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摘  要 : IFN-λ1 是Ⅲ型干扰素家族的一个成员，具有与Ⅰ型干扰素相似的功能。此前，我们已经从毕赤酵母表达

获得了可溶性重组人干扰素-λ1。然而，毕赤酵母表达中的高糖基化带来了免疫原性，影响了蛋白质的生产纯化

效率。为了克服这个缺点，文中构建了一种干扰素突变体 (rhIFN-λ1-Nm)，定点突变潜在糖基化位点。AOX1 启

动子与 α 因子信号序列存在的情况下，用甲醇诱导成功地实现了 rhIFN-λ1-Nm 在毕赤酵母 GS115 胞外分泌表达。

对 rhIFN-λ1-Nm 进行纯化，获得了纯度>98%的产品，并对糖化水平、分子量、二级结构、N 末端序列等理化性

质和生物活性进行了研究。研究结果表明，rhIFN-λ1-Nm 糖基化水平明显降低，蛋白质生产纯化收率显著提高，

而对结构和生物活性无影响；糖基化位点突变 rhIFN-λ1 可以被开发为 IFN-λ1 的替代品，有望发展成为未来的生

物免疫制剂。 

关键词 : 人干扰素-λ1，N-糖基化突变，毕赤酵母 

 

 

 

·生物技术与方法·



 
ISSN 1000-3061  CN 11-1998/Q  生物工程学报  Chin J Biotech 

 
 

 

http://journals.im.ac.cn/cjbcn 

614 

Expression, purification and characterization of 
N-glycosylation mutant human IFN-λ1 in Pichia pastoris 
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Abstract:  IFN-λ1 is a member of a new family of interferons called type Ⅲ IFNs with similar functions to type ⅠIFNs. 

Previously we obtained recombinant soluble human rhIFN-λ1 from Pichia pastoris. However, the hyper-glycosylation from P. 

pastoris brings immunogenicity and low purification recovery rate. To overcome this disadvantage, in this study, we 

constructed an rhIFN-λ1 mutant (rhIFN-λ1-Nm) devoid of the potential N-glycosylation sites by site-directed mutagenesis. 

rhIFN-λ1-Nm was successfully expressed and secreted extracellularly in P. pastoris (GS115) using methanol inducible AOX1 

promoter with α-mating factor signal sequence. rhIFN-λ1-Nm was purified and characterized. There was no significant 

difference between rhIFN-λ1-Nm and rhIFN-λ1 in structure and bioactivity. The molecular weight was low after 

N-glycosylation mutation whereas the glycosylation was much lower. The mutational rhIFN-λ1 (rhIFN-λ1-Nm) could 

legitimately be developed as substitutes for rhIFN-λ1, and thus it may be developed into a more promising therapeutic reagent 

in the future. 

Keywords:  human IFN-λ1, N-glycosylation, Pichia pastoris  

Introduction 

IFN-λ1, also known as interleukin-29 (IL-29), 
is a member of a new family of interferons called 
type Ⅲ IFNs, which have similar functions to typeⅠ

IFNs, IFN-α and IFN-β. IFN-λ1 interacts with a 
heterodimeric IFN-λ1 receptor complex composed 
of a unique IFN-λR1 chain and the IL-10R2 
chain[1-2]. IFN-λ1 and typeⅠIFNs bind to unrelated 

functional receptors, but they share the same signal 
transduction pathway (Janus kinase/signal 
transducer and activator of transcription and 
JAK-STAT), and activate the transcription of a 
similar set of effectors. IFN-λ1 activates 
IFN-stimulated response elements (ISRE) and 
mediates a number of biological effects, including 
inhibition of viral replication, cellular growth 
inhibition, and immunoregulatory[2-6]. rhIFN-λ1 has 
been developed as biopharmaceutical regent for 
hepatitis C virus therapy. Results from a phase 1b 
study of PEG-IFN-λ1 treatment of patients with 
chronic HCV infection showed that PEG-IFN-λ1 is 
safe, effective, and has fewer side effects compared 
with PEG-IFN-α2a[7-8]. 

P. pastoris glycosylate foreign proteins at 

N-linked glycosylation sites, although to lesser 
extent than in mammalian cells[9-13]. It is known that 
the high-mannose type glycosylation can change the 
protein structure, influence the protein characteristics 
and functions, and bring immunogenicity[14]. In 
human body, the high-mannose type 
oligosaccharide chains bind mannose receptor, 
leading to poor pharmacokinetic properties and 
immune response[15-16], and these effects limit the 
applications of P. pastoris expression system in 
producing recombinant proteins. Therefore, many 
studies have focused on the humanization of P. 
pastoris N-glycosylated protein, in the hope of 
generating human-like oligosaccharide chain 
structure. However, no significant progress 
achieved to date. So far, the main method to avoid 
hyper-glycosylation is site-directed mutations of 
N-glycosylation sites of recombinant proteins. 

IFN-λ1 contains a potential N-linked 
(Asn-X-Ser/Thr) glycosylation sites at Asn46 
(NWS, Fig. 1), and expressed hyper-glycosylated 
IFN-λ1 (HG-IFN-λ1) and low-glycosylated IFN-λ1 
(LG-IFN-λ) in P. pastoris[17]. To reduce 
immunogenicity and increase the expression and 
purification efficiency of recombinant proteins,  we 



 
 

惠希武 等/N-糖基化位点突变的人 IFN-λ1 在毕赤酵母中的表达、纯化及表征 
 

 

☏：010-64807509 ：cjb@im.ac.cn 

615

 

 
 

图 1  人 IFN-λ1 的核苷酸及氨基酸序列 (方框内为潜在 N-糖基化位点 (NWS)；下划线为信号肽；核苷酸及氨基

酸序列均来自 NCBI；核苷酸及氨基酸序列号分别为 NM_172140.1；NP_742152.1) 

Fig. 1  The nucleotide and amino acid sequence of human IFN-λ1. The potential N-glycosylation site(NWS) show in 
box, and the signal peptide is underlined prior to the mature protein sequence in bold. The nucleotide and amino acid 
sequence were both from NCBI. The number of nucleotide and amino acid sequence are NM_172140.1 and 
NP_742152.1 separately. 

 
used N-glycosylation site-directed mutagenesis 
approach to express mutant IFN-λ1 in P. pastoris. 
Here we described the construction of P. pastoris 
strains capable of secreting biologically active 
mutant IFN-λ1, rhIFN-λ1-Nm, and the expression, 
purification, physicochemical properties characterization 
and biological activity analysis of mutant rhIFN-λ1. 
Our results indicated that the mutant rhIFN-λ1 
could be legitimate substitutes for IFN-λ1 in 
developing into a more promising therapeutic 
reagent. 

1  Materials and methods 

1.1  Escherichia coli, yeast strains and cell 
culture 

E. coli DH5α (New England Biolabs) was used 
to construct the recombinant plasmids. Yeast P. 
pastoris GS115 (his4) (Invitrogen) was used as a 
host strain for expressing rhIFN-λ1 and 
rhIFN-λ1-Nm. 

The human embryonic kidney cells, HEK293 cells 
were cultured in DMEM medium supplemented with 
10% FBS (heat-inactivated fetal bovine serum) in 
presence of 100 U/mL penicillin and 0.1 mg/mL 
streptomycin maintained at 37 ,℃  5% CO2 incubator. 
The human hepatocellular cancer cell lines HepG2 and 
Hep3b were maintained in MEM medium 

supplemented with 10% FBS, 100 U/mL penicillin 
and 0.1 mg/mL streptomycin maintained at 37 ,℃  
5% CO2 incubator. Cells were transfected with 
transfection reagents (Vigorous) according to the 
manufacturer’s protocol. 

1.2  Construction of multicopies N-glycosylation 
mutant expression plasmid 

IFN-λ1 mutated at Asn-46(IFN-λ1-Nm) was 
generated by overlapping PCR with Pfu-DNA 
polymerase using pAO-1×IFNλ1 as template. A 
first round of PCR were performed respectively 
with primers, α Factor-F and IFN-λ1-Nm-R or 
IFN-λ1-Nm-F and IFN-λ1-R1, for 5 cycles of 94 ℃ 
for 1 min, 48 ℃ for 1 min, and 72 ℃ for 1 min, 
followed by 25 cycles of 94 ℃ for 40 s, 55 ℃ for 
40 s, and 72 ℃ for 1 min. Both reaction products, 
which contain codon CAA encoding Gln instead of 
AAC for Aln, were mixed together, and then 
re-amplified with primers α Factor-F and 
IFN-λ1-R1. Thus, the DNA fragment of α 
Factor-IFN-λ1-Nm was obtained. The sequences of 
the primers used in this study are shown in Table 1. 

The α Factor-IFN-λ1-Nm fragment was 

digested with EcoR Ⅰ and cloned into plasmid 

pAO815 (Invitrogen) (Fig. 2A) at the unique EcoRⅠ

site. After proving the correct insertion orientation 
of α Factor-IFN-λ1-Nm in pAO815,  the  plasmid  
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表 1  α Factor-IFN-λ1-Nm PCR 用引物列表 

Table 1  List of primers used for PCR of α Factor- 
IFN-λ1-Nm 

Primer name Sequences (5′–3′) 

α Factor-F 
GGAATTCACCATGAGATTTCCTTCA
ATTTTT 

IFN-λ1-Nm-R TGCAACTCCATTGTTTCAGCTTG  

IFN-λ1-Nm-F CAAGCTGAAACAATGGAGTTGCA 

IFN-λ1-R1 
CGGAATTCGTGGGGTGTCAGGTGG
ACTCAG 

 
pAO-1×IFN-λ1-Nm was used as a source of 
IFN-λ1-Nm expression cassette (5′AOX1-α 
Factor-IFN-λ1-Nm-3′AOX1TT) for further cloning. 
IFN-λ1-Nm expression cassette was released by 

digestion of BglⅡ and BamHⅠ. To achieve two 

tandem copies of the IFN-λ1-Nm expression 
cassette in a vector, pAO-1×IFN-λ1-Nm was 

linearized at the unique BamHⅠ site which lies 

immediately downstream of the 3′AOX1TT. 
Insertion of the second expression cassette in 

correct orientation involved a Bgl Ⅱ /BamH Ⅰ

cohesive end ligation, thereby retained a unique Bgl Ⅱ 

site at the 5′ end of the promoter for the first 

cassette and a single BamHⅠsite at the 3′ end of the 

terminator for the second cassette in pAO- 
2×IFN-λ1-Nm. Similarly, pAO-6×IFN-λ1-Nm was 
constructed by ligating a 2×IFN-λ1-Nm cassette to 

pAO-4×IFN-λ1-Nm at the unique BamHⅠsite (Fig. 

2B). 

1.3  Expression and purification of rhIFN-λ1- 
Nm in P. pastoris  

The pAO-6×IFN-λ1-Nm expression plasmid 

described above (10 μg) was linearized with SalⅠ 

restriction enzyme and used to transform P. pastoris 
strains GS115 by electroporation using a Gene 

Pulser Ⅱ  (Bio-Rad) (0.2 cm cuvette, 1.8 kV,   

25 μF, 200 Ω). P. pastoris cells were spreaded on 
minimal dextrose(MD) plate and incubated for  
4–6 d at 30 .℃  His+ transformants (GS115/ 
IFN-λ1-Nm) were then simultaneously patched both 
on a minimal methanol (MM) plate and a MD plate 
to screen Mut+ or Muts phenotype. To induce 
expression of rhIFN-λ1-Nm, the Mut+ clones were 

grown in 10 mL BMG medium at 30 ℃ in shaking 
tubes. After 48 h of cultivation, the yeast cells were 
spun down, resuspended in 5 mL of BMMY 
medium to an OD600 of 2.5–5 and incubated at 30 ℃ 
with shaking[18]. Methanol was added every 24 h at 
1% (V/V).  

The supernatants of GS115/IFN-λ1-Nm 
cultures were diluted with 5 volumes of 50 mmol/L 
sodium phosphate, pH 7.0. The rhIFN-λ1-Nm was 
eluted from the column with a linear gradient to  
50 mmol/L sodium phosphate, 1 mol/L NaCl, pH 
7.0. rhIFN-λ1-Nm proteins were further separated on 
a size exclusion chromatography (SEC)- Superdex 
75 prepacked column (1.25 cm×60 cm, GE) with  
20 mmol/L sodium phosphate, 0.15 mol/L NaCl, pH 
7.2. 

1.4  Coomassie brilliant blue staining, PAS 
staining and Western blotting 

Secreted rhIFN-λ1-Nm in the media was 
evaluated by SDS-PAGE using 15% gel and 
visualized by Coomassie brilliant blue staining or 
Periodic Acid-Schiff (PAS) staining. rhIFN-λ1-Nm 
was further identified by Western blotting with a 
polyclonal antibody against human IFN-λ1 (R&D 
Systems). PAS staining of glycosylated protein was 
performed as described previously[19]. Briefly, the 
gels were fixed in 25% isopropyl alcohol/10% 
acetic acid, overnight; and then in 10% isopropyl 
alcohol/10% acetic acid, 2 h; 0.5% periodic acid,  
2 h; 0.5% sodium arsenate/5% acetic acid, 30–60 
min; 0.1% sodium arsenate/5% acetic acid, 20 min, 
repeated twice; acetic acid, 10–20 min. The gels 
were then stained by one hundred milliliter Schiff 
reagent overnight, followed by 0.1% sodium 
metabisulfite/0.01 mol/L HCl for several hours, and 
repeated until the rinse solution failed to turn pink. 

1.5  Analytical methods 
1.5.1  N-terminal sequencing 

The proteins were concentrated and separated 
by SDS-PAGE as above, and then electro- 
transferred onto PVDF membrane in 10 mmol/L 
Caps/10% methanol, with 200 mA for 2 h at 4 ℃. 
After staining with 0.1% Coomassie brilliant blue 
R-250/50% methanol, the membrane was distained 
with 50% methanol/10% acetic acid and washed 
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adequately with distilled water. The corresponding 
bands were analyzed by automated Edman 
degradation using a PPSQ-33A (SHIMADZU). 
1.5.2  MALDI-TOF mass spectrometry analysis  

MALDI-TOF-MS spectra were performed on a 
reflex time of flight instrument (5800 plus 
MALDI-TOF/TOF, Ab Sciex, Massachusetts, USA) 
equipped with a scout ion source operating in 
positive linear mode. Ions generated by a pulsed UV 
laser beam (nitrogen laser, λ 337 nm) were 
accelerated to 25 kV. A saturated solution of 
sinapinic acid in water/ACN (1:1) was used as 
matrix and mixed with the samples dissolved in 
0.1% TFA aqueous solution at a V/V ratio of 1:1.  
1.5.3  Circular dichrosim analysis  

Circular dichroism (CD) analysis were 
performed with A J-810 spectropolarimetry (Jasco, 
Easton, MD, USA) and in 0.1 cm patch length 
quartz cells at 20 .℃  The analysis was carried out 
using 0.1 mg/mL protein in 10 mmol/L NaAC. Both 
near and far UV spectra (in the range 195–250 nm 
and 250–330 nm respectively, with a data pitch of 
0.1 nm) were recorded by averaging five individual 
scans. The distribution of main secondary structures 
was calculated according to a described unsupervised 
learning neural network method[20].  

1.6  Biological activity of rhIFN-λ1-Nm   
1.6.1  Activity detection used dual-luciferase 
reporter gene assay (RGA)  

2×105 HEK293 cells per well were plated in 
6-well plate and transfected with pISRE-luc (5 μg) 
and pRL-SV40 (0.1 μg) plasmids. At 24 h after 
transfection, cells were stimulated with rhIFN-λ1 
for 16 h. Cells were harvested and lysed using 
Promega 1×passive lysis buffer. Relative 
ISRE-Luciferase activity was measured using the 
dual luciferase reporter assay system (Promega). 
The mixture of cell lysates and buffer was tested on 
a SPECTRA MAX XPS (Molecular Devices). 
1.6.2 Expression of HLA-ABC induced by 
rhIFN-λ1-Nm   

5×105 HepG2 and Hep3B cells per well were 
plated in 6-well plate and stimulated with rhIFN-λ1 
in DMEM containing 0.5% FBS for 72 h, 
respectively. After treated with trypsin and 

percussion into a single cell suspension, and washed 
twice with PBS, the HepG2 and Hep3B cells were 
stained with fluorescein isothiocyanate (FITC)- 
conjugated anti-HLA-A, B, C antibody (BD 
Biosciences, San Jose, CA, USA). The fluorescence 
intensity was analyzed with a BD Accuri C6 Flow 
Cytometer (BD Biosciences). 

1.7  Statistical analysis 
The data were analyzed by SPSS software. 

Results were expressed as x s  standard 

deviations and the differences were considered 
significant as P<0.05. 

2  Result 

2.1  Construction of plasmid pAO-6×IFNλ1-Nm 
and P. pastoris recombinant strains 

The N-glycosylation site mutagenesis of 
human IFN-λ1 at Asn46Gln was described as 
“rhIFN-λ1-Nm”. As described above, DNA 
fragment α F-IFN-λ1-Nm containing the correct 
sequence of N-glycosylation site mutant was 
successfully cloned into plasmid pAO815, a 
plasmid for generating multicopies expression 

cassettes in vitro. It will remain two BglⅡsites and 

one BamHⅠ site in every recombinant plasmid if 

expression cassettes are ligated in correct 
orientation. This makes it feasible to identify the 

number of gene expression cassette by BglⅡ and 

BamHⅠdouble digestion (Fig. 2C). The section of 

~2.1 kb between the restriction sites of BglⅡ and 

BamHⅠis the expression cassette consisting of the 

AOX1 promoter (5′AOX1) and the gene of α F- 
IFN-λ1-Nm followed by AOX1 transcription 
termination (TT). Via a series of cloning procedure, 
pAO815-6×IFN-λ1-Nm containing six copies of 
IFN-λ1-Nm expression cassette was successfully 
constructed in vitro (Fig. 2C). The expression 
cassettes were integrated at the His4 or AOX1 locus 
of GS115 genome by homologous integration, 
giving rise to recombinant strains GS115/IFN- 

λ1-Nm. Plasmids linearized with SalⅠ  favored 

their insertion at His4 to generate His+Mut+ 
phenotype.  
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图 2  表达质粒 pAO-n×IFN-λ1-Nm 的构建. (A) 表达载体 pAO815 图谱. (B) 1×, 2×, 4×, and 6×IFN-λ1-Nm 表达质

粒构建图. (C) 质粒酶切电泳图. M: λDNA/Hind Ⅲ分子量标准：23 kb，9.4 kb，6.5 kb，4.3 kb，2.3 kb，2.0 

kb；1: pAO-IFN-λ1-Nm；2: pAO-2×IFN-λ1-Nm；3: pAO-4×IFN-λ1-Nm；4: pAO-6× IFN-λ1-Nm 的 BglⅡ和

BamHⅠ双酶切图谱，箭头指示不同拷贝数表达盒.  

Fig. 2  Construction of plasmid pAO-n×IFN-λ1-Nm. (A) Integration and intracellular expression vector pAO815. (B) 
Sketch map of the IFN-λ1-Nm expression cassette contained in the 1×, 2×, 4×, and 6×IFN-λ1-Nm expression plasmids. 

(C) Plasmid digested with different restriction enzyme. M: λDNA/Hind Ⅲ and their bp (base pairs) numbers are: 23 

kb, 9.4 kb, 6.5 kb, 4.3 kb, 2.3 kb, 2.0 kb; 1: pAO-IFN-λ1-Nm; 2: pAO-2×IFN-λ1-Nm; 3: pAO-4×IFN-λ1-Nm; 4: 

pAO-6× IFN-λ1-Nm digested with BglⅡ and BamHⅠ. Arrows showed different copies of expression cassette.  

 
2.2  Expression and purification of rhIFNλ1- 
Nm in P. pastoris 

Small-scale cultures of the His+ Mut+ clones were 
subjected to methanol induction to identify clones 
capable of secreted rhIFN-λ1-Nm. At different time 

points (24 h, 48 h, 72 h, 96 h) after methanol 
induction, the medium supernatants were harvested, 
and expression products were visualized by 

SDS-PAGE. Compared with rhIFN-1, only one 
major protein band at 21 kDa was showed in the 



 
 

惠希武 等/N-糖基化位点突变的人 IFN-λ1 在毕赤酵母中的表达、纯化及表征 
 

 

☏：010-64807509 ：cjb@im.ac.cn 

619

supernatant of rhIFN--Nm by Coomassie brilliant blue 
staining, Western blotting and PAS staining (Fig. 3C). 
After N-glycosylation site mutagenesis, the 35 kDa 

protein band appeared in the sample of rhIFN-1 was 

not detected in the product of rhIFN-1-Nm, 

indicating the absence of hyper-glycosylation IFN-1.  

 
 

      

       

   

 
图 3  毕赤酵母表达 rhIFN-λ1 和 rhIFN-λ1-Nm 的纯化及 SDS-PAGE 鉴定. (A) rhIFN-λ1 的 SPFF 及 Superdex 75

层析图谱；圆圈标出为 HG-IFN-λ1，箭头指示 IFN-λ1. (B) rhIFN-λ1-Nm 的 SPFF 及 Superdex 75 层析图谱；箭

头指示 IFN-λ1，无 HG-IFN-λ1. (C) rhIFN-λ1 及 rhIFN-λ1-Nm 考马斯亮蓝染色，Western boltting 及 PAS 糖染色

分析. M: 蛋白分子量标准 86, 43, 34, 26, 19 kDa；1,2: rhIFN-λ1 及 rhIFN-λ1-Nm 表达上清；3,4: SPFF 洗脱峰；

5,6: SEC 洗脱峰. 

Fig. 3  Purification and SDS-PAGE determination of rhIFN-λ1 and rhIFN-λ1-Nm expressed in Pichia pastoris. (A) 
SPFF and Superdex 75 chromatography of rhIFN-λ1; the peak of HG-IFN-λ1 with a circle around it and the arrow 
shows IFN-λ1. (B) SPFF and Superdex 75 chromatography of rhIFN-λ1-Nm. The arrow shows IFN-λ1-Nm, and there is 
no HG-IFN-λ1 peak. (C) Coomassie brilliant blue staining, Western blotting and PAS staining analysis of rhIFN-λ1 and 
rhIFN-λ1-Nm after expression and purification. M: the standard proteins and their sizes were 86, 43, 34, 26, 19 kDa; 
1,2: the induced culture medium supernatant of rhIFN-λ1 and rhIFN-λ1-Nm; 3,4: the elution fraction of SPFF after 
loading culture medium supernatant; 5,6: the protein eluted with the SEC after SPFF chromatography. 
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The fermentation supernatant of GS115/IFN- 

1-Nm or GS115/IFN-λ1 fermentation was purified 
by a two-step process. Cation exchange 
chromatography was a crucial step to remove the 
most of the HG-IFN-λ1 of the fermentation 
supernatant of GS115/IFN-λ1 and native secreted 
proteins of P. pastoris. The crudely purified 
proteins were further purified on a Superdex 75 size 
exclusion column. Coomassie brilliant blue 
staining, PAS staining and Western blotting showed 
that both rhIFN-λ1-Nm and rhIFN-λ1 was eluted 
with a purity of >98% (Fig. 3C). But we have to 
give up the purified rhIFN-λ1 because it is hard to 
separate the HG-IFN-λ1 from the LG-IFN-λ1 
completely (Fig. 3A and 3B), and this led to 
reduced purification recovery efficiency. Therefore, 

we turned to the purification of rhIFN-1-Nm.  

2.3  Characterization of rhIFN-λ1-Nm  
MALDI-TOF-MS, N-terminal amino acid 

sequence analyzer and circular dichroism were 
used to analyze the molecular weight, N-terminal 
amino acid sequence and secondary structure of 
N-glycosylation mutant recombinant protein to 
detect possible changes. The MS reported in   
Fig. 4A shows the major signal with mass value of 
molecular weight 20 789.95 Da, which is 
consistent with the theoretical Mw of rhIFN-λ1. 
The other two signals with mass of 10 438.54 and 
41 468.08 Da correspond to the doubly-charged 
IFN-λ1 and a dimeric of IFN-λ1, respectively. As 
showed in Fig. 4B, N-terminal amino acid 
sequence of the protein is G-P-V-P-T-, which is 
consistent with rhIFN-λ1. The circular dichroism 
spectrum result showed that there is no 
significantly difference of secondary structure 
before and after the mutation. Both of them have a 
predominantly α-helical structure with two 
characteristic strong negative shoulder peaks at 
208 nm and 222 nm as revealed by the far UV-CD 
spectrum shown in Fig. 4C. Together, these results 
suggest that N-glycosylation site mutation does not 
affect the second structure of rhIFN-λ1. 

2.4  Biological activity of rhIFN-λ1-Nm 
To determine whether the mutant N-glycosylation 

site of IFN-1 could influence the biological 
activity of rhIFN-λ1, a pISRE luciferase reporter 
assay was used to assess the transactivation of 
ISRE-modulated gene. HEK293 cells were 
co-transfected with both of the plasmids pISRE-Luc 
and pRL-SV40, and then stimulated with purified 

rhIFN-1 or rhIFN-1-Nm. As shown in Fig. 5A, 

cells stimulated with rhIFN-1-Nm induced 5-fold 
higher luciferase activity of ISRE than media alone, 

which is similar to standard IFN-1[2], and there 
was no significant difference compared with 
rhIFN-λ1. 

To further detect the bioactivity of rhIFN- 
λ1-Nm, we examined whether rhIFN-λ1-Nm could 
increase the expression of MHC I. The major 
histocompatibility complex (MHC) is a set of cell 
surface molecules encoded by a large gene family in 
all vertebrates. MHC is not only involved in 
transplant rejection and T cell differentiation and 
development, but also plays an important role in 
regulating the immune start-up and immune 
response. Interferon can improve the expression 
level of MHC I molecules in cell surface, leading to 
enhanced killing effect of cytotoxic T cells to target 
cells; increase the cracking potential of NK cells, 
and finally activate the effective antiviral and 
antitumor immune response. After stimulation of 
rhIFN-λ1 and rhIFN-λ1-Nm, the expressions of 
HLA-ABC in HepG2 and Hep3B cell surface were 
significantly unregulated, and no noticeable 
difference was observed between rhIFN-λ1 and 

rhIFN-1-Nm (Fig. 5B). 

3  Conclusion 

We recently purified recombinant human 
IFN-λ1 (rhIFN-λ1) in a soluble form from P. 
pastoris. However, the N-glycosylation site in 
IFN-λ1 at Asn46 (NWS), bring immunogenicity 
and affects the purification efficiency. In this 
study, we successfully generated and expressed 
the mutant IFN-λ1-Nm, which contains the 
Asn46Gln mutation, in P. pastoris. A higher yield 
of pure protein of mutant IFN-λ1 was obtained in 
flask culture as compared with rhIFN-λ1. Our results 
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图 4  rhIFN-λ1-Nm 表征结果 (A：MALDI-TOF-MS 检测 rhIFN-λ1-Nm 分子量大小；B：rhIFN-λ1-Nm 圆二色

谱结；C：rhIFN-λ1-Nm N 末端测序结果) 

Fig. 4  The characteristics of rhIFN-λ1-Nm. (A) The molecular weight of rhIFN-λ1-Nm detected by MALDI-TOF-MS. 
(B) Circular dichroism spectra of rhIFN-λ1-Nm. (C) N-terminal sequence of rhIFN-λ1-Nm. 
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图 5  rhIFN-λ1 及 rhIFN-λ1-Nm 的生物学活性检测 (A： 用 100 ng/mL 的 rhIFN-λ1 及 rhIFN-λ1-Nm 处理 ISRE

荧光素酶报告基因质粒转染的 HEK 293 细胞，检测相对荧光素酶活性；B：肝细胞中 MHCⅠ分子表达的流式细

胞仪分析) 

Fig. 5  Bioactivity of rhIFN-λ1 and rhIFN-λ1-Nm. (A) HEK 293 cells were transfected with an ISRE reporter gene 
plasmid and luciferase activity was analyzed after treatment with 100 ng/mL rhIFN-λ1 and rhIFN-λ1-Nm. Relative 
luciferase activity was determined by dividing the relative light unit (RLU) value of each experimental sample by the 

RLU value of medium alone. Values are means sd (n=3). (B) Flow cytometric analysis of MHC classⅠmolecule 

expression in hepatic cells. IFN-λs-treated or untreated cells were stained with anti-HLA antibody. 

 
showed that there is no highly glycosylated portion 
in the rhIFN-λ1-Nm preparation, and the 
oligosaccharide content of the mutant IFN-λ1 is 
significantly reduced as compared with the 
rhIFN-λ1. After purified by SPFF and Superdex 75 
chromatography, we obtained >98% pure 
recombinant mutant protein that had high  
recovery rate. The MALDI-TOF mass spectrometry, 
N-terminal amino acid sequencing and CD spectrum 
analysis showed that both purified rhIFN-λ1-Nm 
and rhIFN-λ1 have standard molecule weight, the 
same N-terminal amino acid sequence, and the 
similar second structure. These results indicate that 
the N-glycosylation mutation does not affect the 
physicochemical properties of IFN-λ1.  

It is important to establish a method to 
determine the biological activity of the recombinant 
protein in the pharmaceutical quality control. The 
potency of IFN has been determined traditionally by 
the antiviral assay (AVA)[21-22], in which the 
activity of IFN is measured based on its inhibitory 
effects on viral replication. However, AVA is 
inherently disadvantageous because of higher assay 
variations, the requirement for working with virus 
in Biosafety level-2 (BSL-2) laboratories, and the 
need to titrate the virus[23-26]. It is highly desirable 
to establish new bioassay methods. Here we used a 
RGA based on ISRE-driven luciferase activity 
measurement[22,27] to detect the activity of rhIFN-λ1 
and rhIFN-λ1-Nm. And, also we examined whether 
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rhIFN-λ1-Nm could increase the expression of 
MHC I to detect the immunoregulatory activity of 
IFN-λs. Both results indicated that there is no 
significant difference between rhIFN-λ1 and 
rhIFN-λ1-Nm in bioactivity. 

In conclusion, we have shown that elimination 
of the N-glycosylation sites in human IFN-λ has no 
effect on characteristics or bioactivity in IFN-λ1 
proteins. Therefore, the mutation legitimately 
substitutes for wild-type in developing into a more 
promising therapeutic reagent in the future, that 
reduced immunogenicity and improved efficiency 
of rhIFN-λ1 purification from P. pastoris.  
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