This article was downloaded by: [Lehigh University]

On: 13 December 2014, At: 06:25

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer
House, 37-41 Mortimer Street, London W1T 3JH, UK

Bioscience, Biotechnology, and Biochemistry

Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/tbbb20

Characterization of Recombinant Yeast Exo-p-1,3-
Glucanase (Exg 1p) Expressed in Escherichia coli
Cells

Kanako SUZUKI?, Tomio YABE?®, Yutaka MARUYAMA?, Keietsu ABE* & Tasuku NAKAJIMA®

® Divison of Applied Life Science, Graduate School of Agricultural Science, Tohoku
University
Published online: 22 May 2014.

To cite this article: Kanako SUZUKI, Tomio YABE, Yutaka MARUYAMA, Keietsu ABE & Tasuku NAKAJIMA (2001)
Characterization of Recombinant Yeast Exo-p-1,3-Glucanase (Exg 1p) Expressed in Escherichia coli Cells, Bioscience,
Biotechnology, and Biochemistry, 65:6, 1310-1314, DOI: 10.1271/bbb.65.1310

To link to this article: http://dx.doi.org/10.1271/bbb.65.1310

PLEASE SCROLL DOWN FOR ARTICLE

Taylor & Francis makes every effort to ensure the accuracy of all the information (the “Content”) contained
in the publications on our platform. However, Taylor & Francis, our agents, and our licensors make no
representations or warranties whatsoever as to the accuracy, completeness, or suitability for any purpose of
the Content. Any opinions and views expressed in this publication are the opinions and views of the authors,
and are not the views of or endorsed by Taylor & Francis. The accuracy of the Content should not be relied
upon and should be independently verified with primary sources of information. Taylor and Francis shall

not be liable for any losses, actions, claims, proceedings, demands, costs, expenses, damages, and other
liabilities whatsoever or howsoever caused arising directly or indirectly in connection with, in relation to or
arising out of the use of the Content.

This article may be used for research, teaching, and private study purposes. Any substantial or systematic
reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or distribution in any

form to anyone is expressly forbidden. Terms & Conditions of access and use can be found at http://
www.tandfonline.com/page/terms-and-conditions



http://www.tandfonline.com/loi/tbbb20
http://www.tandfonline.com/action/showCitFormats?doi=10.1271/bbb.65.1310
http://dx.doi.org/10.1271/bbb.65.1310
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Lehigh University] at 06:25 13 December 2014

Biosci. Biotechnol. Biochem., 65 (6), 1310-1314, 2001

M3

Characterization of Recombinant Yeast Exo-£-1,3-Glucanase (Exg 1p)

Expressed in Escherichia coli Cells

Kanako Suzuki, Tomio YaBE, Yutaka Maruvyama, Keietsu ABe and Tasuku Nakajma®

Divison of Applied Life Science, Graduate School of Agricultural Science, Tohoku University, Sendai,

981-8555, Japan

Received November 22, 2000; Accepted January 30, 2001

Yeast exo-f-1,3-glucanase gene (EXGI) was ex-
pressed in Escherichia coli and the recombinant enzyme
(Exglp) was characterized. The recombinant Exglp had
an apparent molecular mass of 45 kDa by SDS-PAGE
and the enzyme has a broad specificity for f-1,3-link-
ages as well as f-1,6-linkages, and also for other f-
glucosidic linked substrates, such as cellobiose and
pNPG. Kinetic analyses indicate that the enzyme prefers
small substrates such as laminaribiose, gentiobiose, and
pNPG rather than polysaccharide substrates, such as
laminaran or pustulan. With a high concentration of
laminaribiose, the enzyme catalyzed transglucosidation
forming laminarioligosaccharides. The enzyme was
strongly inhibited with high concentrations of lamina-
ran.

Key words: exo-f-1,3-glucanase gene (EXG I); Sac-
charomyces cerevisiae; recombinant exo-
fS-1,3-glucanase (Exglp)

Glucans containing f-1,3-linkages are the main
structural components responsible for the strength
and integlity of yeast cell walls. The dynamic struc-
tural reorganization of cell wall structure during the
morphogenetic process may require the concerted ac-
tion of enzymes capable of breaking existing bonds
and forming new covalent bonds in a highly con-
trolled process."? $-1,3-glucanases are located in the
fungal cell wall and may be important in wall
metabolism during growth and morphogenesis.>?
EXGI1 encodes the major exo-f-1,3-glucanase of
yeast, Saccharomyces cerevisiae® and an EXGI dele-
tion mutant showed marked resistance to yeast killer
toxin.® The S. cerevisiae EXGI product (Exglp) has
not been well characterized.”®?

To know the precise enzymatic properties and
function of Exglp, Saccharomyces cerevisiae EXG1
was expressed in Escherichia coli cells and the recom-
binant enzyme was purified and characterized.

Materials and Methods

Materials. DNA restriction and modification
enzymes were purchased from Takara Shuzo.
Laminaran, pachyman, pustulan, schizophyllan,
laminaribiose, and gentiobiose were obtained from
the laboratory collection.!®'? All other materials
were available from the usual commercial sources.

Microbial strains, plasmids, and media Sac-
charomyces cerevisiae A451 (MATa aro7 canl leu2
trpl ura3) was donated by Dr. F. Hishinuma
(Mitsubishi Kagaku Institute of Life Science). Es-
cherichia coli DHSa, E. coli BL21 (DE3), and E. coli
XL1- Blue were purchased from Takara Shuzo. E.
coli cells were grown in LB medium (1% BactoTryp-
ton, 1% Bacto yeast extract, and 1% NaCl), and
50 ug/ml ampicillin was added when necessary. Plas-
mids pUC119, pET-32a were purchased from Takara
Shuzo.

Preparation of EXG1 and Expression. The EXG1
gene was prepared by PCR using the following
primers designed for adapting the BamHI site:
5'-CGGGATCCCGATGCTTTCGCTTAAAACGT-

TA-3’ (sense) and 5'-TGTGGCACAATTTCTAAC-
cerevisiae EXGI gene.” The underlined letters in the
sequences are BamHI sites. Genomic DNA of S.
cerevisiae A451 was used as the template DNA for
PCR. The synthesized DNA was subcloned into
pUCI119 and sequenced to confirm the absence of any
undesired mutation.

To express the EXGI product in E. coli, the res-
triction enzyme Ncol cleavage site was introduced
into the E. coli expression vector, pET-15b, and a
Ncol-BamHI fragment encoding the mature se-
quence of EXGI was inserted into the vector. The
resulting vector (pETEXG) was transfered to E. coli
BL21 (DE3). The transformed cells ware cultured at

" To whom correspondence should be addressed. Fax: + 81 22 717 8778; E-mail: tasuku@biochem.tohoku.ac.jp
Abbreviations: Exg lp, exo-f-1,3-glucanase of Saccharomyces cerevisiae; CMC, carboxymethyl cellulose; pNPG, p-nitrophenyl-4-n-
glucoside; Gle, Glc2, Glc3, etc; p-glucose, glucobiose. glucotriose etc,. PCR, polymerase chain reaction
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37°C in LB medium containing 50 ug/ml ampicillin,
until the O.D. (A600nm) reached 0.5; then isopropyl-
B-D-thiogalactopyranoside was added to a final con-
centration of 1 mmMm, and incubation was continued
for 20 h at 15°C. The cells were harvested by cen-
trifugation.

Purification of recombinant Exglp. The harvested
cells were resuspended in 50 mM sodium acetate
buffer, pH 5.5, and ruptured by sonication. The cell
homogenate was centrifuged and the supernatant was
dialyzed against the same buffer. The supernatant so-
lution was put on a DEAE-Toyopearl column (Toso
Co.) and the enzyme activity was eluted with the
same buffer with a linear gradient of 0-0.4 m NaCl.
The fractions containing exo-$-1,3-glucanase activity
were pooled. The pooled fraction was further puri-
fied by FPLC on a HiTrapQ anion-exchange column
(Amersham Pharmacia Biotech). The active fraction
was eluted with 50 mm the same buffer with a linear
gradient of 0-0.5 M NaCl. Finally, the active fraction
was purified by gel filtration on a Hi-Load Superdex
75 column (Amersham Pharmacia Biotech). The en-
zyme was eluted with 50 mm sodium acetate buffer,
pH 5.5, and used as a purified enzyme preparation.

Enzyme assays 3-1,3-Glucanase activity was meas-
ured by the following method in a 100 ul reaction
mixture consisting of 50 mM sodium acetate buffer
(pH 5.5), 0.5 mg of laminaran, and enzyme solution,
30 ul. The mixture was incubated at 30°C for 20 min
and the released reducing sugar was measured by the
method of Somogyi.'” One kat of the activity is
defined as the amount of enzyme required to produce
1 mol of glucose per 1 sec.

Products analysis, relative activity assay, and
transglucosydation assay were done by HPLC (TSK-
gel G2000PW, Toso Co.) analysis of incubations of
various substrates (50 mg/ml for polysaccharides;
laminaran, pustulan, schizophyllan, CMC),
(10mg/ml for oligosaccharides; laminaribiose,
cellobiose, gentiobiose, and pNPG) in 50 mM sodium
acetate buffer (pH 5.5) at 30°C for the appropriate
time with recombinant Exglp.

N-Terminal sequence analysis. The purified en-
zyme was put through amino acid sequence analysis
on an Applied Biosystems 473A protein sequencer
with 610A data analysis system.

Results

Properties of the recombinant Exglp

The recombinant Exglp was purified through three
steps and the purified enzyme gave a single 45 kDa
protein band on SDS-PAGE (Fig. 1) The purified
protein showed a specific activity of 426.7 mkat/kg
toword laminaran. In N-terminal amino acid analy-
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Fig. 1. SDS-PAGE Analysis of Recombinant EXGlIp.
SDS-PAGE was done by the method of Laemmli.'® The gel
was stained with a silvest stain kit (Nakarai tesque Co.). M, pro-
tein standards; 1y cell extract; 2, preparation from DEAE-
Toyopeal 650S; 3, preparation from Hitrap-Q; 4, preparation
from Superdex-75
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Fig. 2. Effecto of pH on the Exglp Avtivity.
pH optimum (©); The enzyme activity was asayed under stan-
dard condition except that various buffers. pH stability (@); The
enzyme activity was assayed under the standard conditions ex-
cept that each enzyme was treated with various pH for 30 min.

sis, the initial 10 residues was GRYYDYDHGS,
which was identical to the predicted sequences of
mature protein.” The highest activity of the Exglp
toword laminaran was found at pH 4.0 under stan-
dard conditions and stable in the pH range 3 to 10
(Fig. 2). The temperature optimum of this enzyme
was 40°C and stable up to 50°C on heating for
30 min. (Fig. 3)

Substrate specificity

Relative rates of hydrolysis of various saccharide
substrates by recombinant Exglp (Table 1) showed
that the enzyme was active on both $-1,3- and f-1,6-
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Table 1. Relative Rate for the Exglp Hydrolytic Reaction®

Substrate Structure Relative rate (%)°
laminaran® [-3)Glc(81-3)Gle(S1-]n 100
laminaribiose Gle(B1-3)Gle 376
pustulan® [-6)Glc(B1-6)Glc(f1-]n 41
gentiobiose Glc(B1-6)Gle 21
CMC [-4Glc(B1-4)Gle(B1-In 0
cellobiose Gle(81-4)Glc 3
schizophyllan® Gle(81-6)[-3)Gle(81-3)Gle(81-3)Gle(B1-]n 0
pNPG para-Nitrophenyl-g-p-Glucoside 22

¢ Reactions were done at 30°C in 50 mM sodium acetate, pH 5.5 for 5 min and liberated glucose was measured by HPLC analysis (Details are in the text).

b Relative to the rate of hydrolysis of laminaran

¢ Essentially linear (1-3)-f-glucan often with small and variable amounts of side brancing through (1-6)-linkages'”

4 A linear (1-6)-8-D-glucan'®

¢ (1-3)-f-Glucan mainchain substituted by single (1-6)-8-linked glycosyl residues in every three (1-3)-8-linked glucosyl residues!'®
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Fig. 3. Effects of Temperature on the Exglp Activity.
Temperature optimum (O ); The enzyme activity was assayed
under standard conditions except for various temperature. Tem-
perature stability (@); The enzyme activity was assayed under
standard conditions except for the enzyme being heated for 30
min at various temperature.

glucans, but had no activity with CMC. It is noted
that the enzyme did not hydrolyze schizophyllan (-
1,3-glucan with p-1,6-linked single branches).
Among oligosaccharide substrates, laminaribiose
gave the highest activity and gentiobiose showed
about one thirties of that of laminaribiose. The en-
zyme also hydolyzed to some extent, pNPG. Kinetic
parameters (Table 2) support these results. The en-
zyme has a significant preference for §-1,3-glucosidic
linkages, while activity toword f-1,6-glucosidic link-
ages was much lower affinity (higher Km) and catalyt-
ic efficiency (kcat). When Exglp was incubated with
various concentration of laminaran, a Michaeris-
Menten plot showed substrate inhibition at high sub-
strate concentrations (Fig. 4).

Mode of action
The HPLC profiles (Fig. 5) demonstrated that the
enzyme hydolyzed laminaran and pustulan in an exo-

Table 2. Kinetic Constants for Exglp Hydrolytic Reaction®

Vmax kcat/Km
Substrate (WM /sec) (nl?l\l}l) (sl;f:ﬁ) (sec ‘1{1M D)
laminaran 1.24 13.0° 17.1 —
laminaribiose 33.5 9.8 184.6 18.8
pustulan 1.03 24.8° 14.2 —
gentiobiose 1.01 11.1 2.80 0.25
pNPG 0.20 2.82 5.51 1.95

# Reactions were done at 30°C in 50 mM sodium acetate, pH 5.5. Liberat-
ed glucose was measured by HPLC analysis (Details are in the text).
b mg/ml.

type manner, releasing p-glucose.

We checked transglucosidase activity of this en-
zyme. Figure 6 shows the effects of transglucosidase
on hydrolysis of laminaribiose by recombinant Ex-
glp. Under the low substrate concentration (2.9 mm),
laminaribiose was hydrolyzed completely to glucose,
while a high concentration (14.6 mMm) of the substrate
caused a transglucosidation reaction to form trisac-
charide and tetrasaccharide during the first 20 min.
The transglucosidase products of disaccharide and
trisaccharide were laminaribiose and laminaritriose
which were identified by '"H- and “C-NMR respec-
tively (data not shown), and trisaccharide was com-
pletely hydrolyzed to glucose by the Aspergillus saitoi
B-1,3-glucosidase treatment.'®

Discussion

Exo0-$-1,3-glucanase genes (EXG) in yeast have
been detected in Saccharomyces cerevisiae® and Can-
dida albicans.'® The Candida exo-B-1,3-glucanase
(Exg) has been well characterized since the enzyme
protein was secreted into the medium.'*'® On the
other hand, S. cerevisiae usually does not secrete the
exo-f8-1,3-glucanase in the medium’®. The enzyme
must be bound to cell walls.” We tried to prepare this
enzyme by expression of E. coli using S. cerevisiae
ex0-f-1,3-glucanase gene (EXGI).”

The recombinant exo-f-1,3-glucanase had very in-
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Velocity (Glc mM / 20 min)
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0 5 10 15 20
Laminaran (mg/ml)

Fig. 4. Effects of Laminaran Concentration on Velocity of the
Exglp.

Reactions were done under the standard condition except for
substrate concentration. Each reaction contained 0.34 ug (0.4
nkat) Exglp and varying amount of laminaran. Liberated glu-
cose was measured by the Somogyi-Nelson method.

(A) (B)
Vo Vo

0 min 0 min
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° 10 min ° 30 min
& 4 Glc
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Retention time (min) Retention time (min)

Fig. 5. The course of Hydrolysis of f-glucan Substrates Follwed
by Separation on TSKgel 2000 PW.
(A) laminaran, (B) pustulan, Reactions were done undr stan-
dard conditions except for reaction time.

teresting properties. The enzyme has very broad
specificity for f-glucosidic linkages and strong trans-
glucosidase activity. The enzyme is able to hydrolyze
B-1,3-glucan as well as §-1,6-glucan by an exo-type
mode of action, yielding only D-glucose. The enzyme
did not act on schizophyllan, the structure of which is
a branched $-1,3-glucan with one unit of three glu-

cose residues of the repeat unit being substituted at.

0-6 with a single B-D-glucose residue as shown in
Table 1. The reason why this $-1,3- and 4-1,6-bran-
ched structure was not a substrate for this enzyme is
not known.

(A) (B)
100 100
80 80
8 z
= o
=60 |- 2 60
% B
Q (=3
540 S40
O O
=3 L
%20 820
0 1 1 1 0
0 20 40 60 0 20 40 60
time (min) time (min)

Fig. 6. The Course of the Degradation of Laminaribiose and the
Formation of Transglucosidation Products at Low (A) and High
(B) Concentrations of Laminaribiose.

Reaction mixture contained (A) 2.9 mMm or (B) 14.6 mm of
laminaribiose, with 0.17 ug (0.2 nkat) of Exglp in 20 ul of sodi-
um acetate buffer (50 mMm, pH 5.5). Reactions were done at
30°C. laminarobiose (O), Glc (@), Glc3 (A), Glcd (L), Glcs

(m).

Kinetic analyses indicate that this enzyme is a kind
of p-glucosidase that prefers small g-glucosidic
linked substrates including pNPG. At the present
time, the Exglp seems to belong to the category of
exo-f-1,3-glucanase (EC 3.2.1.58), but the results of
this study indicate that the yeast Exglp may be classi-
fied as a new type of f-glucanase or f-glucosidase
that has not been described before.

It was also noted that the enzyme was strongly in-
hibited at high concentrations of laminaran. These
characteristic of this enzyme such as broad specifici-
ty, strong transglucosidation activity, and inhibition
of high concentrations of laminaran suggests that Ex-
glp is involved in yeast cell wall morphogenesis, in
the process of assembly and rearrangement of f-1,3-
and f-1,6-glucans.
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