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Abstract

The endoglucanase I (EGI) from fungus Trichoderma reesei was cloned,
expressed, and secreted from Yarrowia lipolytica using the XPR2 promoter.
The signal sequence of EGI transferred from T. reesei was efficiently pro-
cessed in the Y. lipolytica secretory pathway and directed the secretion of
active EGI into the culture medium. However, the recombinant EGI pro-
duced from YLCSIn strain was hyperglycosylated and significantly larger
than the native enzyme produced by the parent strain. The expression of EGI
using XPR2 preproregion has caused secretion of modified proteins that still
retained cellulase activity. This resulted from imprecise processing of the
N-terminus of recombinant protein. While the batch culture produced
5 mg EGI/L from YLCSIn strain, the EGI yield was increased approx 20-fold
when the fed-batch fermentation process strategy in combination with the
high-cell density cultivation technique was employed. These results showed
that the Y. lipolytica is a useful host organism for production of a large amount
of large size heterologous proteins, especially when used in combination
with high-cell density and fed-batch culture techniques.
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Introduction

Yeast has been used widely both as a model system for a study of
higher eucaryotes and as a host organism for expression of recombinant
proteins because of some advantages that yeast renders. Some benefits of
using prokaryotes include simple medium, rapid growth rate, and an
option of using a high-cell-density cultivation technique. An important
advantage of using yeast is that it takes care of posttranslational processing
and modification of heterologous proteins secreted in its subcellular com-
partments. Yeast is an attractive host organism for heterologous protein
expression because extensive and well-established genetic databases are
available and molecular biology techniques and tools have been developed
for the manipulation of yeast genes (1–5). Saccharomyces cerevisiae has been
the popular choice for this purpose. However, non-Saccharomyces yeast
strains such as Yarrowia lipolytica have been a new focus of study recently
as potential alternative host systems for production of foreign proteins
owing to their advantages in terms of greater promoter strength, relatively
high secretion capacity, and ease of applying high-cell-density culture tech-
nique to production of heterologous proteins (3,5,6).

Y. lipolytica is a dimorphic yeast, being oval-shaped in minimal
medium containing glucose and glycerol but forming mycelia in complex
medium. This yeast strain has been used for production of single-cell pro-
tein, citric acid, erythritol, and mannitol (7–10). Y. lipolytica is one of several
yeast strains currently considered as alternative hosts for heterologous
gene expression, since this strain is capable of secreting 1–2 g/L of an
alkaline extracellular protease (AEP) under optimal conditions (11). Pulse-
chase experiments with [3H]leucine were used to examine AEP secretion.
An analysis of the labeled isotopes incorporated into AEP showed that AEP
synthesis accounted for 6.9% of total protein (12). In addition, RNase, sev-
eral acid proteases, and lipase are secreted from Y. lipolytica (9). These data
strongly suggest that Y. lipolytica has a high-level secretion capability and
a potential for secreting large amounts of heterologous proteins of high
molecular weight.

The filamentous fungi Trichoderma reesei produces and secretes a cel-
lulase complex that synergistically hydrolyzes cellulose (13,14). Endo-1,4-
β-D-glucanase (endoglucanase) is one of the enzymes in the cellulase
complex family and is capable of hydrolyzing soluble and substituted cel-
lulose such as carboxymethylcellulose (CMC) and hydroxyethylcellulose
(HEC) internally and randomly (15,16). Several research groups have used
S. cerevisiae to construct the novel cellulolytic yeast for more efficient brew-
ing, baking, and wine making (17,18). Silva et al. constructed a set of vectors
to express and secrete Clostridium thermocellum endoglucanase A, and they
showed that the endoglucanase may be a suitable reporter enzyme for
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monitoring heterologous protein secretion and glycosylation in S. cerevisiae
because of its simple detection method (19).

In this paper, the expression and secretion of T. reesei EGI with heter-
ologous EGI signal sequence in Y. lipolytica under the control of strong
XPR2 promoter is described. A significant improvement of EGI productiv-
ity and secretion with recombinant Y. lipolytica strain using the fed-batch
fermentation process strategy is also presented.

Materials and Methods

Strains, Media, and Vectors

Yeast strains and plasmids used in this work are described in Table 1.
Plasmid pEndoI carries the 4.2 kb Trichoderma reesei endoglucanase I
genomic DNA at the HindIII site of pBR322. The Escherichia coli strain DH5α
(20) was used for expression vector construction and plasmid DNA propa-
gation. A derivative strain of Yarrowia lipolytica CX161-1B, SMS397A (Mat A,
ade1, ura3, xpr2), was used as the host strain for the expression vectors.

Media

The LB medium used for E. coli cultivation was prepared as described
in Sambrook et al. (21). Y. lipolytica culture was maintained on YM medium
(0.3% Bacto yeast extract, 0.3% Bacto malt extract, 0.5% Bactopeptone,
1% dextrose, and 2% agar) and cultivated in YPD medium containing yeast
extract (10 g/L), Bactopeptone (10 g/L), and glucose (20 g/L). Modified
GPP medium (22) containing 1.0% glycerol, 0.34% Difco proteose peptone,
50 mg/L adenine, and 0.34% yeast nitrogen base without amino acids and
ammonium sulfate was used as the recombinant EGI production medium.
For the first selection of Ura– transformants, minimal medium without
uracil (uracil drop-out medium) was used. Selection medium for the
transformants producing EGI was a YM plate, which was modified by
adding 0.2% hydroxyethylcellulose containing 13.5% (w/w) of covalently
linked Ostazin Brilliant Red H-3B (OBR-HEC) (Sigma Chemical Co.) (23).

Determination of Cell Concentration

Cell concentration (gram dry cell weight per liter) was measured with
a spectrophotometer (DU-50, Beckman) as the optical density at 600 nm
(OD600) and converted to the dry cell weight per liter of whole broth using
calibration data (1 OD600 unit = 0.52 g cell/L) predetermined for the Y. lipolytica
strains used.

DNA Manipulation and Transformation

The standard recombinant DNA techniques as described in Sambrook
et al. were employed for the DNA manipulation and transformation (21).
E. coli transformation was performed by the SEM method (24). Yeast trans-
formation was carried out by the lithium acetate method (25).
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Selection of Transformants Producing T. reesei Endoglucanase I
For the first selection, yeast cells transformed with expression vectors

were grown on uracil drop-out medium. The selected Ura+ transformants
were transferred onto OBR-HEC plates containing YM for the second selec-
tion. After 2 d of incubation at 28°C, the transformants producing recom-
binant T. reesei EGI and showing halos around the colonies were selected.

Construction of Expression Vectors
The modified SOE PCR (26) method was utilized to eliminate the two

introns contained in the T. reesei EGI genomic DNA of pEndoI and to con-
struct fusion between the XPR2 promoter/preproregion and the EGI cod-
ing sequence.

The primers used for the PCR are listed below.

Primer XA1: 5'-CATCCACCGGCTAGCGGAACACAG-3'
NheI

Primer ED M1: 5'-GGTACCCGGTTGCTGTCGCTTGGCATTAGAAGAAGCAGG-3'
Primer ED M2: 5'-TCTAATGCCAAGCGACAGCAACCGGGTACCAGCACCC-3'
Primer ED S1: 5'-AACTGAGGGCGCCATTGTTGGATTGGAGGATTGGAT-3'
Primer ED S2: 5'-TCCTCCAATCCAACAATGGCGCCCTCAGTTACACTGCCG-3'
Primer ED In1: 5'-TCCGGGGCCGTAGTAGCTTTTGTAGCCGCTGCCATAGGG-3'
Primer ED In2: 5'-GGCAGCGGCTACAAAAGCTACTACGGCCCCGGAGATACC-3'
Primer ED In3: 5'-AAGCTTCTAAAGGCATTGCGAGTAGTAGTCGTTGCTATAC

TGGCACGT-3'

To remove the two introns from the EGI genomic DNA, primers ED
In1, In2, and In3 were used. The primers ED S1 and ED S2 were employed
to construct the fusion between XPR2 promoter and EGI signal sequence,
and the primers ED M1 and M2 to construct the fusion between XPR2
preproregion and EGI coding sequence. The resulting PCR fragments were
cloned into pUC19 with blunt end ligation and constructed pUCM, pUCS,
and pUCCIn. The insert of pUCM contains precise fusion between the XPR2
preproregion and EGI coding sequence and the first exon of EGI. However,
pUCS carries the fusion between XPR2 promoter and EGI signal peptide.
The plasmid pUCCIn now holds the EGI gene devoid of its two introns.

One micromole of each primer and 5 U of Vent polymerase
(New England Biolabs, Beverly, MA) were used for each PCR reaction
in 100 µL total volume. The PCR reactions were performed for 25 cycles
of 1 min at 94°C, 2 min at 60°C, and 3 min at 72°C, followed by 7 min
incubation at 72°C.

Construction of Expression and Integration Vectors for T. reesei EGI
The fusion vector (pXCS) containing the XPR2 promoter, EGI signal

peptide, EGI coding sequence, and XPR2 terminator was constructed by
ligating the large fragment of the pIMR52 NheI-KpnI digest, the small frag-
ment of pUCS digested with NheI-EagI, and the small EagI-KpnI restriction
fragment of pUCCIn. Finally, the URA3 gene of pIMR100 was inserted
into pXCS as a selectable marker to create the integration vector, pXCSIn.
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To construct the second expression vector, pUCM was used instead of
pUCS, resulting in the plasmid, pXCMIn, containing the XPR2 prepro-
region instead of the EGI signal peptide. Both vectors were transformed
into Y. lipolytica SMS397A by using the lithium acetate method (25) after
linearizing it with MluI.

c-myc Epitope Tagging

The c-myc epitope tagging method was used to detect the recombi-
nant EGI in the Western blot analysis. The c-myc epitope sequence of
pTrcHis2 (Invitrogen, San Diego, CA) was transferred to the C-terminus of
the EGI coding sequence in pXCSIn and pXCMIn using the standard PCR
method. After confirming the right constructs by DNA sequencing, the
resulting plasmids were named pXCSIn(myc) and pXCMIn(myc).

SDS-PAGE and Western Blot Analysis

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) was carried out as described by Laemmli (27). After separation by
SDS-PAGE, proteins were electroblotted onto a nitrocellulose membrane
(Schleicher & Schuell, Inc., Keene, NH) in ice-cold transferring buffer
(15.6 mM Tris, 120 mM glycine, and 20% methanol, pH 8.3) at 100 V for
1 h. The first antibody for Western blot analysis was anti-c-myc antibody
that was purchased from Invitrogen. The second antibody was anti-
mouse IgG antibody conjugated with peroxidase that was purchased
from the Phototope-HRP Western Blot Detection Kit (New England
Biolabs). The manufacturer’s recommended procedure was followed for
the detection.

Endoglucanase Activity (CMCase activity)

The CMCase activity of the recombinant EGI was determined by
measuring reducing sugar concentration using the dinitrosalicylic acid
(DNS) method (14,28). The reaction was initiated by adding 0.2 mL of
enzyme solution to the 1.8 mL of reaction solution containing 1% carboxy-
methylcellulose substrate in 50 mM sodium citrate at pH 4.8. After 20 min
incubation at 50°C, 3 mL of DNS solution was added to terminate the reac-
tion. Following 5 min boiling, the absorbance at 540 nm was determined.
As a standard, glucose solution was used. One enzyme unit corresponds to
the amount of enzyme required to produce 1 µM of reducing sugar from the
substrate per minute. One unit of enzyme activity used is equivalent to
approximately 16.67 nanokatal.

Purification of Recombinant Endoglucanase I
by Affinity Chromatography

Purification of recombinant EGI secreted by Y. lipolytica was per-
formed by using the method described in Owolabi et al. (29). One gram
Avicel sample (microcrystalline cellulose, Merck, Germany) was washed
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in 20 mL distilled water and recovered by centrifugation (at 5000g for
5 min). The three times washed microcrystalline cellulose was resuspended
in the same volume of distilled water and autoclaved for 30 min at
121°C and 15 psig. The aqueous phase was replaced with buffer (4 mL/g
of 50 mM sodium citrate, pH 4.8, with 0.02% sodium azide) after washing
the Avicel twice and the Avicel was equilibrated overnight at 4°C. An equal
volume of yeast culture supernatant containing EGI and ice-cold micro-
crystalline cellulose solution were mixed and kept on ice for 3 h.

After removing the unadsorbed material by filtering twice with buffer,
the Avicel–enzyme complex was packed into a column. Recombinant EGI
bound to microcrystalline cellulose was eluted with distilled water under
gravity flow at room temperature. Endoglucanase activity was measured
for each fraction as described above.

Fed-Batch Fermentation
Fed-batch culture experiment was conducted in a 1.5 L jar fermenter

with glycerol as a limiting substrate. The temperature and pH of the culture
were maintained at 28°C and 6.8, respectively. The aeration and agitation
rates were varied from 1 to 2 vvm and 600 to 900 rpm, respectively, com-
mensurate with the oxygen requirement of the culture. The fermenter con-
taining 700 mL growth medium was inoculated with 30 mL seed culture
and initially operated under batch conditions. When the carbon source was
depleted, the operation was switched to a fed-batch culture mode. When
glycerol was completely depleted, approx 20 h had elapsed under the batch
culture condition, the feeding of growth medium to the fermenter was
initiated by turning on a peristaltic pump. Once a desired cell concentration
was obtained, the growth medium was changed to the production medium
so that recombinant EGI gene expression could be induced. In order to
maintain a high cell concentration, 25% oxygen enriched air was supplied
to the fermenter.

To control and maintain a constant cell growth rate, we used a stepwise
feeding control strategy based on the following working equation:

F = 1.5 µXV/SfYx/s

where the coefficient, 1.5, is the empirical constant for the experimental
system and operating conditions used, µ is the specific growth rate (con-
trolled at 0.1 h–1), X is the cell concentration, V is the working culture vol-
ume, Sf is the limiting substrate concentration in the feed medium, Yx/s is the
cell yield coefficient (0.5, for the given set of experimental conditions and
the yeast recombinant strain used), and F is the medium feed rate.

Results and Discussion

Expression and Secretion of EGI in Y. lipolytica

The transformants were initially selected using uracil dropout plates
and then patching onto OBR-HEC-containing YM plates (23). The forma-
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tion of halos around the colonies after 1 or 2 d of incubation was used as a
confirmatory test for the endoglucanase activity (Fig. 1). The integration of
expression vector into genomic DNA of recombinant strains was confirmed
by Southern blot analysis (data not shown). Figure 1 shows that the
transformants harboring either pXCSIn or pXCMIn produced and secreted
the active form of the recombinant enzyme EGI. This result was also con-
firmed by detecting endoglucanase activity in the supernatant of shake
flask culture. Transformants containing pXCSIn or pXCMIn were named
YLCSIn (Y. lipolytica harboring pXCSIn) and YLCMIn, respectively. The
plate assay showed that the YLCMIn strain produced less recombinant EGI
than YLCSIn (Figs. 1 and 2). Determination of endoglucanase activity in
flask culture revealed that YLCSIn (1.18 U/mL) produced approximately
three times the recombinant EGI than YLCMIn (0.44 U/mL) (Fig. 2). The
specific production rate of EGI was estimated as 15 and 7.5 U of enzyme
per g dry cell per hour for YLCSIn and YLCMIn, respectively.

This result shows that the native EGI signal peptide is recognized in
the secretory pathway of Y. lipolytica and the EGI is efficiently secreted.
In addition, it was found that the native signal peptides of heterologous
proteins (EGI and rice α-amylase) have lead to a significantly higher secre-
tion in Y. lipolytica than the XPR2 preproregion (30). Based on these results,
the expression and secretion of heterologous proteins with these signal
peptides in Y. lipolytica were confirmed.

The promoter and preproregion of alkaline extracellular protease
(AEP) encoded by the XPR2 gene were used to secrete heterologous pro-

Fig. 1. Y. lipolytica host and transformants grown on OBR-HEC-containing YM plate.
1, Host Y. lipolytica (SMS397A); 2, YLCSIn; 3, YLCMIn.
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teins in Y. lipolytica (30–34). Because the XPR2 signal peptide is not effective
in directing secretion of some foreign proteins in Y. lipolytica (30,33), two
expression vectors for T. reesei EGI secretion were constructed: (1) XPR2
promoter-XPR2 preproregion-EGI coding sequence-XPR2 terminator and
(2) XPR2 promoter-EGI signal peptide and coding sequence-XPR2 termi-
nator. It was necessary to remove two introns from the T. reesei EGI genomic
DNA (4.2 kb insert at HindIII site of pEndoI) for protein expression and
secretion.

Although the XPR2 preproregion leads to EGI secretion, the recombi-
nant protein (45 kDa) produced was different from that secreted from
YLCSIn strain. Since the myc epitope was tagged at the C-terminus of EGI,
this fragment cannot be the proteolytic product cleaved at the C-terminus
of this protein. Instead, an altered processing may account for the differ-
ence between the recombinant EGI secreted by YLCSIn and YLCMIn. The
fusion protein between XPR2 preproregion with rice α-amylase and other
foreign protein caused imprecise processing at the Kex2p cleavage site and
led to the wrong N-terminal amino acid in the secreted heterologous
protein (30,33).

Morphology

When T. reesei EGI was expressed in S. cerevisiae, the cell morphology
in terms of cell shape and volume was altered. The cell volume of recom-
binant was approximately three times greater and the cell shape was
irregular as compared to the control strain, SMS397A (35). However, no

Fig. 2. Growth and production of endoglucanase I by recombinant Y. lipolytica in the
batch culture. (�) cell density (absorbance at 600 nm) for YLCMIn strain; (�) cell density
(absorbance at 600 nm) for YLCSIn strain enzyme activity; (�) endoglucanase activity
(U/mL) for YLCMIn strain; (�) endoglucanase activity (U/mL) for YLCSIn strain.
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significant difference in growth rate, cell shape, or cell volume between the
EGI producing strains (YLCSIn and YLCMIn) and the control strain of
Y. lipolytica was detected in the production medium.

Characterization of the Recombinant EGI
T. reesei endoglucanase I (EGI) was successfully expressed and secreted

in Y. lipolytica using the signal peptide of EGI. However, the secreted EGI
has a higher molecular weight compared to the native enzyme from T. reesei,
but similar to the recombinant EGI in S. cerevisiae. The main band was
detected at 66 kDa with faint smears above the band, indicating a
hyperglycosylated protein was also produced (Figs. 3 and 4). The endo-H
treatment removed hyperglycosylation and altered the molecular weight
of the protein from 66 kDa to 55 kDa (Fig. 3, lane 4). These results suggest
the difference in the degree of glycosylation between native and recombi-
nant EGI. When T. reesei EGI was expressed in S. cerevisiae, Van Arsdell et al.
and Penttila et al. observed two main bands of about 70 kDa with hetero-
geneous smears and these bands were retained after endo-H treatment
(35,36). These results indicated that there were alternate sites of glyco-
sylation in the EGI enzyme that have different susceptibilities to endo-H.
However, the recombinant EGI produced from YLCSIn did not show two
heterogeneous bands (Fig. 3). This observation suggests that there exist
similarities in hyperglycosylation and differences in the types of glyco-
sylation between Y. lipolytica and S. cerevisiae in their secretory pathways.

The recombinant EGI produced by YLCSIn was purified using cellu-
lose (Avicel) affinity chromatography. Figure 3 shows that the molecular
weight of secreted recombinant EGI is about 66 kDa, which is larger than
the native EGI enzyme (55 kDa) secreted by T. reesei (35). However, it is
similar to the recombinant EGI produced by S. cerevisiae, which showed
two thick bands at approximately 70 kDa with a smear indicating a
hyperglycosylation (35,36). After removal of N-linked glycosylation using
Endo-H treatment, the EGI band was shifted from 66 kDa to 55 kDa (Fig. 3,
lane 4). In addition, SDS-PAGE revealed a smear above the recombinant
EGI band (Fig. 3). To determine whether this was due to hyperglycosylation
of EGI or an experimental background, Western blot analysis was per-
formed. It has been reported that the construction of epitope-tagged pro-
tein for immunolocalization and immunopurification in yeast system was
observed (37). We have applied myc epitope tagging to detect the recom-
binant EGI in the Western blot analysis. The vectors prepared, pXCSIn(myc)
and pXCMIn(myc), were transformed into Y. lipolytica, and enzyme assays
of recombinant strains showed that the myc epitope did not affect
endoglucanase activity (data not shown). The hyperglycosylation of
recombinant EGI produced from YLCSIn was determined using Western
blot analysis. It revealed a smear above the 66 kDa band (Fig. 4, lane 2).

A Western blot analysis of supernatant sample from the YLCMIn
culture revealed a 45 kDa band. A 48 kDa band was observed in the super-
natant sample of EGI-producing S. cerevisiae culture (35). Penttila et al.
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assumed that this band was the proteolytic product of EGI that was
homologous to cellobiohydrolase I (CBHI) and contains a site susceptible
to proteolytic cleavage in the proximity to C-terminus (35). However, this
is unlikely in Y. lipolytica because the myc epitope was tagged at the end of

Fig. 3. SDS-PAGE analyses of recombinant endoglucanase I produced by YLASIn.
MW, molecular weight marker; lane 1, culture supernatant of host strain; lane 2, cul-
ture supernatant of recombinant strain (YLCSIn); lane 3, affinity purified recombinant
fungal endoglucanase I secreted by YLCSIn; lane 4, endo-H treated recombinant
endoglucanase I. In lanes 1 and 2, samples were prepared by concentrating the culture
supernatant 10-fold with TCA precipitation before loading (10 µL). In lanes 3 and 4,
approximately, 0.65 mg samples were loaded.

Fig. 4. Western blot analysis of recombinant endoglucanase I secreted by YLCSIn
and YLCMIn. Lane 1, culture supernatant of SMS397A; lane 2, culture supernatant of
YLCSIn; lane 3, culture supernatant of YLCMIn. 10 µL of 10-fold concentrated culture
supernatant was loaded in each lane.
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the C-terminus of EGI. If the proteolytic cleavage occurred at this site, the
recombinant EGI cannot be detected with Western blot analysis. Although
several attempts were made to analyze the amino acid sequence of the
N-terminus of this fragment to determine imprecise cleavage between
XPR2 proregion and EGI coding sequence, the sequence analysis could
not be carried out since it was blocked just as some proteins of plant origin
are. Gaillardin et al. and Park et al. suggested an imprecise cleavage
between XPR2 preproregion and some heterologous proteins due to its
improper posttranslational processing in the secretion pathway. A differ-
ent N-terminal amino acid sequence of secreted protein from Y. lipolytica
was reported (30,33).

Production of EGI with Batch and Fed-Batch Fermentation
The profiles of cell growth and EGI productivity in terms of the

CMCase activity for YLCSIn and YLCMIn recombinant strains were com-
pared using shake flasks. Figure 2 shows that YLCSIn secreted EGI 3 times
more than YLCMIn. This result and our previous data (30) showed that the
XPR2 preproregion is somewhat less efficient in directing recombinant
protein secretion in Y. lipolytica than heterologous protein signal peptides
(e.g., rice α-amylase and T. reesei EGI).

Chang et al. successfully improved the recombinant rice α-amylase
production by 28-fold in Y. lipolytica using the fed-batch fermentation tech-
nique (6). To test the feasibility of improving EGI productivity, perfor-
mance of fed-batch culture with the EGI producing recombinant YLCSIn
was evaluated. During the growth phase up to about 36 h, the EGI produc-
tion level was less than 1 U/mL, since the XPR2 promoter was repressed by
a nitrogen source, (NH4)2SO4 (Fig. 5). When the cell concentration reached
30 g/L, approx 36 h culture time, the growth medium was switched to the
production (or induction) medium and fed-batch mode of operation started
for production of recombinant EGI. After the induction, EGI production
continued at a constant rate for about 1 d fed-batch cultivation period.
The final cell concentration and EGI activity obtained were 86 g/L and
22.6 U/mL, respectively. Compared with batch culture, the EGI productiv-
ity in terms of the final enzyme concentration was increased by 19-fold. The
specific production rates of EGI from YLCSIn in the batch and fed-batch
cultures were estimated and found comparable, 15.0 and 15.3 U of enzyme
per g dry cell per hour, respectively. The result demonstrated that the fed-
batch fermentation technique can be employed to significantly increase the
productivity of heterologous protein in recombinant Y. lipolytica.

With YLCSIn, about 5 and 100 mg/L of recombinant EGI was pro-
duced in shake-flask culture and in fed-batch culture, respectively. The EGI
productivity in Y. lipolytica is significantly higher than that observed in
S. cerevisiae, which secreted about 0.66 mg/L of EGI with 2 µ-based vector
(35). Three kinds of vectors have been developed to express heterologous
genes in Y. lipolytica: autonomously replicating sequence (ARS)-based,
single copy integration, and multi-copy integration vector (33,38). When
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vectors containing the ARS sequence were used to produce alkaline extra-
cellular protease (AEP), porcine α1-interferon, and bovine prochymosin
under the control of the XPR2 promoter, a two- to sixfold increase in protein
production was observed as compared to using a single copy integra-
tion vector system (34). Recently, Ledall et al. developed several integra-
tion vectors that have average copy numbers of 5, 12, or 25–60 (38). Since the
YLCSIn strain has a single copy integration vector, there is a strong possi-
bility of improving EGI production by employing the ARS-based replicate
or multiple integration vectors.

Conclusion

We have demonstrated a potential feasibility of using Y. lipolytica as a
yeast host system for foreign protein secretion. As an example, the recom-
binant EGI is secreted into the culture medium as an active form and
detected on the media plates, suggesting that this enzyme can be used as an
attractive reporter molecule in Y. lipolytica. Also, the fed-batch bioprocess
control strategy was successfully applied to significantly increase the pro-
ductivity of EGI in recombinant Y. lipolytica.
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