fractions from the cells grown at 25°C
without glucose in the medium; 10, 11, 12 — total, soluble and insoluble fractions from the cells
grown at 37°C without glucose in the medium.

To assess the yield of INFA in soluble and insoluble forms under different conditions of cells
cultivation the density of corresponding bands was measured using ImagelJ software (Table 1).

Table 1
The percentage of soluble and insoluble INFA output at different conditions of cells cultivation

. Temperature of cultivation
Concentration of glucose 3550 3750
in the medium Soluble | TInsoluble Soluble | Insoluble
1% 10.5 89.5 25.7 74,3
0% 11.8 88.2 36.3 63.7

The maximal output of IFNA in soluble form was obtained after cultivation of transformed
Rosetta (DE3) cells at 37°C in the medium without glucose. The method may be applied to pro-
duction of IFNA in the soluble form and in required amount. There is still a possibility to optimize
the IFNA output by testing different additives to culture medium and lysis buffer. This task will
be the challenge for the further experiments.
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Mertol0 JaHOTO JOCHiKeHHs OyJ10 OTPUMAHHS MHIIAY0ro PEKOMOIHAHTHOTO
IFNA11 y po3uunHil (opmi, OMHHAIOUN TPOLEAYPY PEHOIAUHTY ISl MAKCHMAILHOTO
30epexeHHs1 Horo (isionoriynoi axtuBHOCTI. Mumaunit [fnall xiaonyBamm B pET-24a
(+) Bexrtop i npoxykyBamu B E. coli. Inentnunicts IFNA Oyno migrBepmkeHO TecToM
NIPOTHBIPYCHOI akTUBHOCTI. MakcumanbHuii Buxin pozunHHoro IFNA npu mMoandixarisx
TeMIIepaTypy KyJIbTUBYBaHHS 1 BMICTY IVIFOKO3U B CEPEIOBHILI CTAHOBHB 35 MI/JI.

Knrouogi cnosa: Mumaunii intephepoH anbgha, NpoxyKuis Oiika, ONTHMI3aLis Mpo-
Iiecy OTpUMaHHs, cucTeMa excrpecii £. coli.
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Llenpr0 MaHHOTO HCCIENOBAaHHS OBLIO IMONYyYSHHE MBINIMHOTO PEKOMOMHAHTHOTO
IFNA11 B pactBopuMoii popme, MUHYS TIpoIeaypy pedoIuHra Ui MaKCHMaJIBHOTO CO-
XpaHEeHHUs ero (PU3MOIOrNIeCKO aKTUBHOCTH. MBIMHGIH [fiall xnonupoBanu B pET-24a
(+) BexTOop W mpousBomIH B E. coli. Unentnanocts IFNA Oputa moaTBepskieHa TeCTOM
Ha IPOTUBOBUPYCHYIO aKTUBHOCTb. MakcumainbHbli BbIXo# pactBopuMoro IFNA mpu
MOAN(HUKAINSAX TEMIIEPATyphl KYJIbTHBAPOBAHUS U COJEPKAHUS IIFOKO3EI B CPEie COCTaB-
1511 35 Mr/a.

Kniouesvie cnosa: MUIMMHBIA HHTEP(EpOH anbda, MpoxyKuus Oenka, ONTHMH3AIHS
Tporecca MoTydeHNs], CHCTeMa SKCIpeccHu E. coli.



