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Expression and Secretion of Heterologous Protein in Yeast
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To investigate the expression and the secretion of heterologous proteins in yeast, we
constructed an yeast secretion vector and produced a human secretory protein, a l-antitrypsin
(2 1-AT), from yeast cells. The secretion vector pGAT8 was constructed by inserting the signal
sequence of yeast acid phosphatase gene (PHOS) into the o 1-AT expression vector pGAT6
which contained @ 1-AT ¢DNA fused to GAL10-CYC1 promoter. The o 1-AT was produced
efficiently in the yeast cells transformed with plasmid pGATS, which was confirmed both by
the o 1-AT activity assay and by the immunoblot method using ¢ 1-AT antibody. We also showed
the secretion of a 1-AT into the culture media and into the periplasmic space by immunoblot.
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Yeast has been considered as an attractive host
organism for the efficient expression of
recombinant eucaryotic genes and the protein

secretion. A number of human proteins of
medical importance (for example, immuno-
globulin, transferrin, al-antitrypsin,  growth

hormone, trypsin, chymotrypsin, etc.) are secretory
proteins and become glycosylated and post
translationally processed to be active and mature
forms. For the production of these secretory
proteins, it is desirable to develop an heterologous
gene expression and secrction system in yeast
where secretion and glycosylation occur as in
other higher eucaryotic cells and the secretion
pathway has been thoroughly characterized both
genetically and biochemically (7. 8).

To develop a good system for the expression
and the sccretion of heterologous proteins in
yeast, we used human a l-antitrypsin (a 1-AT) as
a model protein. 2 1-AT is a 394 amino acid
glycoprotein which is primarily synthesized and
glycosylated in the liver and is secreted into
plasma. a 1-AT is an inhibitor of serine proteases
and its major physiological function is to inhibit
neutrophil elastase in the lung (I). Genetic
deficiencies in a l-AT concentration in blood
cause life-threatening emphysema.

Previously we developed an yeast expression
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system of al-AT by constructing an al-AT
expression vector and a suitable host yeast strain
(4). In our present study, we constructed an «1-
AT secretion vector by employing a signal
sequence of yeast acid phosphatase gene (PHOSY)
and succeeded in a 1-AT production and secretion
from yeast cells.

MATERIALS AND METHODS

Strains and plasmids

The yeast strain used in this study is
Saccharomyces cerevisiae KY8 (MATa, ura3-52, lys2-
8§01, ade6 or 2, Gal*) which was described
previously (4). Escherichia coli IM109 [recAl, endA
1, gyrA96, thi, hsdR17, supE44, reldl, strd. sbcBA
(lac, proAB), F (traD36, proAB, lacli, lacZ MI5)]
was used for bacterial transformation and plasmid
growth. Plasmids pGAT6 and pGAT7 were
described previously (4).
Media and growth conditions

Yeast media and culture conditions were as
described by Sherman et al. (9). YEPD contained
1% yeast extract, 2% peptone and 2% dextrose.
YNB contained 0.67% yeast nitrogen base w/o
amino acid and 2% dextrose. SC-Ura is a
synthetic copmlete medium without uracil (YNB
with all amino acids added except uracil). SC-Ura
was used for the cultivation of strain KYS§
harboring plasmid. Galactose (2%) was added
instead of glucose in case of induction with
galactose.
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Transformation and DNA manipulation techniques

Yeast transformation was performed by the
lithium acetate method (2) and E coli trans-
formation was by the method of Mandel and
Higa (5). Plasmid DNA from E. coli was isolated
by the modified method of alkaline lysis (6).
Restriction endonuclease analysis and agarose gel
elctrophoresis were carried out as described in
Maniatis et al (6).
Preparation of crude yeast cell extracts

Strain KY8 harboring plasmid pGAT6, pGAT?7,
or pGAT8 was grown in SC-Ura containing
glucose and was subsequently transferred to either
galactose or glucose medium. Fifty milliliters of
yeast culture (O.D.qn=1.0) was harvested, washed,
and resuspended in 200 u/ of assay buffer (0.1 M
TrissHCI, pH 80. 05M NaCl). This cell
suspension was treated with 045 g of glass beads
for the cell-lysis and centrifuged at 15,000 rpm for
20 minutes. The supernatants were saved for the
enzyme assay.
Assay for the a 1-AT activity

The activity of a 1-AT was measured as elastase
inhibitory activity. The assay was performed with
slight modification on the method of Travis and
Johnson (12). Fifty microliters of elastase (0.18
mg/m/) and the inhibitor (cell extracts or @ I-AT)
were mixed in the assay buffer to make a volume
of 500 u/ and were incubated for 1 min. Twenty
microliters of 40 mM substrate, succinyl-(L-alanyl)
3-p-nitroanilide. and 480 u!/ of assay buffer were
added and mixed well. The increase in absor-
bance at 410 nm was measured for 1 min. The
human ¢ I-AT, porcine elastase, and succinyl-(L-
alanyl);-p-nitroanilide were purchased from Sigma
Chemical Company.
Immunoblot

SDS-polyacrylamide gel electrophoresis was
carried out as the method of Laemmli (10) and
immunoblot procedure was essentially same as
that of Towbin er al. (11). Total yeast proteins for
electrophoresis were isolated by precipitation with
trichloric acid (TCA) after lysis with glass beads.
Anti-a I-AT rabbit antibody and peroxidase-
conjugated anti-rabbit IgG goat antibody were
purchased from Sigma Chemical Company.
Cell fractionation for secretion assay

Fifty milliliters of yeast culture grown to log
phase (O.D.q=1.0) was centrifuged at 5000 rpm
for Smin. The supernatant was concentrated to
4m/ by ultrafiltration and saved as media
fraction. Cells in the precipitant were resuspended
in 4 m/ of solution (12.5 mM Tris-HCI, 5 mM NaN
5. L4 M sorbitol, 25 mM phosphate buffer) and
8 u! of f-mercaptoethanol and 20 u! of zymolyase
(100T, Kirin Company) solution (2 mg/m/) werc
added subsequently. After incubation at 30°C for
1 hr, this cell mixture was centrifuged at 2,000 rpm
for 5Smin. The supernatant was saved as
periplasmic fraction and the precipitant was used
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Signal Sequence

Ser Val Val Tyr Ser Ile Leu Ala Ala Ser Leu Ala Asn Ala Glu

5' GATCT GTT GIT TAT TCA ATT TTA GCC GCT TCT TTG GOC AAT GCA GAG 3
3 A CAA CAA ATA AGA TAA AAT CGG CGA AGA AAC 0GG TTA CGT CTC CTAG 5'

Fig. 1. Construction of a secretion vector, pGATS.
Plasmid pGAT6 contained 1.3 kb BamHI-
Smal restriction fragment of a1-AT ¢cDNA
fused to the GAL10-CYCI hybrid promoter
(4. A secretion vector pGAT8 was con-
structed by inserting a synthetic oligonu-
cleotide encoding the signal sequence of yeast
acid phesphatase (PHOS) at a unique BamHI
site of plasmid pGAT6. Plasmid pGAT7 is
al-AT  expression vector derived from
plasmid pGAT6 by removing the BamHI site
with SI nuclease to adjust the reading
frame.

as internal fraction after being resuspended in cell
lysis butfer (1% Triton X100, 25 mM Tris-HCI, pH
7.5) or electrophoresis sample buffer.

RESULTS AND DISCUSSION

Construction of o 1-AT secretion vector

The efficiency of protein secretion in yeast is
known to be governed primarily by the amino-
terminal signal sequences found in precursors of
secreted proteins (3). Therefore. to direct a
secretion of heterologous protein from yeast cells,
we constructed a secretion vector in such a way
that a signal sequence of a known yeast secretory
protein could be located at the amino-terminal
of the heterologous protein. Plasmid pGAT6
constructed in a previous work (4) carries 1.3 kb
BamHI-Smal restriction fragment of al-AT
CDNA under the regulation of the GAL10-CYC]
hybrid promoter and has a unique BamHI site
between the translation initiation codon and the
first amino acid codon of the mature form of ¢ |-
AT (Figurc 1). The coding region of al-AT in
pGAT6 is out of frame with the initiation
methionine codon. Plasmid pGAT7 is the a I-AT
expression vector in which the reading frame was
adjusted by using S1 nuclease (4). To construct
a I-AT secretion vector. we inserted the signal
sequence of yeast acid phosphatase gene (PHOS5)
at BamHI site of pGAT6. producing GAL/PHOS/
a1-AT fusion gene. The PHOS signal sequence
used in this study was a DNA oligonucleotide
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Table 1. Synthesis of a 1-AT assayed by the inhibition
of elastase activity

Cell extract % of Elastase

%

(100 1) OD*  ctivity remained
Control 0.375 100.0
pGAT6(glu) 0.305 813

(gal) 0325 R6.6
pGAT(glu) 0.356 94.9

(gal) 0.205 546
pGATS(glu) 0.290 773

(gal) 0.167 445

*OD value indicates the elastase activity assayed by
measuring the increase in absorbance of the reaction
mixture at 410 nm for | min.

of 47 bp which was synthesized according to the
known amino acid sequence. The secretion vector
with GAL/PHOS/a 1-AT fusion gene was named
as pGATS.

Synthesis of « 1-AT by the secretion vector

Yeast strain KY8 was transformed with the
secretion vector pGATS and was induced in
galactose medium in order to examine the
expression of a1-AT in yeast cells. The crude
yeast cell extracts were prepared for the a l-AT
activity assay. As summarized in Table 1, cell
extracts prepared from yeast strain carrying
plasmid pGAT8 grown under the induced
condition (galactose medium) inhibited about 55%
of the elastase activity. Cell extracts from the same
strain grown under the uninduced condition
(glucose medium) showed about 80% of elastase
activity. indicating that the inhibition was
negligible. Cell extracts from the strain carrying
the control plasmid pGAT6 grown under either
the induced or the uninduced condition also
showed 80-90% of clastase activity. These results
suggest that the newly constructed secretion
plasmid pGATS8 were efficient in production of
human a l-AT in yeast cells. According to the
a I-AT activities in Table 1 and the results from
our repeated experiments, the a I-AT expression
by plasmid pGATS seemed to be at the almost
same level as or at a slightly higher level than
that of the previously reported expression plasmid
pGAT7.

To examine the production of al-AT
polypeptides by the secretion vector, total proteins
isolated from the cell extracts were separated on
SDS-polyacrylamide gel electrophoresis and
analyzed by the immunoblot method using
antibodies to human a I-AT (Figure 2). Plasmid
pGATS expressed polypeptides of 44 kDa under
the induced condition but not under the
uninduced condition. The 44kDa protein
produced by pGATS was similar in size to that
produced by pGAT7. However, the amount of
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Fig. 2. /mmunoblor showing the synthesis of a 1-AT
by the secretion vector.
Lanes contain total proteins prepared from
yeast culture grown either in glucose medium
(Glu. uninduced condition) or in galactose
medium (Gal, induced condition). Lane 1.
authentic human a1-AT : lanes 2 and 3,
proteins from a strain carrying the control
plasmid pGAT6; lanes 4 and 5, proteins from
a strain carrying the expression plasmid
pGATT; lanes 6 and 7, proteins from a strain
carrying the sccretion plasmid pGATS.

polypeptides produced by pGATSE scemed to be
greater than that by pGAT7. These results are in
good agreement with the results of the activity
assay. We assume that the a 1-AT expression by
plasmid pGATS8 was more efficient than that by
plasmid pGAT7. The control vector pGAT6
showed no protein band under both induced and
uninduced conditions.
Secretion of o 1-AT from yeast cells

We asked if a1-AT produced by the secretion
vector pGAT8 was secreted from yeast cells to
the culture media or the periplasmic space. The
yeast culture grown under the induced condition
was fractionated to the culture media, the peri-
plasmic space. and the internal fraction. When
the presence of al-AT in each fraction was ex-
amined by the immunoblot using «l-AT anti-
body. we could observe in the medial and the peri-
plasmic space fractions a protein band of the
same molecular weight as that in the internal
fraction (Figure 3). However, when the « 1-AT
activity was measured in each fraction. the activity
was detected only in the internal fraction. We
assume that a small portion of o 1-AT synthesized
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Fig. 3. /mmunoblot showing the secretion of a 1-AT
by the secretion plasmid.
Yeast cultures grown under the induced
condition were fractionated to the culture
media (M), the periplasmic space (P), and the
internal fraction (I). Lanes 1, authentic
human «a 1-AT; lanes 2-4. cell fractions from
a strain carrying the expression plasmid
pGAT7. lanes 5-10, cell fractions from a
strain carrying the secretion plasmid pGATS,
lanes 5-7 and lanes 8-10 are results from two
independent experiments.

was secreted into the culure media and into the
periplasmic space, which can be shown by the
immunoblot. For the activity assay, the procedure
itsell requires large a amount of a1-AT in the
reaction mixture and the amount of secreted
protein was not enough to sec the prescnce of
the enzyme activity as compared to that of the
internal fraction. Cell fractions prepared from
yeast strain carrying the expression plasmid
pGAT7 did not show the al-AT protein band
cither in the media nor in the periplasmic space,
indicating the specificity of the secretion signal.

Since the yeast acid phosphatase is normally
targeted to the plasma membrane, the al-AT
fused to the PHOS secrction signal was expected
to be secreted mainly to the periplasmic space.
However, we achieved secretion of « 1-AT from
yeast cells into the media as well as in the
periplasmic space. The migration of secreted « 1-
AT in the SDS-PAGE gel was almost same as
that of internal «1-AT and was faster than
purified authentic human «1-AT. This result is
probably due to the lack of glycosylation. The
polypeptides went through the yeast secretion
pathway but may have not been subjected to the
glycosylation process. We are currently in the
process of constructing secretion vectors using
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various other secretion signals in order to increase
the efficiency of secretion and to get active
proteins with proper postranslational modi-
fications.
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