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Abstract

We constructed a novel system for periplasmic localization of target proteins, using yeast external invertase (INV) as anchor protein, in
which the C- or N-terminal of the target protein was fused to the invertase and the fusion proteins expressed under the control of the constitutive
glyceraldehyde-3-phosphate dehydrogenase promoter (GAPDH). Unlike in conventional cell-surface display, the system enables the target
fusion protein to localize in yeast periplasm in a free state. As a mode!, enhanced green fluorescence protein (EGFP) was localized in yeast
periplasm using the new system. Yeast-periplasm localization of INV-EGFP and EGFP-INV fusion proteins was confirmed by fluorescence
microscopy and immunoblotting: green fluorescence was observed at the cell outline and, in western blot analysis, most fusion proteins were
detected in the cell-surface fraction, indicating that the fusion proteins had been transported to the cell-surface layer. In addition, in both C-
and N-terminal fusion, invertase showed activity, indicating dimer formation. These results demonstrate that invertase is a useful anchor for
localizing target protein in the yeast periplasm,
© 2004 Elsevier B.V. All rights reserved,

Keywords: Saccharomyces cerevisiae; Periplasm; Invertase; Enhanced green fluorescence protein; Fusion protein

1. Introduction of the Flol gene [3]. In addition to the cell wall, the
periplasm, which is the space between the cell wall and
Cells that display enzymes on their surface can be used the plasma membrane, is also advantageous for localizing
as whole-cell biocatalyst, and systems for display of het- target proteins. For instance, a whole-cell biocatalyst can
erologous proteins on the yeast cell-surface have therefore achieve high activity through accumulation of enzyme in
recently been widely studied [1-5]. By combining the dis- the periplasm layer, as such an arrangement circumvents
played enzymes with a metabolic pathway, it is possible to the problem of substrate diffusion through the periplasm
catalyze sequential reactions. For example, a yeast display- membrane, Moreover, by combining this novel periplasmic
ing endoglucanase II and B-glucosidase on the cell-surface localization system with widely used cell-surface display
can produce ethanol directly from cellulosic materual [5]. systems, it will be possible to localize more enzymes
Yeast-based cell-surface display systems have the advan- in the cell-surface layer, namely outside of the plasma
tages of safety, simplicity of genetic manipulation, and rigid- membrane.
ity of cell-surface structure. In the present study, we developed a novel cell-surface lo-
In widely used cell-surface display systems, the tar- calization system based on the invertase (B-p-fructofurano-
get protein is immobilized on the cell wall using the side fructohydrolase, E.C.3.2.1.26; INV) from Saccha-
glycosylphosphatidylinositol (GPI)-anchor attachment sig- romyces cerevisige. Since yeast external invertase localizes
nal sequence [6] or the flocculation functional domain in the periplasm (7,8), it is possible to localize target pro-

tein in the periplasm using invertase as an anchor protein.

* Corresponding author. Tel.: +81-78-803-6196; Enhanced green ﬂ.uoresc.ence protein (EGFP) was CI.IOSEII

fax; +81-78-803-6206. as the target protein, as it allows localization to be visual-
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to investigate whether these latter could be used to achieve
periplasmic localization of the protein.

2. Experimental
2.1, Strains and media

Escherichia coli NovaBlue (Novagen Inc., Madison, W1,
USA) was used as the host strain for recombinant DNA ma-
nipulation. The SUC2 gene was cloned from S. cerevisiae
ATCCO0715 (MATa FLOS8 his4 leu2-3 leu2-112 STAD).
S. cerevisiae MT8-1 (MATa ade his3 leu2 trpl ural3) was
used for production of INV/EGFP fusion proteins. E. coli
was cultivated in LB medium (1% tryptone, 0.5% yeast
extract, and 0.5% sodium chloride) containing 100 pg/m!
ampicillin. Yeasts were grown in complete medium (YPD:;
1% yeast extract, 2% peptone, 2% glucose) or selective
medium (SD: 0.67% yeast nitrogen base supplemented with
appropriate amino acids and nucleotides, 0.5% glucose). For
plate medivm, 2% agar was added.

2.2, Construction of expression plasmids

2.2.1. Construction of plasmid pWGP3-SUC2 for
expression of SUC2

SUC2 was amplified from S. cerevisiae ATCC60715 chro-
mosomal DNA by polymerase chain reaction (PCR) with
the following primers: SUC2-fw-Sacl (5'-atcggagetcATG-
CTTTTGCAAGCTTTCCTTTTCCTTTTG-3') and SUC2-
rev-Sall (5'-cgatgtegacCTATTTTACTTCCCTTACTTGG-

AACTTGTC-3'). PCR was carried out using pfi hotstart
turbo polymerase (Stratagene Cloning Systems, La Jolla,
CA, USA). The amplified fragment was digested with
Sacl and Sall and inserted into the Sacl and Sall site of
pWGP3 [9] (Fig. 1a). The resulting plasmid was named
pWGP3-SUC2 (Fig. 1b).

2.2.2. Construction of plasmid pWGP3-ES for expression
of EGFP-INV fusion protein

The secretion signal sequence and mature region of SUC2
were amplified from 8. cerevisiae ATCC60715 chromosomal
DNA by PCR with the following primers: SUC2-fw-Sacl
and SUC2(signal)-rev-Bglll-ctc-sall (5'-cgatgicgacgagagat-
ctTGATGCAGATATTTTGGCTGC-3') for the secretion
signal of SUC2; and SUC2(mature)-fw-sall (5'-atcggtcgac-
ATGACAAACGAAACTAGCGATAGACCTTTG-¥) and
SUC2-rev-sphI-Xhol (5'-cgatctcgaggeatgcCTATTTTACT T
CCCTTACTTGGAA-3) for the mature region of SUC2.
The amplified fragments were digested with Sacl and
Sall, and with Sall and Xhol, respectively. First the frag-
ment encoding the secretion signal sequence of SUC2 was
inserted into the Sacl and Sall site of pWGP3 (named
pWGP3-S}), and then the fragment encoding the mature
region of SUC2 into the Sall and Xhol site of the plas-
mid. The resulting plasmid was named pWGP3-SS. The
gene enceding EGFP (EGFP) was amplified from pEGFP
(Clontech Laboratories Inc., Palo Alto, CA, USA) by PCR
with the following primers: EGFP-fw-Bglll (5'-atcgagatct-
ATGGTGAGCAAGGGCGAGGAGCTGTTCACC-3) and
EGFP(n)-rev-Sall (5'-cgatgtcgacCTTGTACAGCTCGTC-
CATGCCGAGAGTGAT-3"). The amplified fragment was

{c)

()

Fig. 1. Contro! plasmid (a, pWGP3) and plasmids for expression of INV (b, pWGP3-SUC2), EGFP-INV fusion protein (¢, pWGP3-ES), and INV-EGFP

fusion protein (d, pWGP3-SE}.
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