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Peroxidase from Coprinus cinereus (CiP) has attracted
attention for its high specific activity and broad substrate
spectrum compared with other peroxidases. In this study,
the functional expression of this peroxidase was successfully
achieved in the methylotrophic yeast Pichia pastoris. The
expression level of CiP was increased by varying the
microbial hosts and the expression promoters. Since a signal
sequence, such as the alpha mating factor of Saccharomyces
cerevisiae, was placed preceding the cDNA of the CiP coding
gene, expressed recombinant CiP (rCiP) was secreted into
the culture broth. The Mut" Pichia pastoris host showed a
3-fold higher peroxidase activity, as well as 2-fold higher
growth rate, compared with the Mut® Pichia pastoris host.
Furthermore, the AOXI promoter facilitated a 5-fold higher
expression of rCiP than did the GAP promoter.

Keywords: Coprinus cinereus peroxidase, promoter, Pichia
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Peroxidases (E.C. 1.11.1.7) are enzymes that use peroxide to
oxidize a broad range of compounds, including phenols,
aromatic amines, and reduced inorganic compounds, and
have active sites that usually contain protoporphyrin
IX (heme) and coordinated ferric ions. Occurring in a
wide variety of organisms, including plants, animals, and
microorganisms with specificities and biological functions
that depend on the source, these enzymes have attracted
attention for their various potential industrial applications
[6, 12, 19, 27].

Horseradish peroxidase (HRP) is well known for its high
catalytic activity and broad specificity for electron donors.
Since Coprinus cinereus peroxidase (CiP), a fungal peroxidase
found in the culture filtrate of an ink cap basidiomycete,
was reported to be similar to HRP, CiP has also been
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receiving attention [16,20] and, essentially identical to
Arthromyces ramosus (a hyphomycete) peroxidase (ARP),
exhibits a substrate-specific activity and broad substrate
specificity similar to HRP. Notably, CiP consists of a single
species of enzyme, whereas HRP consists of at least 12
isozymes possessing different catalytic properties.

Industrial applications of a fungal peroxidase require
an efficient and economical production system. To date,
Saccharomyces cerevisiae [21], Aspergillus oryzae [17],
and Aspergillus awamori [15] have been examined as
heterologous expression systems for CiP/ARP production.

The methylotrophic yeast Pichia pastoris is well known
for being effective in producing recombinant genetic
material when facilitated by including a gene coding for a
foreign protein behind the promoter of the 40XI gene
normally needed for methanol utilization {18, 24, 26], such
that high quantities of foreign protein (10-100 times more
than S. cerevisiae) can be expressed [2, 3, 8, 9. As P, pastoris
has properties similar to S. cerevisiae, a yeast widely used
in genetic engineering and industry, the technologies of
molecular biology, genetics, and biochemistry developed
for S. cerevisiae can be applied to P. pastoris. Using P
pastoris as a host, the desired foreign protein can be
expressed at the inside or outside the cell, and because of
the very limited amounts of protein that P pastoris
secretes, most of the secreted protein can be the desired
foreign protein. In addition, different from the glycoproteins
of S. cerevisiae, P. pastoris has specific posttranslational
modification pathways that result in secreted glycoproteins
similar to those of higher eucaryotes. By benefit of these
differences, problems that arise with the use of S. cerevisiae
can be solved or avoided [7, 22].

P. pastoris can use methanol as a carbon source and
regulates the transcription and synthesis of alcohol oxidase
with the AOX promoter, 40X1. The expression of the AOX]
promoter is similar to the control pathway of GALI of
S. cerevisiae, but differs from GAL/ in that AOX! cannot
function with, and is repressed by, glucose in the medium,



being only induced by methanol. Thus, using P. pastoris,
glycerol is commonly used for high-density cultures and
methanol for induction of a desired protein [14].

There are three types of available P. pastoris host strains
that vary with regard to their methanol utilization abilities:
the wild type or methanol utilization plus (Mut") phenotype;
those resulting from deletions in the 40X gene, methanol
utilization slow (Mut®); or both 40X gene and methanol
utilization minus (Mut”). An important advantage of Mut®
strains is that the culture is not as sensitive to residual
methanol in the cultivation media relative to Mut” strains,
facilitating the process of scale-up [25]. Unfortunately, the
lower maximum specific growth rate of the wild-type Mut®
strain, compared with wild-type Mut" strains, limits the
productivity of the Mut’ utilizing process.

In this paper, the degree of rCiP host expression was
compared with various strains of P pastoris Mut’ and
Mut’, and through comparison of the expression of rCiP
under the control of A0X! and GAP promoter, optimal
conditions for CiP production were suggested.

MATERIALS AND METHODS

Materials

All chemicals were of reagent-grade purity. Classical peroxidase
substrate ABTS [2,2"-azinobis (ethylbenzthiazoline-6-sulfonate)] and
H,0, were obtained from Sigma (U.S.A.), restriction enzymes and
ligase were purchased from New England BioLabs (U.S.A.), EXTug
was from Takara Bio Inc. (Japan), and E. coli HIT DH50. Competent
Cells were from RBC (Taiwan). P. pastoris strain X-33 (wild-type)
and plasmid pPICZaA were obtained from Invitrogen (U.S.A.), and
the yeast transformation kit (MicroPulser) and the plasmid miniprep
kit were purchased from Bio-Rad (U.S.A.) and Takara Bio Inc.
(Japan), respectively. Plasmid propagation was carried out in E. coli
DH5a cells using low-salt LB medium (Zeocin 25 ug/ml).

Vector Construction for CiP Expression in P. pastoris

The peroxidase cDNA from C. cinereus was isolated from the
previously constructed vector pPICZaA-rCiP [13]. The EcoRI-Notl
DNA fragment containing the rCiP (1,095 bp) was purified and
cloned into the pPICZaA and pGAPZoA (Fig. 1). Table 1 shows
the yeast strains and plasmids used in this study.

P. pastoris Transformation and Selection

The pPICZaA-rCiP and pGAPZaA-rCiP were linearized with Sacl
and Blnl, respectively, and used to transform competent X33 (Mut",
His") or KM7LH (Muf', His") cells by electroporation according to
accompanying instructions (Invitrogen, U.S.A.), after which the linearized
vectors were integrated into the Pichia genome via homologous
recombination. The resulting transformed cells were plated onto
YPDS medium (1% yeast extract, 2% peptone, 2% glucose, and
I'M sorbitol) supplemented with 100 pg/m! Zeocin. For the CiP
construct, typically 4-6 transformants were chosen and purified as
isolated single colonies on new YPDS plates (supplemented with

Zeocin) and then screened to identify clones with the highest CiP
activities.
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Fig. 1. Construction of peroxidase (CiP) expression vector in P
pasioris.

The CiP gene cloned into the vectors pPICZaA (A) and pGAPZaA (B)
with the a-mating factor pre-pro-leader sequence derived from S. cerevisiae.

CiP Expression in P. pastoris X-33

prCiP-X and prCiP-K strains were inoculated in 5ml of BMGY
medium (1% yeast extract, 2% peptone, 100 mM potassium phosphate,
pH 6.0, 1.34% YNB, 4x107% biotin, and 2% glycerol), grown
overnight at 30°C in a shaking incubator, and the cultures adjusted
to the same ODgy,. One hundred ml of each culture was used to
express CiP in BMMY at 30°C, with sterile methanol added every
24 h to maintain induction conditions. grCiP-X and grCiP-K (Table 1)
were used to express CiP in YPD (1% yeast extract, 2% peptone,
and 2% glucose) at 30°C.

Cell Density and CiP Activity Assay
Samples collected at different time intervals were analyzed and the
cell density was monitored spectrophotometrically at 600 nm.

The CiP peroxidase activity was measured using an ABTS and
hydrogen peroxide assay in which the purified protein samples derived
from cell suspensions were mixed with 2 ml of ABTS-H,0, (0.5 mM
ABTS and 2.9 mM H,0,, pH 5.0) in a quartz cuvette and changes
in absorbance at 420 nm (molar extinction coefficient of ABTS,
34,700 M "cm™') were determined using a UV-Vis spectrometer
(Shimadzu, Japan) at 25°C.
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Table 1. Yeast strains and plasmids.

Strains/plasmids Genotype/characteristics Reference

Strains

P, pastoris X-33 Wild type

P, pastoris KM71H arg4, Mut’

prCiP-X pPICZaA-rCiP X-33 transformant This study

prCiP-K pPICZaA-rCiP KM71H transformant This study

grCiP-X PGAPZaA-rCiP X-33 transformant This study

grCiP-K PGAPZaA-rCiP KM71H transformant This study
Plasmids

pPICZaA Zea' expression vector, AOX] promoter

pGAPZa A Zeo' expression vector, GAP promoter

pPICZaA-rCiP Zeo' containing rCiP DNA (secretion form) This study

pGAPZoA-rCiP Zeo' containing rCiP DNA (secretion form) This study

Immunobletting and Quantity of Enzyme

After removal of yeast cells by centrifugation of the culture medium,
the supernatant was added to a 5x sample buffer (50 mM Tris-HClI,
pH 6.8, 100 mM dithiothreitol, 2% SDS, 0.1% bromophenol blue,
and 10% glycerol), boiled for 10min at 100°C, and the rCiP
separated from the mixture on 12% SDS-PAGE by electrophoresis
and transferred to PVDF membranes (Amersham, U.K.). Anti-rCiP
antibody (Peptron. Co., Korea) raised in mice by using commercially
available peroxidase (Novozyme, Denmark) was used as the primary
antibody, followed by an anti-mouse goat IgG-alkaline phosphatase.
The quantity of enzyme recovered was determined by measuring the
immunoblotting band densities on an IMAGE J (Java-based image
processing program developed at the NIH).

RESULTS AND DISCUSSION

Comparison of rCiP Expression in Pichia pastoris by
Varying Hosts

There are many examples of the expression of heterologous
protein using P. pastoris Mut” and Mut’. The expression of
human tumor suppressor P53 by Mut® has shown high
yields, compared with expression by Mut” [1].

To optimize the expression of rCiP according to the
host, pPICZoA-rCiP was transformed into P. pastoris X-
33 (Mut") and KM71H (Mut®), and the pPICZa.A-rCiP-
harboring cells were cultivated in 100 ml of BMMY
medium at 250 rpm and 30°C in a shaking incubator. After
24h of culture, 0.5% methanol was added during the
induction period. Methanol was added, over a range of
0.3-2% and every 24 h, to Mut” and Mut® cultures and the
enzyme activity examined. Consequently, 0.5% methanol
was found to attain a high level of cell growth and
peroxidase activity (data not shown). The time courses of
rCiP expression and cell growth in withdrawn supernatant
samples of individual transformants (Fig. 2) showed no
differences in rCiP expression levels between Mut™ and
Mut’ early in the cultivation, but after 5 days, peroxidase
activity of Mut” progressively increased (Fig. 2A). Fig. 2B

shows the peroxidase concentration of culture media from
3 days to 10 days, and similar to changes in peroxidase
activity, peroxidase concentrations from Mut" was also
higher than from Mut® over time. Thus, from observation of
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Fig. 2. Effect of P. pastoris strains on cell growth and rCiP
production based on the AOX! promoter expression system.

A. Time course of peroxidase activity (solid line) and cell density (dotted
line) between Mut” (@) and Mut’ (A). B. Quantitative analysis of rCiP
production at different cultivation times. Filled bars, peroxidase concentration
from Mut'; empty bars, peroxidase concentration from Mut’.



Table 2. Maximum values
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Maximum cell concentration Maximum peroxidase

Types u Maximum_peroxidase Specific peroxidase activity
(ODy40) activity (U/ml) concentration (ug/ml) (Uhug)
pAOX-Mut" 333 318 39.0 8.15
pPAOX-Mut® 16.2 133 16.4 8.16
pGAP-Mut”’ 14.6 39 4.7892 8.13
pGAP-Mut® 14.3 38 4.6664 8.09

the expression of rCiP in Mut™ and Mut’, the former was
found to be superior in cell growth and peroxidase activity.

Table 2 shows the maximum cell growth, peroxidase
activities, and peroxidase concentrations, etc., in terms of
the hosts and promoters.

Comparison of rCiP Expression in Pichia pastoris by
Different Promoters

Recently, much research has been done examining the
expression of heterologous proteins under the control of
the constitutive glyceraldehyde-3-phosphate dehydrogenase
(GAP) promoter. The GAP promoter allows recombinant
protein to be expressed constitutively through the promoter of
the GAP gene, which encodes glyceraldehyde-3-phosphate
dehydrogenase. Hohenblum ef al. [11] have explained that
expression of heterologous proteins through the constitutive
GAP promoter may be superior to the methano] inducible
AOXI promoter. Thus, the type of promoter employed is
an important element in optimizing the expression of
heterologous proteins.

After cloning of rCiP into pPICZaA (40XI promoter)
and pGAPZaA (GAP promoter), the products were transformed
into P pastoris and their rCiP expression compared.
pPICZaA-rCiP transformants were grown in BMMY and
pGAPZoA-rCiP transformants in YPD at 250 rpm and
30°C. Methanol at 0.5% was added to the pPICZaA-rCiP
transformants after 24 h of culture for induction. Fig. 3
shows the effect of the different promoters in P. pastoris X-
33 (Mut"). Over time, prCiP-X increased rapidly in peroxidase
activity, whereas grCiP-X slowly decreased (Fig. 3A), and
concurrently, the peroxidase concentration showed a growing
difference between the two transformants and, at about 10
days, prCiP-X was approximately four times greater than
grCiP-X (Fig. 3B). Furthermore, similar results were observed
with KM71H (Mut®) as well as P. pastoris X-33 (Mut")
(Fig. 4). As there was a gradual depletion of the glucose
carbon source with culture progression, and GAP promoter
transformants appeared to have retarded cell growth and
expression of rCiP, additional 2% glucose was added every
3 days, such that cell growth occurred at levels similar to
the AOX promoter transformants. However, the peroxidase
activity was decreased in GAP promoter transformants, and
it appeared clear that there was a reduction of peroxidase
expression by the GAP promoter not related to depletion
of the carbon source (data not shown). P pastoris strains

containing the GAP promoter showed that there is no
difference in growth rate between Mut’ and Mut’ strains
(Figs. 3 and 4). Although P. pastoris host strains have their
different phenotypes distinguished by their specific growth
rates on methanol [25], in this case, they used the glucose
as carbon source such that their growth rate exhibited the
same trends. In other words, these results established that
the methanol inducible AOX promoter was superior to the
GAP promoter for expression of rCiP.
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Fig. 3. Effect of promoter on cell growth and rCiP production by P
pastoris X-33 (Mut").

A. Time course of peroxidase activity (solid line) and cell density (dotted
line) between the AOX! promoter (@) and GAP promoter (a). B.
Quantitative analysis of the rCiP production at different cultivation times.
Filled bars, peroxidase concentration from P pastoris X-33 the using
AOXI promoter; empty bars, peroxidase concentration from P, pastoris X-
33 using the GAP promoter.
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Fig. 4. Effect of promoter on cell growth and rCiP production by P
pastoris KM71H (Mut").

A. Time course of peroxidase activity (solid line) and cell density (dotted
line) between the AOXI promoter (@) and GAP promoter (a). B.
Quantitative analysis of the rCiP production at different cultivation times.
Filled bars, peroxidase concentration from P. pastoris KM71H using the
AOXI promoter; empty bars, peroxidase concentration from P pastoris
KM71H using the GAP promoter

There is a published example that the production of
heterologous protein is more efficient under the 40X]
than GAP promoter using P. pastoris [5, 11,23]. According
to Gasser ef al. [10], however, antibody fragments have not
been expressed under the control of the strong inducible
AOXI promoter, which may cause cellular stress by
excessive transcription, such that the production rate of
polypeptides can be rapid and interfere with correct protein
folding. Gasser et al. [10] could not achieve expression of
antibody fragments with the 4OX7 promoter, and Bibila
and Flickinger [4] considered that folding is a limiting
factor in antibody secretion in mammalian cells. In our
study, using the 40XI promoter did not cause a major
problem with the production and secretion of rCiP
proteins, but further work is needed to ascertain the protein
folding problem of CiP and to improve the production of
the peroxidase.

In the last decade, P pastoris has become one of the
favorite expression systems for the production of various

proteins of interest. This report described the functional
heterologous expression of Coprinus cinereus peroxidase
(CiP) in the methylotrophic yeast Pichia pastoris. It is well
known that P. pastoris secretes very little native protein,
providing an advantageous means to recover foreign secreted
protein from the supernatant. Thus, the S. cerevisiae a-
factor pre-pro-signal was fused to CiP ¢DNA and the
collected supernatant from the rCiP recombinant analyzed.
rCiP expression systems were constructed in P. pastoris
and the rCiP expression followed according to strain type
and kind of promoter to optimize the expression system.
Comparing the cultures and rCiP expression from P
pastoris Mut” and Mut®, the former strain showed faster cell
growth and higher peroxidase activities and concentrations.
The methanol inducible AOXI promoter exhibited superior
cell growth, peroxidase activity, and peroxidase production
in all P pastoris Mut” and Mut® strains. Therefore, to
optimize rCiP expression using P. pastoris, the expression
system of Mut under the control of the AOX] promoter
was most suitable.
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