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Abstract: IFN-A1 is a member of a new family of interferons called type III IFNs with similar functions to type 1 IFNs.
Previously we obtained recombinant soluble human rhiFN-A1 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-A1 mutant (rhIFN-A1-Nm) devoid of the potential N-glycosylation sites by site-directed mutagenesis.
rhIFN-A1-Nm was successfully expressed and secreted extracellularly in P. pastoris (GS115) using methanol inducible AOX1
promoter with a-mating factor signal sequence. rhIFN-A1-Nm was purified and characterized. There was no significant
difference between rhIFN-A1-Nm and rhIFN-A1 in structure and bioactivity. The molecular weight was low after
N-glycosylation mutation whereas the glycosylation was much lower. The mutational rhIFN-A1 (rhIFN-A1-Nm) could
legitimately be developed as substitutes for rhIFN-A1, and thus it may be developed into a more promising therapeutic reagent
in the future.

Keywords: human IFN-A1, N-glycosylation, Pichia pastoris

I ntroduction

IFN-L1, 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 type [
IFNs, IFN-a and IFN-B. IFN-A1 interacts with a
heterodimeric IFN-A1 receptor complex composed
of a unique IFN-AR1 chain and the IL-10R2
chain™?. IFN-A1 and type I IFNs 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-A1 activates
IFN-stimulated response elements (ISRE) and
mediates a number of biological effects, including
inhibition of viral replication, cellular growth
inhibition, and immunoregulatory!®®. rhIFN-11 has
been developed as biopharmaceutical regent for
hepatitis C virus therapy. Results from a phase 1b
study of PEG-IFN-A1 treatment of patients with
chronic HCV infection showed that PEG-IFN-A1 is
safe, effective, and has fewer side effects compared
with PEG-IFN-a2a "

P. pastoris glycosylate foreign proteins at
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N-linked glycosylation sites, although to lesser
extent than in mammalian cells®*. It is known that
the high-mannose type glycosylation can change the
protein structure, influence the protein characteristics
and functions, and bring immunogenicity™. In
human body, the high-mannose type
oligosaccharide chains bind mannose receptor,
leading to poor pharmacokinetic properties and
immune response™®*®, 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-A1 contains a potential N-linked
(Asn-X-Ser/Thr) glycosylation sites at Asn46
(NWS, Fig. 1), and expressed hyper-glycosylated
IFN-A1 (HG-1FN-A1) and low-glycosylated IFN-A1
(LG-IFN-A) in P. pastoris*”. To reduce
immunogenicity and increase the expression and
purification efficiency of recombinant proteins, we
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Fig. 1 The nucleotide and amino acid sequence of human IFN-LA1. 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-A1 in P. pastoris.
Here we described the construction of P. pastoris
strains capable of secreting biologically active
mutant IFN-A1, rhIFN-A1-Nm, and the expression,
purification, physicochemica properties characterization
and biological activity analysis of mutant rhIFN-A1.
Our results indicated that the mutant rhlFN-A1
could be legitimate substitutes for IFN-A1 in
developing into a more promising therapeutic

reagent.
1 Materialsand methods

1.1 Escherichia coli, yeast strains and cell
culture

E. coli DH5a (New England Biolabs) was used
to construct the recombinant plasmids. Yeast P.
pastoris GS115 (his4) (Invitrogen) was used as a
host strain for expressing rhlFN-A1 and
rhiFN-A1-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 “C, 5% CO, incubator.
The human hepatocellular cancer cell lines HepG2 and
Hep3b were maintained in MEM  medium

& 010-64807509

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

1.2 Congtruction of multicopies N-glycosylation
mutant expression plasmid

IFN-A1 mutated at Asn-46(IFN-A1-Nm) was
generated by overlapping PCR with Pfu-DNA
polymerase using pAO-1xIFNA1l as template. A
first round of PCR were performed respectively
with primers, o Factor-F and IFN-A1-Nm-R or
IFN-A1-Nm-F and IFN-A1-R1, for 5 cycles of 94 'C
for 1 min, 48 °C for 1 min, and 72 ‘C for 1 min,
followed by 25 cycles of 94 °C for 40 s, 55 C for
40 s, and 72 C 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 o Factor-F and
IFN-A1-R1. Thus, the DNA fragment of a
Factor-FN-A1-Nm was obtained. The sequences of
the primers used in this study are shown in Table 1.

The o Factor-IFN-A1-Nm fragment was
digested with EcoR I and cloned into plasmid
pAO815 (Invitrogen) (Fig. 2A) at the unique EcoR 1
site. After proving the correct insertion orientation
of o Factor-IFN-A1-Nmin pAO815, the plasmid
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#& 1 «Factor-IFN-L1-Nm PCR A 3|#1%1%

Table 1 List of primers used for PCR of a Factor-
IFN-.1-Nm
Primer name

Sequences (5'-3')
GGAATTCACCATGAGATTTCCTTCA
ATTTTT
TGCAACTCCATTGTTTCAGCTTG

CAAGCTGAAACAATGGAGTTGCA

CGGAATTCGTGGGGTGTCAGGTGG
ACTCAG

o Factor-F

IFN-A1-Nm-R
IFN-A1-Nm-F

IFN-A1-R1

pAO-1xIFN-A1-Nm was used as a source of
IFN-A1-Nm  expression cassette (5'AOX1-a
Factor-1FN-A1-Nm-3'AOX1TT) for further cloning.
IFN-A1-Nm expression cassette was released by
digestion of BglIl and BamH I . To achieve two
tandem copies of the IFN-AL-Nm expression
cassette in a vector, pAO-1xIFN-A1-Nm was
linearized at the unique BamH I 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 11
site at the 5 end of the promoter for the first
cassette and asingle BamH I site at the 3’ end of the
terminator for the second cassette in pAO-
2xIFN-A1-Nm. Similarly, pAO-6%IFN-A1-Nm was
constructed by ligating a 2xIFN-A1-Nm cassette to
PAO-4xIFN-A1-Nm at the unique BamH I site (Fig.
2B).

1.3 Expression and purification of rhlFN-A1-
Nm in P. pastoris

The pAO-6xIFN-A1-Nm expression plasmid
described above (10 pg) was linearized with Sal |
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 uF, 200 Q). P. pastoris cells were spreaded on
minimal dextrose(MD) plate and incubated for
46 d a 30 ‘C. His' transformants (GS115/
IFN-A1-Nm) were then simultaneously patched both
on a minimal methanol (MM) plate and a MD plate
to screen Mut® or Mut® phenotype. To induce
expression of rhIFN-A1-Nm, the Mut® clones were
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grown in 10 mL BMG medium at 30 “C in shaking
tubes. After 48 h of cultivation, the yeast cells were
spun down, resuspended in 5 mL of BMMY
medium to an ODgqg of 2.5-5 and incubated at 30 C
with shaking™*®. Methanol was added every 24 h at
1% (VIV).

The supernatants of GS115/IFN-A1-Nm
cultures were diluted with 5 volumes of 50 mmol/L
sodium phosphate, pH 7.0. The rhIFN-A1-Nm was
eluted from the column with a linear gradient to
50 mmol/L sodium phosphate, 1 mol/L NaCl, pH
7.0. rhIFN-A1-Nm proteins were further separated on
a size exclusion chromatography (SEC)- Superdex
75 prepacked column (1.25 cmx60 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-A1-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-A1-Nm
was further identified by Western blotting with a
polyclonal antibody against human IFN-A1 (R&D
Systems). PAS staining of glycosylated protein was
performed as described previously™. 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 HCI 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 C.
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).
15.2 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. lons generated by a pulsed UV
laser beam (nitrogen laser, 4 337 nm) were
accelerated to 25 kV. A saturated solution of
singpinic acid in water/ACN (1:1) was used as
matrix and mixed with the samples dissolved in
0.1% TFA agueous solution at a V/V ratio of 1:1.
15.3 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 ‘C. 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'?”.

1.6 Biological activity of rhlFN-A1-Nm
1.6.1 Activity detection used dual-luciferase
reporter gene assay (RGA)

2x10° HEK 293 cells per well were plated in
6-well plate and transfected with pISRE-Iuc (5 pg)
and pRL-SV40 (0.1 pg) plasmids. At 24 h after
transfection, cells were stimulated with rhIFN-A1
for 16 h. Cells were harvested and lysed using
Promega 1xpassive 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-A1-Nm

5x10° HepG2 and Hep3B cells per well were
plated in 6-well plate and stimulated with rhlFN-A1
in DMEM containing 0.5% FBS for 72 h,
respectively. After treated with trypsin and
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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 Xzs standard
deviations and the differences were considered
significant as P<0.05.

2 Result

2.1 Construction of plasmid pAO-6xIFNAL-Nm
and P. pastorisrecombinant strains

The N-glycosylation site mutagenesis of
human IFN-A1 at Asn46GIn was described as
“rhIFN-A1-Nm”. As described above, DNA
fragment o F-IFN-A1-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 Bgl II sites and
one BamH [ 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 Bgl Il and
BamH I double digestion (Fig. 2C). The section of
~2.1 kb between the restriction sites of BglII and

BamH [ is the expression cassette consisting of the
AOX1 promoter (5'AOX1) and the gene of o F-
IFN-A1-Nm followed by AOX1 transcription
termination (TT). Via a series of cloning procedure,
pPAO815-6%IFN-A1-Nm containing six copies of
IFN-A1-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-
A1-Nm. Plasmids linearized with Sal I favored
their insertion at His4 to generate His'Mut"
phenotype.
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2 RIEFRAL pAO-nxIFN-L1-Nm BIHIEE. (A) Tk &k pA081L5 EiE. (B) 1%, 2%, 4%, and 6xI FN-L1-Nm ik &R
RAERE. (C) FRAESYIEIKE. M: ADNA/Hind 115 FE+#5E: 23 kb, 9.4 kb, 6.5 kb, 4.3 kb, 2.3 kb, 2.0
kb; 1. pAO-IFN-A1-Nm; 2: pAO-2xIFN-A1-Nm; 3: pAO-4xIFN-A1-Nm; 4: pAO-6x IFN-A1-Nm B Bgl Il #n

BamH [ MEEYIEIE, FikiEmAREINHFRER.

Fig. 2 Construction of plasmid pAO-nxIFN-A1-Nm. (A) Integration and intracellular expression vector pAO815. (B)
Sketch map of the IFN-A1-Nm expression cassette contained in the 1x, 2x, 4x, and 6xIFN-A1-Nm expression plasmids.
(C) Plasmid digested with different restriction enzyme. M: ADNA/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-A1-Nm; 2: pAO-2xIFN-A1-Nm; 3: pAO-4xIFN-A1-Nm; 4:
pAO-6x IFN-A1-Nm digested with Bgl II and BamH I . Arrows showed different copies of expression cassette.

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

Small-scale cultures of the His"Mut” clones were
subjected to methanol induction to identify clones
capable of secreted rhIFN-A1-Nm. At different time
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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 rhiIFN-A1, only one
major protein band at 21 kDa was showed in the
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supernatant of rhlFN-A-Nm by Coomassie brilliant blue protein band appeared in the sample of rhIFN-A1 was
staining, Western blotting and PAS staining (Fig. 3C). not detected in the product of rhIFN-A1-Nm,
After N-glycosylation site mutagenesis, the 35 kDa  jndicating the absence of hyper-glycosylation! FN-A1.
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B 3 EeFREEEFFRIE rhIFN-A1 F0 rhI FN-L1-Nm BY4h {4k &% SDS-PAGE %4 . (A) rhIFN-A1 B9 SPFF X Superdex 75
EtrEiL; BEBFREHR HG-IFN-A1, &iskigR IFN-AL (B) rhIFN-A1-Nm A SPFF X Superdex 75 BT EL; &F
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DM EASFERE 86,43, 34, 26, 19kDa; 1,2 rhIFN-A1 & rhIFN-A1-Nm ik E5&; 3,4 SPFF ARl ;
5,6: SEC i hitlE.

Fig. 3 Purification and SDS-PAGE determination of rhIFN-A1 and rhIFN-A1-Nm expressed in Pichia pastoris. (A)
SPFF and Superdex 75 chromatography of rhIFN-A1; the peak of HG-IFN-A1 with a circle around it and the arrow
shows IFN-L1. (B) SPFF and Superdex 75 chromatography of rhIFN-A1-Nm. The arrow shows IFN-A1-Nm, and thereis
no HG-IFN-A1 peak. (C) Coomassie brilliant blue staining, Western blotting and PAS staining analysis of rhIFN-A1 and
rhIFN-A1-Nm after expression and purification. M: the standard proteins and their sizes were 86, 43, 34, 26, 19 kDg;
1,2: the induced culture medium supernatant of rhIFN-A1 and rhIFN-A1-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-
A1-Nm or GS115/IFN-A1 fermentation was purified
by a two-step process. Cation exchange
chromatography was a crucia step to remove the
most of the HG-IFN-A1 of the fermentation
supernatant of GS115/IFN-A1 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-A1-Nm and rhIFN-A1 was eluted
with a purity of >98% (Fig. 3C). But we have to
give up the purified rhIFN-A1 because it is hard to
separate the HG-IFN-A1 from the LG-IFN-A1
completely (Fig. 3A and 3B), and this led to
reduced purification recovery efficiency. Therefore,
we turned to the purification of rhIFN-A1-Nm.

2.3 Characterization of rhl FN-A1-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 mgjor signal with mass value of
molecular weight 20 789.95 Da, which is
consistent with the theoretical Mw of rhIFN-AL.
The other two signals with mass of 10 438.54 and
41 468.08 Da correspond to the doubly-charged
IFN-A1 and a dimeric of IFN-A1, 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-A1. 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 a-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 rhlFN-A1.

2.4 Biological activity of rhl FN-A1-Nm
To determine whether the mutant N-glycosylation
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site of IFN-A1 could influence the biological
activity of rhIFN-L1, a pISRE luciferase reporter
assay was used to assess the transactivation of
ISRE-modulated gene. HEK?293 cells were
co-transfected with both of the plasmids pl SRE-Luc
and pRL-SV40, and then stimulated with purified
rhIFN-A1 or rhIFN-A1-Nm. As shown in Fig. 5A,
cells stimulated with rhIFN-A1-Nm induced 5-fold
higher luciferase activity of ISRE than media alone,
which is similar to standard IFN-11?, and there
was no significant difference compared with
rhIFN-AL.

To further detect the bioactivity of rhlFN-
A1-Nm, we examined whether rhIFN-A1-Nm could
increase the expression of MHC |. The major
histocompatibility complex (MHC) is a set of cell
surface molecules encoded by alarge gene family in
all vertebratess. 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 | moleculesin 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-A1 and rhlFN-A1-Nm, the expressions of
HLA-ABC in HepG2 and Hep3B cell surface were
significantly unregulated, and no noticeable
difference was observed between rhIFN-A1 and
rhIFN-A1-Nm (Fig. 5B).

3 Conclusion

We recently purified recombinant human
IFN-A1 (rhIFN-A1) in a soluble form from P.
pastoris. However, the N-glycosylation site in
IFN-A1 at Asnd6 (NWS), bring immunogenicity
and affects the purification efficiency. In this
study, we successfully generated and expressed
the mutant IFN-A1-Nm, which contains the
Asn46GIn mutation, in P. pastoris. A higher yield
of pure protein of mutant IFN-A1 was obtained in
flask culture as compared with rhlFN-A1. Our results
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Fig. 4 The characteristics of rhIFN-A1-Nm. (A) The molecular weight of rhIFN-A1-Nm detected by MALDI-TOF-MS.
(B) Circular dichroism spectra of rhIFN-A1-Nm. (C) N-terminal sequence of rhIFN-A1-Nm.
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Fig. 5 Bioactivity of rhIFN-A1 and rhIFN-A1-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-A1 and rhIFN-A1-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 class I molecule
expression in hepatic cells. IFN-As-treated or untreated cells were stained with anti-HLA antibody.

showed that there is no highly glycosylated portion
in the rhIFN-A1-Nm preparation, and the
oligosaccharide content of the mutant IFN-AL is
significantly reduced as compared with the
rhIFN-L1. 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-A1-Nm
and rhIFN-A1 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-A1.

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

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 antivira assay (AVA)?*# 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?>?%. It is highly desirable
to establish new bioassay methods. Here we used a
RGA based on ISRE-driven luciferase activity
measurement!?*?") to detect the activity of rhIFN-A1
and rhIFN-A1-Nm. And, also we examined whether
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rhIFN-A1-Nm could increase the expression of
MHC | to detect the immunoregulatory activity of
IFN-As. Both results indicated that there is no
significant difference between rhlIFN-A1 and
rhIFN-A1-Nm in bioactivity.

In conclusion, we have shown that elimination
of the N-glycosylation sites in human IFN-A has no
effect on characteristics or bioactivity in IFN-A1
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-A1 purification from P. pastoris.
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