
Abstract. Background/Aim: The aim of the present study was
to establish the strategy for producing a single-chain variable
fragment (scFv) antibody fused with interleulin-2 (IL2) by
Pichia pastoris and to optimize production during fed-batch
cultivation in a 5-l fermenter. Materials and Methods: We
constructed a fusion sequence consisting of an scFv gene
derived from a mouse monoclonal antibody against a tumor-
associated antigen (designated MK-1 antigen) and human
interleulin-2 (IL-2) gene, ligated the sequences to expression
vector pPICZα-A and separately transformed the constructs
into Pichia pastoris strains GS115 and KM71H. Results: The
highest concentration of secreted fusion protein, 738±44 mg/l,
was obtained after a 60-h induction. To investigate the specific
binding activity of the partially purified fusion protein, we
used an enzyme-linked immunosorbent assay and antigen from
a whole-cell lysate. Student’s t-test showed that the specific
binding activity of the partially-purified fusion protein to the
lysate of Chinese hamster ovary cell lines expressing the MK-
1 antigen was significantly higher than that of the lysate of
CHO cell lines that do not express MK-1. Conclusions: The
method described here permits the production of substantial
amounts of the fusion protein for conducting functional studies
on the biological role of these fusion proteins.

To date, many tumor-associated antigens, both intracellular and
on the cell surface, have been identified (1-4). Among them, an
antigen designated MK-1 (epithelial cell adhesion molecule,
Ep-CAM) is a tumor-associated antigen and glycoprotein
marker on the tumor cell surface. MK-1 is different from
carcinoembryonic antigen (CEA), epithelial membrane antigen
(EMA), keratin polypeptides and other gastric carcinoma
antigens, and is located in both the membrane and cytoplasm in
several carcinomas, including gastric (5), urinary bladder (6),
and gallbladder (7). Because it is overexpressed in most
carcinomas, MK-1 has been proposed as a target for the
diagnosis and therapy of cancer (5-9).

Watanabe et al. established the monoclonal antibody FU-
MK-1, which recognizes the MK-1 antigen, by immunizing a
mouse with cancerous ascites derived from a poorly-
differentiated adenocarcinoma of the stomach. They also
reported that FU-MK-1 antibody is a useful marker to
distinguish hepatocellular carcinoma from cholangiocarcinoma
in the liver (10). It was reported that the epitope for monoclonal
antibody FU-MK-1 is present in the distal half of the
extracellular domain of the GA733-2 antigen and might
recognize a different epitope group than those recognized by the
antibodies to Ep-CAM and 17-1A (11). Ikeda et al. examined
the prognostic value of the FU-MK-1 antibody for gallbladder
carcinomas and concluded that FU-MK-1 generated a
characteristic reaction pattern in ordinary gallbladder tissue (7).
Ueno et al. have provided details for the use of a recombinant
fusion protein of superantigen staphylococcal enterotoxin A
(SEA) and the single-chain variable fragment (scFv) of the FU-
MK-1 antibody (SEA–FUscFv). These authors reported that the
SEA–FUscFv fusion protein retained reactivity with MK-1-
expressing tumor cells, introduced a specific cytotoxicity of
lymphokine-activated killer T-cells to tumor cells and
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consequently suppressed tumor growth in a severe
immunodeficiency genetic disorder (SCID) mouse xenograft
model. They concluded that the SEA–FUscFv fusion protein
maybe a potentially useful immunotherapeutic reagent for
human MK-1-expressing tumors (12). Matsumoto et al.
genetically fused recombinant human interleukin-2 (IL2) to
FUscFv(Vκ-VH). The resulting fusion protein, FUscFv(Vκ-
VH)–IL2, was expressed in Pichia pastoris, purified by Ni-
affinity chromatography and characterized for its MK-1-binding
specificity and IL2 biological activity. The FUscFv(Vκ-VH)–IL2
fusion protein effectively resulted in a specific cytotoxicity of
lymphokine-activated killer cells against tumor cells and
consequently suppressed tumor growth in an SCID mouse
xenograft model (13).

However, for the commercial exploitation ofsuch
therapeutic proteins, high and reliable levels of expression
are needed. In addition, to facilitate immunoassays, a
sufficient amount (approximately 100 mg) of scFv is
required. Although the production of the FUscFv(Vκ-
VH)–IL2 fusion protein in the yeast P. pastoris has achieved
levels of 2 mg/l (13), higher level expression systems are
necessary in terms of both product yield and quality.

In this study, we report the optimization of IL2–FUscFv
production in P. pastoris strain GS115. The pH value was
varied from 3.0 to 10.0, the temperature was varied between
20˚C and 37˚C and the methanol concentration was
investigated in a range between 0.01% and 0.5% (w/v) in flask
cultivation. Next, the optimal conditions obtained from flask
cultivation were applied to fed-batch cultivation in a 5-l
fermenter. Finally, the fusion protein was purified by Ni-affinity
chromatography and tested for specific binding activity to
Chinese hamster ovary (CHO) cell lines expressing the MK-1
antigen and CHO cell lines not expressing the MK-1 antigen.

Materials and Methods 

Fusion gene. The fusions encoding FUscFv(Vκ-VH)–IL2 were
obtained from Professor Kuroki Masahide, Department of
Biochemistry, Fukuoka University School of Medicine, Jounan-ku,
Fukuoka, Japan.

Pichia pastoris expression strain. P. pastoris strains GS115 (his4)
and KM71H (arg4; aox1:ARG4) were used as expression hosts
(Invitrogen Corp., Carlsbad, CA, USA). All yeast strains were kept
as frozen stocks at –70˚C in yeast extract potato dextrose (YPD)
medium (1% w/v yeast extract, 2% w/v peptone, 1% w/v glucose)
supplemented with 15% w/v glycerol. 

Cell line. CHO cell lines expressing the MK-1 antigen and CHO
cell lines not expressing MK-1 were obtained from Professor Kuroki
Masahide, Department of Biochemistry, Fukuoka University School
of Medicine, Jounan-ku, Fukuoka, Japan.

Construction of expression vector. We amplified the fusion sequence
coding for FUscFv(Vκ-VH)–IL2 and re-arranged the sequence to

produce IL2–FUscFv(Vκ-VH) and IL2–FUscFv(VH-Vκ). These
fusion genes were successfully obtained through overlap PCR and
verified by agarose gel electrophoresis. The DNA was sequenced
(Macrogen Inc., Geumchen-gu, Seoul, Korea) and cloned into
XhoI/NotI restriction sites of pPICZα-A containing a C-terminal
His-tag sequence (Invitrogen Corp.). The expression vectors
pPICZαA–IL2–FUscFv(Vκ-VH) and pPICZαA–IL2–FUscFv(VH-
Vκ) were linearized with PmeI and separately transformed into P.
pastoris strains GS115 and KM71H using the LiCl method, as
described in the EasyComp™ transformation kit (Invitrogen Corp.).
The transformants formed colonies after three days on yeast extract
peptone dextrose sorbitol (YPDS) agar plates (1% w/v yeast extract,
2% w/v peptone, 2% w/v dextrose, 1M sorbitol, 2% w/v agar)
containing Zeocin™ (100 μg/ml) (Invitrogen Corp.). 

Expression screening. Individual Zeocin™-resistant colonies were
analyzed for the secretion of the fusion protein in shaken flask
cultures. Briefly, single colonies were randomly selected, propagated
on separate YPDS plates containing 100 μg/ml Zeocin™ and analyzed
for their secretion level. Individual colonies were inoculated in 10 ml
of buffered minimal glycerol yeast extract (BMGY) medium (1%w/v
yeast extract, 2% w/v peptone, 1.34% w/v yeast nitrogen base,
4×10–5% w/v biotin, 1% w/v glycerol, 100 mM potassium phosphate,
pH 6.0) in a 250 mlbaffled flask and grown overnight at 30˚C with
shaking at 200 rpm. The cells in the cultures were harvested by
centrifugation (5,000× g, 10 min, 4˚C) and re-suspended in 50 ml of
buffered minimal methanol complex (BMMY) medium (1% w/v yeast
extract, 2% w/v peptone, 1.34% w/v yeast nitrogen base, 4×10–5% w/v
biotin, 0.5% w/v methanol, 100 mM potassium phosphate, pH 6.0) in
a 250-ml baffled flask. The cultures were incubated at 30˚C with
shaking at 200 rpm and expression was induced by the addition of
0.5% w/v methanol at 12-h intervals for 96 h.

Analytical methods. Growth was calculated using the dry cell
weight, which was determined by filtering the culture broth through
pre-weighed cellulose nitrate membrane filters (pore size 0.45 μm;
Sartorius, Goettingen, Germany) and drying the filters at 80˚C for
two days. The concentrations of methanol were measured off-line
with a gas chromatograph (Model CP-3800; Varian, Inc., Walnut
Creek, CA, USA) equipped with a CP-WAX 52CB capillary column
(0.25 mm df, 0.25 mm ID, 30 m length;Varian, Inc., USA); n-
propanol (Sigma-Aldrich Corp., St. Louis, MO, USA) was used as
an internal standard (14).

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) and western blot analysis. Clarified supernatant samples
were mixed with SDS-PAGE sample buffer, heated at 95˚C for 
5 min and separated on 12% polyacrylamide gels under reducing
conditions. The SDS-PAGE analysis was performed according to the
method of Laemmli (15). A mini-PROTEAN was used as instructed
by the manufacturer (Bio-Rad Laboratories Inc., Hercules, CA,
USA). The fusion protein concentration was estimated using the
densitometry software ImageJ (http://rsb.info.nih.gov/ij/) as
described by Chanprateep Napathorn et al. (16) Ovalbumin with a
molecular weight of 45 kDa (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) was used as the standard protein.

For the western blot analysis, proteins were transferred from the
gel to a polyvinylidene difluoride (PVDF) membrane (Bio-Rad
Laboratories Inc.) using a Mini Trans-Blot Electrophoretic Transfer
Cell (Bio-Rad Laboratories Inc.). The fusion protein was confirmed
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by immunoblotting, which was performed using a WesternBreeze
chromogenic detection kit (Invitrogen Corp.) according to the
manufacturer’s instructions.

Optimization of the production of fusion protein in P. pastoris in
shaken flask cultures. The effects of changes in pH, temperature and
methanol concentration on growth and fusion protein expression were
examined in shaken flask cultures. Firstly, the pH of BMMY was
varied; the temperature was then varied; and finally,the concentration
of methanol was varied. Briefly, we cultured the transformants in 20
ml of BMGY at 30˚C, at 200 rpm, until the OD600nm reached 8 to 10.
The culture was centrifuged at 10,160× g for 10 min. The supernatant
was discarded and the cells were transferred into baffled flasks with
50 ml of BMMY with pH values between 3.0 and 10.0 and incubated
at 20, 25, 30 or 37˚C in a shaking incubator at 200 rpm for 96 h. To
induce the expression of the fusion protein, absolute methanol was
added to a final concentration of 0.01%, 0.1% or 0.5% w/v at 12-h
intervals. The culture was sampled every 12 h to measure the cell dry
weight and the supernatant was analyzed for proteins using
Coomassie-stained SDS-PAGE and western blot analysis. The
methanol concentration remaining in the medium was analyzed by
gas chromatography.

Optimization of the production of IL2–FUscFv by P. pastoris in fed-
batch cultures. Fed-batch experiments were performed in a 5-l
fermenter (MBF-500ME; EYLA Tokyo Rikakikai Co., Ltd.,Tokyo,
Japan) equipped with a controller set (EPC-1000; EYLA Tokyo
Rikakikai Co., Ltd.). Production was divided into two phases. The
first phase was the growth phase using glycerol as the main carbon
source and the second phase was the methanol induction phase. In
this study, the glycerol concentration in the growth phase was varied
as 5%, 7.5% or 10% w/v. The fermentation temperature was kept
constant at 30˚C during cultivation. In the growth phase, the pH
value was maintained at pH 6.0 to promote biomass production.
After the glycerol was depleted, we initiated the addition of
methanol and the pH was changed to pH 4.0. The dissolved oxygen
(DO) was automatically controlled by the DO cascade control
system and maintained above 40%. All of these parameters were
recorded and monitored using an online program, TK97 Data
Record version 2.04 (EYLA Tokyo Rikakikai Co., Ltd.).
Ammonium hydroxide, 10% v/v and phosphoric acid, 20% v/v,
were used as pH control agents. A silicone antifoam emulsion
(Wako Pure Chemical Industries, Ltd.), 5% v/v, was used as a foam-
reducing agent. An air flow rate of 4 ml/min was used for aeration.
In fed-batch cultures, the feeding of methanol was based on the
feed-forward scheme

(Eq.1)

where F is the feed rate of the feeding medium (l/h), V is the culture
volume (l), X is the cell concentration (g dry cell/l), μ is the specific
growth rate (1/h), S is the concentration of methanol in the medium
(g/l), Sf is the concentration of methanol in the feeding medium
(g/l), ν is the specific consumption rate of methanol (g methanol/g
dry cell/h) and t (h) is the cultivation time (14). For all fed-batch
experiments, the methanol feeding rate was calculated according to
Eq. (1), whereνis given as 0.1552 (g methanol/g dry cell/h) and μ is
given as 0.098 1/h. The feed rate was controlled by manipulating
the rotation speed of a variable speed pump (ISM 828; Ismatec,

Wertheim, Germany) using a computer (HP Pavilion a250n desktop
PC; Hewlett-Packard Company, Palo Alto, CA, USA) via a data
logger (ADAC/5501 MF-V; IOtech, Bedford Heights, OH, USA).
The concentration of methanol was measured on-line using a
methanol sensor (TGS822; Figaro Engineering Inc., Arlington Hts,
IL, USA) as described previously (17). The methanol sensor unit
was interfaced with a data logger (ADAC/5501 MF-V; IOtech) for
data acquisition. The feeding medium consisted of absolute
methanol with 12 ml/l Pichia Trace Metals (PTM1) solution (6.0 g/l
CuSO4•5H2O, 0.08 g/l NaI, 3.0 g/l MnSO4•H2O, 0.2 g/l
Na2MoO4•2H2O, 0.02 g/l H3BO3, 0.5 g/l CoCl2, 20.0 g/l ZnCl2,
65.0 g/l FeSO4•7H2O, 0.2 g/l biotin, 5.0 ml/l H2SO4). After the DO
spike, samples were collected every 12 h for 120 h for further
analysis. Each sample was centrifuged at 17,000×g for 10 min and
the cell pellet was used for dry cell weight analysis. The supernatant
was analyzed for protein analysis by Coomassie-stained SDS-PAGE
and western blotting. The methanol concentration remaining in the
medium was analyzed by gas chromatography.

Purification of fusion proteins by Ni-affinity chromatography. To
purify the fusion protein, the supernatant was clarified through a
0.22-μm membrane filter (Millex-GV; EMD Millipore Corp.,
Billerica, MA, USA) prior to purification. Ni-affinity
chromatography was performed using His·Bind®Kits with 5-ml
olumns (Novagen®; Merck KGaA, Darmstadt, Germany) according
to the manufacturer’s instructions. The fractions containing the
protein (analyzed by SDS-PAGE) were pooled and concentrated
using Vivaspin 500 centrifugal concentrators (30000 MWCO;
Vivaproducts, Inc., Littleton, MA, USA). Finally, the protein was
stored in a PBS solution for further analysis. The purity of the fusion
proteins was determined by SDS-PAGE. The protein concentrations
were determined using the Bradford protein assay (Bio-Rad
Laboratories Inc.) with bovine serum albumin as the standard. 

Measurement of human IL2 protein level when expressing
IL2–FUscFv in P. pastoris. The levels of IL2–FUscFv were
determined using a commercial ELISA kit (Human IL2 Ready-SET-
Go ELISA system; eBioscience Inc., San Diego, CA, USA)
according to the manufacturer’s instructions. Standard curves were
generated with hIL2 (eBioscience, Inc.).

Characterization of specific binding activity of the fusion protein.
The specific binding activity of the fusion protein was determined
by enzyme-linked immunosorbent assay and antigen from a whole-
cell lysate (15). A control experiment was performed using CHO
cell lines that do not express the MK-1 antigen and compared with
the results obtained using CHO cell lines expressing MK-1.

Statistical analysis. The data are representative of three independent
experiments and are presented as the mean values±the standard
deviation (SD). The results of the specific binding activity were
analyzed using Student’s t-test. A p-value of less than 0.05 was
considered significant.

Results

Expression screening. The fusion proteins IL2–FUscFv(Vκ-
VH) and IL2–FUscFv(VH-Vκ) were fused to a carboxyl-
terminal sequence of c-myc and a His-tag to allow for
immunodetection and affinity purification. Previously, the
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molecular weight of the FUscFv(VH-Vκ)–IL2 fusion protein
was reported to be 43 kDa (13). In this study, the addition of
the c-myc and His-tag at the C-terminus increased the
molecular mass by 2 kDa, resulting in a target mass of 45 kDa
(Figure 1B). During an initial attempt to screen for a
transformant capable of producing the highest level of secreted
fusion protein, it was found that all transformants harboring
pPICZαA–IL2–FUscFv(Vκ-VH) produced an unstable fusion
protein; indeed, the protein was no longer detectable after
overnight storage at 4˚C. Although the specific protein band
at 45 kDa was detected using fresh supernatant or after one
freeze-thaw cycle, the protein was unable to with stand more
than two freeze-thaw cycles. Interestingly, transformants
harboring pPICZαA–IL2–FUscFv(VH-Vκ) did not produce a
product sensitive to repeated freeze-thaw cycles, indicating
that the secreted IL2–FUscFv(VH-Vκ) fusion protein was
stable. Thus, we omitted all of the transformants harboring
pPICZαA–IL2–FUscFv(Vκ-VH) from further investigation.
Next, the production of secreted IL2–FUscFv(VH-Vκ) in P.
pastoris strain GS115 was compared with that of P. pastoris
strain KM71H. We found that all transformants of strain
KM71H secreted very small amounts of IL2–FUscFv(VH-Vκ)
fusion protein and were thus not appropriate for increasing the
scale of production (data not shown). Therefore, only one
transformant among 54 transformants of strain GS115 was
selected for IL2–FUscFv(VH-Vκ) expression.

Optimization of fusion protein expression in shaken flask
cultivation. The effect of pH on cell growth and
IL2–FUscFv(VH-Vκ) protein production was examined at pH
3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 and 10.0 in a BMMY
induction medium buffered to limit protease activity. Table I
and Figure 2 show cell growth and the amount of secreted
fusion protein under various temperature and pH conditions.
It was found that at all temperatures, the cell density
increased from pH 3.0 to 6.0, whereas it decreased from pH
7.0 to 10.0. Consequently, the amount of secreted fusion
protein and the degradation of the target protein must be
carefully considered in the production process. It was found
that the production was successful at pH 3.0 and 4.0,
whereas the fusion protein was degraded at a pH above 5.0.
As shown above, adjusting the pH of the induction medium
to limit protease activity had a profound effect on protein
expression. Temperature is also an important factor for
enhancing the production of recombinant proteins. In our
previous studies, a cultivation temperature of 25˚C enhanced
the expression of the soluble fraction of IL2–FUscFv(VH-Vκ)
and IL–2–FUscFv(Vκ-VH) in Escherichia coli strains
BL21(DE3)pLysS and Rosetta-gami B (15). In this study,
incubation temperatures of 20, 25, 30 and 37˚C were
investigated in detail. The results shown in Figure 2B suggest
that the specific growth rate of P. pastoris strain GS115 in
BMMY medium was maximal at a cultivation temperature
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Figure 1. A: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of supernatant samples in BMMY medium, pH 6.0, from Pichia pastoris
GS115 harboring pPICZαA–IL2–FUscFv(VH-Vκ). B: Immunoblotting of supernatant samples in BMMY medium, pH 6.0, from Pichia pastoris GS115
harboring pPICZαA–IL2–FUscFv(VH-Vκ). Lane M, Protein molecular weight marker; lane 1, non-expression clone; lane 2, 72 h; lane 3, 84 h;
lane 4, 96 h.



of 30˚C at pH 6.0, whereas the highest production of
IL2–FUscFv(VH-Vκ) was obtained at the cultivation
temperature of 30˚C at pH 3.0 and 4.0.

Next, the effect of methanol concentrations of 0.01%, 0.1%
and 0.5% w/v at pH 3.0 and 4.0 were investigated separately. A
cultivation temperature of 30˚C for 96 h was used. Absolute
methanol was added every 12 h to produce the final

concentration being tested. A summary of the results is shown
in Figure 3. Induction with 0.01% (w/v) methanol showed the
lowest expression of IL2–FUscFv(VH-Vκ) during the 96-h
induction time, which might indicate the induction-limiting
level of methanol for IL2–FUscFv(VH-Vκ) expression by P.
pastoris. The fusion protein concentration at pH 4.0 was higher
than that obtained at pH 3.0 and the highest level (579±8 mg/l)
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Figure 2. A: The effect of pH, temperature and methanol concentration on the specific growth rate (1/h) and B: the production of secreted fusion
protein in Pichia pastoris GS115 harboring pPICZαA–IL2–FUscFv(VH-Vκ). 



of fusion protein was obtained in these experiments. Thus, we
chose the optimal conditions as 30˚C at pH 4.0 with 0.1% w/v
methanol for the methanol induction phase.

Optimal production of secreted IL2–FUscFv(VH-Vκ) in fed-
batch cultures of P. pastoris. Firstly, the batch culture was
grown with 5% w/v glycerol in the growth phase at 30˚C and
pH 6.0, at an agitation speed of 500 rpm and an aeration rate
of 2 ml/min. The DO spike was observed at 24 h, indicating
the depletion of glycerol. Under these conditions, a dry cell
weight of 8±0.7 g/l was obtained. After induction with 0.1%
w/v methanol at pH 4.0 and 30˚C for 96 h, a dry cell weight
of 16±0.4 g/l was obtained. The secreted fusion protein
concentration was only 184±5 mg/l at 96-h post induction;
thus, the amount of protein obtained was much less in the
fed-batch culture than in the shaken flask culture. Then, the
effect of cell density on fusion protein production was
investigated to enhance productivity.

In general, high cell densities are employed to produce
heterologous proteins because production is roughly
proportional to cell density. However, a high cell density may
increase the concentration of extracellular proteases and may
have detrimental effects on cell physiology, which in turn
limits the amount of the desired product. In this study, the
concentration of glycerol was used to manipulate the cell
density. Because biomass accumulation increases
proportionally to the concentration of glycerol, we used 5%,
7.5% and 10% w/v glycerol to investigate the impact of cell
density on the production of IL2–FUscFv(VH-Vκ) by P.
pastoris in a 5-l fermenter. 

Figure 4A shows the effect of the glycerol concentration on
cell density and the production of the fusion protein. We found
that when the glycerol concentration increased from 5% to
7.5% and 10% w/v, the cell mass increased from 9±0.2 g/l to
21±0.3 and 30±0.6 g/l, respectively. The specific growth rates
were almost the same, approximately 0.098 1/h in the glycerol
phase and we found that these values were much higher than
those obtained during shaken flask cultivation. During the
methanol induction phase, the methanol feed rate was adjusted
according to Eq.1. However, the secreted fusion protein
concentrations were 384±13 mg/l, 278±38 mg/l and 112±14
mg/l when 5%, 7.5% and 10% w/v glycerol, respectively, was
used in the growth phase. Thus, the amounts of secreted fusion
protein were lower in the fed-batch culture than in the shaken
flask cultures, which might be due to differences in the
production media: a modified basal salt medium was used in
the fed-batch cultivation, whereas BMMY was used in the
shaken flask cultivation. In addition, SDS-PAGE analysis
revealed several low molecular weight proteins in the
supernatants from the fed-batch cultures, suggesting that
protein degradation occurred due to a protease naturally
produced by P. pastoris. We found that the presence of yeast
extract and/or peptone in BMMY medium repressed the
protease activity in P. pastoris. Thus, the modified basal salt
medium was changed to BMMY medium.

The highest protein concentration (738±44 mg/l; Figure 4B
and C) was obtained at 84 h, pH 4.0, 30˚C and 0.1%w/v
methanol induction in BMMY medium. Figure 4D shows the
control results for methanol concentration, in which the
methanol was kept at an optimal concentration of 0.1-0.3%
w/v, lasted for 120 h using the feed-forward strategy. Table II
shows the results obtained from fed-batch cultures under
various conditions. In this study, we report our efforts to
optimize the conditions for the production of secreted fusion
protein IL2–FUscFv(VH-Vκ) in P. pastoris in fed-batch cultures.
The amount of secreted fusion protein we obtained, 738±4
mg/l, is much higher than the 2 mg/l previously reported (13).

Partial purification of the fusion protein by Ni-affinity
chromatography. In this study, we successfully purified the
fusion protein containing the His-tag using Ni-affinity
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Table I. The production of fusion protein IL2–FUscFv(VH-Vκ) in Pichia
pastoris GS115 in shaken flask cultivations at 20, 25, 30 and 37˚C. The
pH varied between 3 to 10. The protein expression was induced with 0.5
% (w/v) methanol for 96 h. The data are representative of three
independent experiments and are presented as the mean values±the
standard deviation (SD).

Temperature Secreted protein (mg/l) Biomass (g/1)

20˚C
pH 3 274.83±67.09 8.54±0.23
pH 4 220.26±82.92 8.30±0.28
pH 5 184.48±35.70 10.28±0.34
pH 6 138.03±32.42 11.28±0.18
pH 7 130.16±63.66 6.40±0.12

25˚C
pH 3 369.58±149.06 5.10±0.33
pH 4 386.00±28.89 5.40±0.42
pH 5 381.18±46.96 7.80±0.28
pH 6 284.25±10.70 8.70±0.14
pH 7 221.61±60.99 4.50±0.23

30˚C
pH 3 466.35±62.40 5.40±0.12
pH 4 505.56±73.91 5.70±0.15
pH 5 462.06±23.88 7.20±0.27
pH 6 358.41±30.16 8.10±0.31
pH 7 253.16±56.37 4.10±0.12
pH 8 0 0.40±0.15
pH 9 0 0.60±0.17
pH 10 0 0

37˚C
pH 3 151.38±18.22 2.00±0.12
pH 4 190.49±61.87 3.75±0.34
pH 5 68.82±21.88 5.59±0.16
pH 6 39.83±14.93 6.00±0.19
pH 7 30.66±44.91 3.10±0.21



chromatography. Figure 5A shows the crude protein in lanes 1
and 2, purified protein in lane 3 and purified protein re-folded
in PBS buffer in lane 4; for comparison, 50−1,000 mg/l of the

ovalbumin protein standard were included on the gel. After
purification, the recovery of the purified protein was 38% and
the purity was 88%. 
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Figure 3. The effect of temperature and methanol concentration on the production of secreted fusion protein from Pichia pastoris GS115 harboring
pPICZαA–IL2–FUscFv(VH-Vκ) in BMMY medium with the comparison between pH 3.0 and pH 4.0. 

Table II. The production of fusion protein IL2–FUscFv(VH-Vκ) in 5-l fermenter using fed-batch cultivation of Pichia pastoris GS115. The pH was
set at 6 in glycerol phase then changed to pH 4 in methanol induction phase. The dissolved oxygen was controlled at 40% and temperature was set
at 30˚C. The concentration of methanol was controlled at 0.1% using a feed-forward strategy.

Secreted protein Biomass Specific growth rate Specific production  Productivity
(mg/l) (g/l) (1/h) rate (mg protein/ (mg/l/h)

g dry cell/h) 

5% Glycerol, BMMY medium
Growth phase (0-24 h) 0 8.06±0.20 0.098 0 0
Production phase (24-120 h) 738.16±43.66 18.53±0.97 0.004 0.38 8.79

5% Glycerol, MS medium
Growth phase (0-24 h) 0 8.73±0.22 0.098 0 0
Production phase (24-120 h) 384.41±12.59 19.84±0.35 0.005 0.16 4.57

7.5%Glycerol, MS medium
Growth phase (0-24 h) 0 21.36±0.25 0.098 0 0
Production phase (24-120 h) 278.39±38.22 26.93±0.86 0.007 0.11 2.32

10% Glycerol, MS medium
Growth phase (0-24 h) 0 30.26±0.55 0.115 0 0
Production phase (24-120 h) 112.38±13.66 39.73±0.86 0.001 0.05 0.85

BMMY: Buffered minimal methanol complex; MS: modified basal salts medium.



Characterization of the specific binding activity of the fusion
protein. The specific binding activity of the IL2–FUscFv(VH-
Vκ) fusion protein using CHO cell lines expressing the MK-1
antigen was tested by ELISA. For comparison, the specific
binding activity of the fusion protein was also tested against
lysates of CHO cell lines that did not express MK-1. The
ELISA OD450nm values for the CHO cell lines expressing MK-
1 antigen and CHO cell lines not expressing MK-1 were
0.642±0.011 and 0.314±0.017, respectively (Figure 5B). The
binding activity of IL2–FUscFv(VH-Vκ) was significantly higher
with the lysate from cell lines expressing MK-1 than with those
not expressing MK-1 (Student’s t-test, p<0.05). Therefore, the
fusion protein IL2–FUscFv(VH-Vκ) produced by P. pastoris
strain GS115 in this study provides preliminary evidence for the
potential usefulness of scFvs in immunotherapy applications.

Discussion

In the present study, we report our efforts to express
IL2–FUscFv fusion proteins in P. pastoris and optimize their
production. We aimed to establish a highly producing
strategy available for any other fusion proteins consisting of
scFv and IL2. It is well-recognized that this host expression
system offers several advantages, including glycosylation, of
foreign proteins similar to mamalian and insect cells (18).
Several reports have indicated that soluble and functional
scFvs are produced and secreted by P. pastoris but with a
variable yield, typically ranged from 3 to 250 mg/l (19-23).
In our preliminary study, fusion proteins IL2–FUscFv(VH-
Vκ) and IL2–FU scFv(Vκ-VH) were expressed in P. pastoris
strains GS115 and KM71H. We found that P. pastoris strain
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Figure 4. A: The effect of glycerol concentration on the specific growth rate (1/h) and the specific production rate (g protein/g dry cell/ h) of Pichia
pastoris GS115 harboring pPICZαA–IL2–FUscFv(VH-Vκ). B: Time course of dry cell weight (g/l) and secreted fusion protein production (mg/l) in
BMMY medium at pH 4.0, 30˚C and 0.1% methanol induction in fed-batch culture of Pichia pastoris GS115 harboring pPICZαA–IL2–FUscFv(VH-
Vκ). C: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis of the secreted fusion proteins produced in BMMY medium at pH 4.0, 30˚C and
0.1% methanol. M, Protein molecular weight marker; lane 1, 12 h; lane 2, 36 h; lane 3, 48 h; lane 4, 60 h; lane 5, 72 h; lane 6, 84 h; lane 7, 96
h; lane 8, 108 h; lane 9, 120 h. D: Time course of the control result of methanol concentration using the feed-forward strategy. 



GS115 or KM71H produced an unstable IL2–FUscFv(Vκ-
VH) fusion because the fusion protein was no longer
detectable after overnight storage at 4˚C. Shi et al. also
reported the same problem and concluded that extracellular
proteolysis may contribute to the low production of scFv, as
the protein was not detectable after overnight dialysis or
storage at 4˚C (19). In addition to the above problem, the
expression level of IL2–FUscFv(VH-Vκ) in strain KM71H
was very low compared to the strain GS115. Therefore, we
chose to optimize the production of IL2–FUscFv(VH-Vκ) in
P. pastoris strain GS115. It has been reported that pH is an
important factor to minimize the effect of proteolytic
degradation of heterologous proteins expressed by P. pastoris
(20). In fact, P. pastoris is able to grow over a broad range of
pH values, from 3.0 to 8.0, which allows for adjusting pH to
the one at which heterologous protein degradation is
significantly reduced. Shi et al. reported that BMMY
induction media with pH values between 6.5 and 8.0 were

the most suitable for the expression of anti-serpin scFv,
whereas the optimal pH for growth was reported to be pH
6.0 and 7.0 (19). However, several studies have reported that
acidic pH significantly prevents protease activity and thus
increases the expression of recombinant proteins (21, 22).
Therefore, we investigated the optimal pH through a series
of P. pastoris cultures at different pH values. In our study,
when pH 3.0 or 4.0 was used with BMMY media,
IL2–FUscFv(VH-Vκ) was expressed by P. pastoris and high
levels of expression were observed without degradation of
fusion proteins.

The cultivation temperature is also one of the most
important parameters affecting the yield of recombinant
protein production. The EasySelect™ Pichia expression kit
(Invitrogen Corp.) user manual recommends a growth
temperature between 28˚C and 30˚C. Growth above 32˚C
during induction can be detrimental to protein expression and
can even lead to cell death. There are several reports on

Anuleejun et al: Optimal Production of IL2/scFv Fusion Proteins in P. pastoris

3933

Figure 5. A: Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
of the fusion protein during purification. M, Protein molecular weight
marker; lane 1, crude fusion proteins; lane 2, crude fusion proteins;
lane 3, fusion proteins purified by Ni-affinity chromatography; lane 4,
refolded fusion proteins in PBS buffer; lane 6, ovalbumin standard
protein 50 mg/l; lane 7, 100 mg/l; lane 8, 500 mg/l; lane 9, 1000 mg/l.
The standard curve was generated by plotting the average peak area
from Image J analyses versus the known amount of ovalbumin standard
protein (R2 >0.99). B:The specific binding activity of IL2–FUscFv(VH-
VΚ) for CHO cells that express MK-1 and CHO cells that do not
express MK-1 was measured by cell lysate enzyme-linked
immunosorbent assay. Data represent the mean values±SD of three
independent experiments. Statistical analysis was performed by
Student’s t-test and p<0.05 was considered significant. 



expressing heterologous proteins in P. pastoris at low
temperatures (19, 22-24). For example, Li et al. reported that
lowering the temperature from 30˚C to 23˚C increased the
yield of herring antifreeze proteins from 5.3 mg/l to 18.0 mg/l
and also increased cell viability (24). Shi et al. also stated that
P. pastoris could be effectively propagated at a temperature
of 15˚C, which leads to reduced protease levels but
subsequently prolongs the period of scFv production (19). In
our study, we applied a combination of temperature and pH
and found that a pH lowered to 4.0 effectively promoted the
production of the fusion protein, even under a temperature of
30˚C, yet did not prolong the production period.

Next, the effect of methanol concentration was examined.
We found that a concentration of 0.1% w/vat pH 4.0 and a
temperature of 30˚C resulted in the highest level (579±8 mg/l)
of fusion protein production. It was reported that high levels
of methanol (above 5 g/l) ) can be toxic to P. pastoris (25)
and low levels of methanol may not be sufficient to initiate
transcription (18). We found that a concentration of 0.01%
w/v was an induction-limiting level for the production of
IL2–FUscFv(VH-Vκ). Finally, we applied the optimal
conditions in fed-batch cultivation and investigated the effect
of high cell density, which can be performed by manipulating
the glycerol concentration in the growth phase. We found that
increasing the glycerol concentration from 5% to 10%
resulted in an increase in cell dry weight from 8.7±0.2 g/l to
30±0.6 g/l. The specific growth rates were almost the same,
but the specific production rates decreased, which might be
due to the high cell density producing environmental stress
on the cells, such as the accumulation of formaldehyde and
hydrogen peroxide. Recently, Hyka et al. applied fluorescent
dyes and flow cytometer techniques to quantify the
physiological state of P. pastoris in a combined effect of
heterologous protein production, low pH of 4.0 and high cell
density in fed-batch cultures. Although severe physiological
stress (impaired cell vitality) was observed, vitality improved
when any one of these stress factors was excluded (26). Our
reports are in agreement with Hyka et al. in that high cell
density may cause stress to the cells and does not improve the
production level of fusion proteins.

Based on the results described here, the optimal conditions
for the production of an scFv-based fusion protein in P.
pastoris fed-batch culture have been established, allowing for
determination of both the optimum biomass concentration
and a simple methanol feeding rate for induction. As a
consequence of these findings, a significant increase in the
titer of scFv-based fusion proteins could be obtained (from 2
to 738±44 mg/l). The expression level at 0.1% (w/v)
methanol can be compared to a previous study conducted by
Lei et al., who reported a production of 520 mg/l of
recombinant human IL2–serum albumin fusion protein in a
fed-batch culture using methanol as a carbon source (27).
Our results also demonstrate that the fusion proteins

IL2–FUscFv(VH-Vκ) produced in this study retained
reactivity towards CHO cells expressing the MK-1 antigen
but did not react significantly with CHO cells that do not
express MK-1, thus providing preliminary evidence for the
potential usefulness of scFvs in immunotherapy applications.
Taken together the results mentioned and the methods
described in this study permit the production of substantial
amounts of fusion proteins for conducting future functional
studies on their biological roles. 
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