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Abstract 

 
Recombinant human interferon alpha-2a (rhIFNα-2a) has been widely used for clinical therapy as antiviral, 

anticancer as well as immunomodulator. In this study, the open reading frame (ORF) encoding synthetic hIFNα-

2a was constructed to be in framed with N-terminal alpha factor secretion system in methylotropic yeast Pichia 

pastoris. This research aimed to construct, express and analyse the non-affinity tagged recombinant human 

interferon alpha-2a in the methilotropic yeast P. pastoris. We used pPICZαB plasmid for cloning and expression 

vector. The confirmed recombinant plasmid containing the correct DNA sequence of hIFNα-2a was linearized 

by SacI restriction enzyme, then transformed into P. pastoris genome using electroporation. We screened two 

multi-copy recombinants in YPDS plates containing Zeocin™. Buffered complex medium containing 0.5 % 

methanol (BMMY) was used for protein expression for 48 hours in the culture condition. The recombinant 

protein was purified by blue sepharose affinity chromatography. Analyses of hIFNα-2a protein by SDS-PAGE 

and Western blot confirmed that protein band in which was observed around 19.2 kDa, was recombinant hIFNα-

2a. The quantification of purified rhIFNα-2a using colorimetric binichoninic assay (BCA) informed that the 

yield was 44 mg/L culture (OD600= 2-3).  
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Introduction 

 
Interferon α (IFN-α) family is the most 

dominant class of interferon produced by 

stimulated blood leukocytes. Human inter-

feron alpha (hIFN-α) consists of 188 amino 

acids (23 residues are signal peptide and 165 

residues are mature protein) that has been 

widely applied as therapeutic proteins because 

it has antiviral, antiproliferative and 

immunomodulator activities. Two recom-

binants of hIFN-α (2a and 2b) have been 

recognized by the U.S food drug adminis-

tration (FDA) on June 1986 as therapeutic 

proteins for hepatitis and cancer treatments. 

Human interferon alpha 2a (hIFN-α2a) is 

widely used in clinical treatment to overcome 

several types of tumor and cancers such as 

melanoma, AIDS-related Kaposi’s Sarcoma 

and Chronic Myelogenous Leukemia (CML) 

(Ferenci, 1993; Bekisz et al., 2010). 

Several different expression systems have 

been used for interferon production. The first 

approved products on the market were 

Roferon A (IFN-α2a; Hoffmann-La Roche) 

and Intron A (IFN-α2b; Schering-Plough), 

both of them were produced in Escherichia 

coli (Meager, 2006). However, the 

overexpression of human alpha interferon 

proteins in E. coli often forms inactive protein 

or inclusion bodies (Babu et al., 2000). The 

inclusion bodies are usually misfolded as well 

(Villaverde & Carrio, 2003). The refolding 

process of inclusion bodies to obtain correct 

folding of protein can be laborious and also 

time consuming (Ningrum et al., 2012),  

consequently, overexpression in certain 

expression host to obtain soluble form is 

required. The hIFN-α2a products that are 

produced in methylotrophic yeast P. pastoris 

neither widely used, nor commercially 

available. Fast growth rate, high protein yield, 

low production cost, correct protein folding 

and most importantly, the formation of 

disulfide bonds and glycosylation are some 

advantages of producing proteins in the 
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methilotrophic yeast P. pastoris expression 

system (El-Baky & Redwan, 2015). The 

purification process of targeted protein 

becomes easier because P. pastoris slightly 

secretes its protein out of the secretory 

pathway. 

Extra sites for tagging (e. g. histidine tag) 

on gene expression vector construction, will 

encode proteins biosimilar, aims to facilitate 

the purification stage of the protein expressed 

by the host cell selected. The existence of this 

site makes the protein production has no 

resemblance to the originator. It is reported 

that affinity tags in recombinant protein may 

have immunogenic implication and alter 

characteristics or functions (Terpe, 2003). 

Sometimes, peptide tags are less likely to 

interfere when fused to the protein. However, 

in some cases, they may stimulate negative 

effects on the tertiary structure or biological 

activity of the fused protein (Bucher et al., 

2002; Klose et al., 2004; Khan et al., 2012). 

Therefore, in this study we expressed the 

interferon alpha- 2a protein with no affinity 

tag in yeast P. pastoris, which is expected to 

have close resemblance with its originator 

product.  

 

 

Materials and Methods 
 

Construction and Cloning of rhIFN-α2a 

ORF in E. coli. We used a codon optimized 

synthetic gene in order to obtain higher 

expression level. DNA encoding hIFNα-2a 

(from gene bank), which was constructed in 

the PUCIDT-AMP plasmid, was digested by 

XhoI and XbaI restriction enzymes then ligated 

into pPICZαB expression vector. The ligation 

mixture was transformed into XL1 blue E. coli 

competent cells by heat shock at 42 oC for 2 

minutes then incubated at 37 oC with shaking 

in LB liquid medium for 1 hour. After 

incubation, the transformed cells were plated 

into LB agar medium containing ampicillin. 

The clone selection was performed after 

overnight incubation at 37 oC. Recombinant 

plasmids from the clones were characterized 

and their sequences were confirmed by 

sequencing analysis. Recombinant plasmid 

that had correct size and sequence was 

transformed into GS115 yeast strain for 

protein expression. 

 

Transformation, Screening, and Expression 
of rhIFN-α2a in P. pastoris. For yeast 

transformation, recombinant plasmid 

pPICZαB-IFNα2a was linearized by SacI 

restriction enzyme. Preparation of competent 

P. pastoris cells strain GS115 was performed 

by resuspending the cells pelet in 1 mL of ice-

cold 1 M sorbitol. As much as 10 µg of 

linearized plasmid were transformed into 80 

µL of yeast competent cells using 

electroporation method as given in the 

protocol (Invitrogen). The transformation 

product was spreaded into YPDS plates (1 % 

yeast extract, 2 % peptone, 2 % dextrose, 1 M 

sorbitol, and 2 % agar) containing 100 µg/mL 

of Zeocin™ then incubated at 30 oC for 

several days until colonies were formed. All 

single colonies were screened on YPDS plate 

containing 500, 1000 and 2000 µg/ml Zeocin™ 

and incubated at 30 
o
C for 2-7 days. Survived 

transformants were used for expression study. 

Single colony of each transformant was 

inoculated into 2 mL BMGY liquid medium (1 

% yeast extract, 2 % peptone, 100 mM 

potassium phosphate pH 6, 1.34 % yeast 

nitrogen base with ammonium sulfate, 4×10
-5 

% biotin, 1 % glycerol) then incubated at 30 
o
C with shaking at 250 rpm until the culture 

reaches an OD600 = 2-6. The cells were 

harvested and resuspended in 2 mL of BMMY 

liquid medium (1 % yeast extract, 2 % 

peptone, 100 mM potassium phosphate pH 6, 

1.34 % yeast nitrogen base with ammonium 

sulfate, 4×10
-5

 % biotin, 0.5 % methanol 

absolute) (final OD600 = 1) at 30 oC with 

shaking (250 rpm) for 48 hours. Methanol 0.5 

% was added every 24 hours for maintaining 

the induction. The culture was harvested with 

centrifugation at 1,500 g for 5 minutes. 

Supernatant was collected and stored at certain 

temperature for further analyses. 

 

Overproduction, Purification and 
Quantification of rhIFN-α2a. The GS115 

yeast cells carrying pPICZαB-hIFNα-2a were 

grown in 25 mL BMGY medium. The culture 

was incubated overnight at 28-30 oC with saking 

at 250 rpm and harvested at an OD600 = 2-6 by 

centrifugation at 1,500 g for 5 minutes. The 

cells pellet was resuspended in 50 mL BMMY 

medium (final OD600 = 1). The addition of 0.5 

% methanol was done for every 24 hours 

during 48 hours of induction. Harvesting 

process was performed by centrifugation at 

maximum speed for 5 minutes at room 
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temperature to collect the supernatant 

(Invitrogen, 2010). 

The supernatant was concentrated into 5 

mL using 10 kDa of Minimate™ TFF system 

(PALL, USA). The concentrated fraction was 

applied into prewashed Blue sepharose resin 

(GE Healthcare) using wash buffer containing 

1×PBS pH 7.0. After 3 times of sample 

loading, the resin was washed 5 times using 

wash buffer, then eluted with 5 mL elution 

buffer containing 1×PBS pH 7.0 and 1.5 M 

NaCl. The purified protein was filtered by 

Amicon® (Millipore) with 3 kDa cut off, then 

characterized by SDS-PAGE and Western 

blot. Quantification of purified proteins were 

determined by bicinchoninic acid assay protein 

kit (Pierce, USA) with various concentration 

of bovine serum albumin (25 to 2,000 µg/mL) 

as a standard. The absorption of the purified 

proteins was measured at 562 nm (Ningrum et 

al., 2015). 

 

Characterization of rhIFN-α2a. Polyacryl-

amide gel (Bio-Rad, USA) containing 

separating gel (15 %) and stacking gel (4 %) 

was used in SDS-PAGE analysis. After 

electrophoresis, the protein bands were 

visualized according to standard procedures by 

staining with coomassie brilliant blue G250 

(Bio-Rad, USA). For western blotting, the gels 

were transferred into nitrocellulose membrane 

by electroblotting. Immuno-detection was 

achieved using anti-human IFNα monoclonal 

antibody (Merck 407290-500 UGCN, 

Germany) as primary antibody followed by the 

anti-mouse IgG alkaline phosphatase 

conjugate (Promega, USA) as secondary 

antibody. The membrane was stained with 

NBT/BCIP solution (Invitrogen, USA). 

 

 

Results  
 

Construction and Cloning of rhIFN-α2a 

ORF in E. coli.  

In this work, the gene was constructed 

without any fusion of protein tags attached to 

protein of interest. The cDNA fragment 

encoding human IFNα-2a gene was ligated 

between the Xho1 and Xba1 sites of shuttle 

vector pPICZαB as shown in Figure 1. 

 

 

Transformation, Screening and Expression 

of rhIFN-α2a in P. pastoris.  
Positive clones were determined by 

antibiotic selection. The transformation 

resulted in 11 positive clones with 3 clones 

were furtherly characterized. Restriction 

enzyme analysis (double digestion with XhoI 

& XbaI) confirmed that the recombinant 

plasmids contained two fragments which were 

about 534 bp (hifnα-2a) and 3,600 bp 

(pPICZαB) (Figure 2 lane 4, 6 and 8). The 

DNA sequencing was conducted to confirm 

the correct sequence of ORF in recombinant 

plasmids (data not shown). The results show 

that the hifnα-2a gene was inserted correctly 

into the P. pastoris expression vector 

pPICZαB. 
 

 
Figure 1. Schematic Mapping of the recombinant 

expression vector pPICZαB/hifnα-2a. The hifnα-2a 

gene was subcloned into pPICZαB using Xho1 and 

Xba1 sites. 
 

 
Figure 2. The recombinant plasmid pPICZαB 

containing hifnα-2a gene, lane 1: 1 kb DNA 

Ladder; lane 2: undigested recombinant pPICZαB; 

lane 4, 6, 8: digested recombinant pPICZαB by 

Xho1 and Xba1. 
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We used GS115 (his4) expression host to 

be grown with the presence of methanol for 

the wild-type rate (methanol utilization plus 

/Mut+) phenotype. Therefore, previous 

recombinant plasmid was linearized by Sac1 

restriction enzyme before transformation into 

GS115 cells (Figure 3). 

 

Characterization and Purification of 

hIFNα-2a.  
Characterization of protein was performed 

based on its molecular weight and identity. 

Molecular weight analysis shows a correct 

protein size as expected (19 kDa) and was 

recognized by anti-interferon antibodies in 

immunodetection analysis (Figure 4). This 

result strongly indicates that the ORF 

encoding interferon protein had been 

successfully expressed in P. pastoris strain 

GS115. Because clone number 1 had higher 

expression level than clone number 2, thus it 

was chosen for overproduction and 

purification of hIFNα-2a protein 

Protein purification was carried out based 

on affinity chromatography using blue 

sepharose. The results showed that the purified 

rhIFNα-2a produced in the P. pastoris yeast 

was represented as single band on SDS PAGE 

and gave positive result on immunodetection 

analysis (Figure 5). The protein quantification 

informed that the yield of our purified rhIFNα-

2a was 44 mg/L (at OD600 = 2.4). This result is 

higher than bacteria expression system (16 

mg/L) conducted by Bis et al. (2014), however 

lower than protein expression study done by 

Kim et al. (2002).  

 

 
Figure 3. Linearized recombinant pPICZαB-

hIFNα2a (lane 4); Lane 2: undigested; lane 1: DNA 

Ladder 1 kb 

 

                A 

 

                 B 

Figure 4. Characterization of rhIFNα2a, 1 = clone 

number 1 and 2 = clone number 2, A. Protein 

identification analysis by immunodetection on 

Western Blot, B. Molecular weight characterization 

by SDS PAGE 

 

           A B 

Figure 5. Purified rhIFNα-2a protein characte-

rization using (A) Western blot and (B) SDS PAGE 
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Discussion 

 
Construction and Cloning of rhIFN-α2a 

ORF in E. coli.  

The expression vector contains tigthly 

regulated AOX1 promoter that strongly 

repressed by glucose, glyserol or ethanol. It 

also contains α-factor matting signal sequence 

that involve in protein secretion. The 

processing of α-factor matting signal sequence 

in pre fusion protein is performed by KEX2 

and STE13 gene products. KEX2 cleavage 

occurs between arginine and glutamine in the 

sequence Glu-Lys-Arg-Glu-Ala-Glu-Ala. The 

GluAla repeats are furtherly cleavaged by 

STE13. We fused the ORF with KEX2 

cleavage site to obtain N native terminus 

hIFNα2a. 

 

Transformation, Screening and Ex-pression 

of rhIFN-α2a in P. pastoris. 

Linear vector DNAs are able to generate 

stable transformants of P. pastoris due to 

homologous recombination between 

homologous sequences in the vector and host 

genome. The homologous recombination as 

single cross-over events is more frequently 

happened in P. pastoris. The insertion event at 

AOX1 of GS115 loci arises from single 

crossover between the loci and AOXI region in 

pPICZαB vector (Cregg et al., 1985).  

Working stage of protein production using 

Mut
+
 strain GS115 occurs in two phases. 

Firstly, the use of glycerol to obtain a certain 

amount of biomass with high cell density and 

secondly, is the reduction of glycerol and 

methanol used for recombinant protein 

biosynthesis (Brierley et al., 1990 in Celik et 

al., 2009). The AOX1 gene is responsible for 

most of the alcohol oxidase activities in the 

cells. As a result, GS115 is very responsive at 

medium containing methanol. The regulation 

of the AOX1gene is similar to the mechanism 

of the GAL1gene of S. cerevisiae. GAL1 

covers two mechanisms, a repression/ 

derepression and induction. However, unlike 

GAL1 regulation, derepressing conditions of 

AOX1 gene do not result in substantial 

transcription. The presence of methanol is very 

essential to induce high levels of transcription 

(Tschopp et al., 1987). Previous publication 

reported that P. pastoris was managed to 

tolerate methanol concentration from 0.3 to 3 

% (Khatri & Hoffman, 2005). In this study, we 

used methanol 0.5 % to induce expression for 

48 hours incubation time (Herawati et al., 

2014). 

The pPICZαB vector was constructed with 

gene resistance to zeocin
™ 

(Invitrogen). Linear 

recombinant plasmids which had been 

electroporated, directly selected on YPDS 

plates supplemented with 100 µg/mL zeocin
™

. 

In this study, two single colonies were grown 

on this selection media. Zeocin can be used for 

transformants selection and screening of high-

copy strains by rising its concentration. The 

two colonies were grown on YPDS containing 

500, 1000 and 2000 µg/mL zeocin, and after 3 

days of incubation time, the colonies grew 

appropriately (data not shown). 

 

Characterization and Purification of 

hIFNα-2a. 

Affinity chromatography was done using 

blue sepharose to purify the protein, this 

method resulted in a single band that strongly 

indicated that rhIFN-α2a with no affinity tag 

was successfully purified. Protein amino acid 

sequence identification will be conducted to 

confirm our purified protein of interest. 

 

 

Conclusion 
 

In conclusion, we have achieved high level 

expression of human IFNα-2a in the 

recombinant yeast P. pastoris. The 

characterization of protein had also been 

confirmed by SDS-PAGE and Western blot 

analyses. The absence of fusion tag of rhIFNα-

2a was prepared as compliance regulation for 

biosimilar products, since the originator 

product of this protein has no affinity tag. 
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