Tech. Bull. Fac. Agr. Kagawa Univ., Vol. 62, 59~66, 2010
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in Downstream of the Mycodextranase Gene from Streptomyces sp. J-13-3
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Abstract

Mycodextranase from Streptomyces sp. (strain J-13-3) is an a-glucanase that cleaves a-1,4-bonds of alternat-

ing a-1,3- and o-1,4-linked D-glucan (nigeran) to produce nigerose and nigeran tetrasaccharide. The gene encoding

o-glucosidase found in downstream of the mycodextranase gene was analyzed. The deduced a-glucosidase amino

acid sequence was 537 amino acids long with a calculated molecular mass of 60, 263 Da. Comparison of the encoded

amino acid sequence with those of other a-glucosidases showed that the a-glucosidase was a member of the gly-

coside hydrolase family 13 and had highly conserved four regions for catalysis and substrate binding in a-amylase

family. The gene product expressed in vitro hydrolyzed p-nitropheny a-glucose and maltose, but not isomaltose and

nigerose. These results indicated that the gene product must be an a-1,4-glucosidase (EC 3.2.1.20).
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Introduction

Nigeran (mycodextran) found in the hypal wall of fungi
such as Aspergillus niger is a water-insoluble and unbrance-
hed D-glucan consisting of alternating a-1,3- and a-1,4-
linkages. Mycodextranase (EC 3.2.1.61) attacks a-1,4-bonds
in nigeran to give nigerose and nigeran tetrasaccharide as sole
reaction products. Our previous report describes the cloning
and nucleotide sequencing of the mycodextranase gene from

1)

Streptomyces sp. (strain J-13-3)."" The mycodextranase was

newly classified as glycoside hydrolase (GH) family 87."”
Thereafter, two proteins from Streptomyces genome sequenc-
ing®” and a-1,3-glucanases (EC 3.2.1.59) from Bacillus cir-
culans® also belonged to the family 87 based on amino acid
sequence similarities to the mycodextranase. Furthermore,
another open reading frame (ORF) with the ATG initiation
codon preceded by a potential ribosome-binding site (RBS)
was also found in downstream from the mycodextranase gene
and its deduced 57 amino acid sequence had similarity to
amino terminal region of the a-glucosidase from Streptomyces
lividans® (pMS13-10 in Fig.1). In this report, nucleotide se-
quencing of the gene encoding possible a-glucosidase showed

that the enzyme belongs to the GH family 13 based on the

amino acid sequence similarities. We also examined expres-
sion of the a-glucosidase gene in vitro system and the gene
product hydrolyzed p-nitropheny a-glucose and maltose, but

not isomaltose and nigerose.
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Fig. 1. Mycodextranase and a-glucosidase gene map in
insert DNA of pMS13 cloned from Streptomyces sp.
J-13-3.

The Kpn 1 fragment of the insert DNA of pMS13
was subcloned into the Kpn 1 site of pUC19, which
was the used to transform E.coli IM109. The con-
struction plasmid was designated pMS13-10, as de-
scribed previously. "’ Alignment of amino-terminal
amino acid sequences of a-glucosidases from Strep-
tomyces sp. J-13-3 and Streptomyces lividans was
also showed.

The nucleotide sequence reported in this study appears in the DDBJ, EMBL, and GenBank nucleotide sequence databases under

the accession no. AB523790.
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Materials and Methods

Materials, bacterial strains, and plasmids

The materials used in this study included Quantam Prep
Plasmid Miniprep kit from Bio-Rad (Hercules, CA, U.S.A.),
GFX Gel Band Purification kit from Amersham Biosciences
(Uppsal, Sweden), restriction endonucleases, LaTaq DNA
polymerase with GC buffer I, and DNA ligation kit from
Takara Shuzo (Kyoto, Japan), ampicillin sodium salt, IPTG
(isoplopyl-thio-B-D-galactoside), X-gal (5-bromo-4-chloro-
3-indoyl-B-D-galactopyranoside), and all other chemicals
from Wako Pure Chemical Co. (Osaka, Japan). Two strains
(IM109 and DH5a) of Escherichia coli and three plasmids
(pUC19, pT7Blue(R), and pURE1) were used as hosts and
vectors for cloning and expression of the gene, respectively.
The plasmid pMS13 carrying about an about 7.5-kb insert of
Streptomyces sp. (strain J-13-3) gene was used as a template
DNA (Fig.1)." Transformants of E. coli were grown at 37°C
in Luria-Bertani (LB) medium containing 100 pg/ml of ampi-

cillin.

Nucleotide sequencing and homology search

The nucleotide sequences of recombinant plasmid (pMS13)
were analyzed for both strands by the primer walking method
with a BigDye terminator cycle sequencing ready reaction kit
using the ABI PRISM 310 genetic analyzer (Applied Bio-
systems, Foster City, CA), as described previously‘m> The
nucleotide sequence data were analyzed using DNASIS-Mac
(Hitachi Software Eng. Co., Tokyo). A computer assisted
homology search and alignment were done using programs
(FASTA and CLUSTAL W) in DNA Data Bank of Japan
(DDBJ) online site.

Expression of the a -glucosidase gene /in vifro system
The a-glucosidase gene was amplified from the pMS13
DNA by polymerase chain reaction (PCR) using forward Nde
I (underlined) -linker primer (5-TTCA TATG-ACCCCGC-
GCACCACCGACTGGTG-3') and reverse Xho 1 (under-
lined) - linker primers (3-CGCAGACCGACGCATGCCGG-
ACT-C-ATC-G-ATT-GAGCTC CC-5). PCR was done in a
reaction mixture (50 pl in GC buffer I) containing 100 ng of
pMS13 DNA as template, 30 pmol of each primer, 200 um of
each dNTP, and 2.5 units of LaTaq DNA polymerase. ™ After
initial denaturation (1 min at 94 C), amplification protocol
(30 sec at 94 C , 30 sec at 55 C , and 2 min at 72 C) was
repeated for 30 cycles, and followed by the final 72C exten-

sion step for 5 min. The amplified DNA fragment was purified
and cloned into the TA site of pT7Blue (R) (Novagen, Msdi-
son, WI) , which was then used to transform E. coli DH5a
(Jet Competent cells, BioDynamics Laboratory, Inc. Tokyo,
Japan). Transformant of E. coli harboring the plasmid was
selected from white colonies on LB agar plate containing 100
pg/ml of ampicillin, IPTG (0.1mM), and X-gal (40 pg/ml).
The plasmid DNA was digested with Nde I and Xho 1, ex-
tracted from agarose gel, and cloned into the Nde I and Xho 1
sites of pURE1 (Post Genome Institute, Tokyo, Japan), which
was then used to transform E. coli IM109 (Takara Shuzo). A
recombinant plasmid with about 1.5 kb insert (pURE1-11)
was selected from the transformants by colony PCR using
forward (T7 promoter, 5-TAATACGACTCACTATAGG-3')
and reverse (5-AAAAATAGG CGTATCACG-3') primers
and its nucleotide sequence of the inserted a-glucosidase was
confirmed using the same primers. The purified pURE1-11
DNA (2 pmol) was added to reaction mixture (50 ul) of
PURESYSTEM (Post Genome Institute, Tokyo, Japan) for
transcription, reacted at 37°C for 1 hr, and then water (50 ul)
was added to the mixture. Ribosomal proteins (more than
molecular weight of 100,000) in the enzyme solution were
removed by ultrafiltration (YM-10, Millipore Corp., Bedford,
MA).

Protein analysis and enzyme assays

The proteins in the enzyme solution were analyzed by
SDS-polyacrylamide gel electorophoresis (PAGE) with a
10% polyacrylamide slab gel.”” p-Nitropheny a-glucose was
used as a substrate for a-glucosidase activity. In a assay, 10
ul of the enzyme solution after ultrafiltration was incubated
with 250 pl of 0.6% substrate solution, 115 pl of water, and
125 ul of 0.2 M phosphate buffer (pH 6.8) at 37°C for 24 hr.
After the reaction was stopped by addition of 500 pl of 0.25
M Na,SO, and the absorbance at 400 nm was measured. In
substrates of disaccharides (nigerose, maltose and isomal-
tose), 25 pl of the enzyme solution after ultrafiltration was
incubated with 50 pl of 0.4% substrate solution, and 25 pl of
0.2 M phosphate buffer (pH 6.8) at 37C for 24 hr. After the
reaction, liberated glucose was measured by glucose oxidase
method.

Results

Sequencing and analysis of a-glucosidase gene
pMS13 was sequenced by primer walking, and the putative
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Nucleotide and deduced amino acid sequences of a-glucosidase gene in downstream from the mycodextranase gene.
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The deduced amino acid sequences of the two genes are shown below the nucleotide sequence. The C-terminal ami-
no acid sequence (T to W) of the maycodextranase is shaded. The putative ribosome-binding sequence (SD, Shine-
Dalgarno) is underlined and shaded. The presumptive start and stop codons are shaded, and the stop codon is indicated
by an asterisk. The palindorome sequences are shaded with dotted underline.

a-glucosidase gene ORF was localized to a 1,920-bp region
in downstream from the mycodextranase gene (Fig. 2). The
ORF was 1,611 nucleotide long with a ATG initiation codon
at position 220 and a TGA stop codon at position 1,831. The
initiation codon was preceded by a potential RBS (AAGG),
which was complementary sequence at the 3" end of 16S
tRNA of Streptomyces lividans."” A palindrome sequence, a
possible transcriptional termination, was found in downstream
from the stop codon. The deduced putative a-glucosidase
was 537 amino acids long with a calculated molecular mass
of 60,263 Da. The coding sequence had a high overall G+C
content (70mol%), which is typical of Streptomyces genes,
and a strong tendency (90mol%) to have G or C in the third
position of the triplet.

Homology search of a-glucosidase gene product

As shown in Fig. 3, a homology search using the FASTA
program found that the deduced amino acid sequence of strain
J-13-3 had high similarity to a-glucosidases from Streptomy-

ces lividans (63 % identitiy) © and Streptomyces coelicolor

(52% identitiy),” a-1,4-glucosidase (EC 3.2.1.20) from
Thermomonospora curvata (55% identitiy), " and oligo-1,6-
glucosidase (EC 3.2.1.10) from Bacillus flavocaldarius (40
% identitiy) " These known four a-glucosidases were classi-
fied as GH family 13 containing a-amylase. Our putative and
four known a-glucosidases had three acidic residues (two Asp
and one Glu) for catalysis and two His residues for substrate-
binding in four highly conserved regions (CR I-VI in Fig.
3). In addition, two regions also had been conserved in all
a-glucosidases (CR 1-2 in Fig. 3).

Expression of a-glucosidase gene

The homology of the putative gene product with different
bacterial a-glucosidases predicted that the gene product would
have a similar enzyme activity. For further biochemical
characterization, the gene was amplified by PCR and placed
under the control of the T7 promoter in the plasmid pUREL.
After transfection into E. coli IM109, the gene product was
expressed in vitro transcription with the constructed plasmid
(pURE1-11) DNA. The expressed proteins were analyzed



62 Tech. Bull. Fac. Agr. Kagawa Univ., Vol. 62, 2010

SJ-13 MTPRTTD 'RHMAIYQVEPRS ANGNEDIET eI BA 44
Slivid ————- MAAPNSHRAED 'RD”VIYQV“PRS AGDENETENBA 48
Tecurva ———- MQQVPDSVHLTAPTAHTH 'RHAVIYQI \URSFRDMNIGD GIRGD LA 55
Scoeli  MSQQPSAAPAPTSAVATVSERHD, 'RDhVIYQV PRSIANSN M EDIE 60
Bflavo MS 'QRgVIYQVuPRS QI TNV EBE 39
CR 1 CR 2
1l 1
SJ-13 HRELEMITFSE S0 TOFRR INSRREMIAEAEKIISERHERDIRI VAV 104
Slivid EM VD“V'FTP 0N ANYRT INGPIRVIGEAEKMIAERELG IRTIVIIeY 108
Tcurva  S|EeVDEINLTI )/ AN YRDVIZR RS ADFDAMLATRHDLGLRVI INI 0y 115
Scoeli  DIE&VDEVLSIg 0N AN YRAVIMTIN L DADATRDHALGLRITVDLY 120
Bflavo S[§ VDEL'LSP YD VEDMENIDPUFGT QDFDR!LEEEHALGLKVLVDL 99

= |

sj-13  WAVENEHAJRTAALNAEPGRPEREL FWEREGRGDDEEL AT QS ICESAJRRVPD—— 161
Slivid  NEVSDRHAYJRAALEAGPGSAERERFHFRPGRGADRELgRADUPSQGSERTUMRVPD-—— 165
Teurva  NATSSAHRYJRDALAAGPGSPEDRYVFRPGRGENSELGRANJJQSTRCEPAIRVTEPDG 175
Scoeli  NESSDQVE[JKRALAEGPGSPSEDRYHFRPGKGKNRELGRNDUESTRCSPAURYTEPDG 180
Bflavo NETSSEHPUJGLESRASR-NSPKLDWYTWKDPAPDG——WaNOSFRCEPAMLDEAT—— 154
CR II
E3 1
SJ-13  —Eowimm ) FDRAYDEIRVESAAMCSISDPDLPRY 219
slivid - FERQJARVRINSAALLAWDPALARF 223
Teurva TP LDRQUDRFIDVAHGMIMDPALPAT 235
Scoeli TP LDMEDRF NI AV AHGMVIRAEGLPAL 240
Bflavo — LRRQUDCFAVOVLWLLGRDPLFREE 212
SJ-13  DHS-----——-—- JAVARSYSE 252
Slivid  VBG--——————— JKVADEYG 953
Teurva  AEGQKADM-—-LDGHTRLPYFBQDGVHEIYEEWFAIVESYP G 274
Scoeli  GSHEQLKL-—-LG-NDVMPFFMQDGVHE IYFQUERILAEYSDANGPEGPSAEGRGRVTG 295
Bflavo  PGSPLWRPGLPDRARHEHLYTERQPETYAYVREMHQVLAEFSEPG———————————— R 258

CR ITI

*
SJ-13 PRALIGEVWLADPDRFAQHLRADE HSAENFDFLGCSWDPTALRTVIDQTLAAHVGVGAP 312
Slivid  -GVFVGEVWLPDAERFARY(LRPDE HTARNFNFLSCPWEADRLRRT IDDTLAEHAPVGAP 312
Tcurva  ERALVABAWVENAERVARY(LRPDE HQAIRNFEYLTADWDAATLRAVVDRSLAANNAVGAP 334
Scoeli  GRIFVABAWTPTVERTANYVRPDE HQARNFQYLGTHWDAEELRTVIDRTLDAMRPVGAP 355
Bflavo ERVMVGEIYLPLPRLVRY AAGCH|BPFNIJSLVTEGLSDWRPENLARIVETYEGLLSRWDW 318

CR IV

=1
SJ-13 ST YGRPDTSTAAGIRQYNPVVDEDLGRRR! RARALITMATIPEAVYT 372
Slivid AT, YGRADTGFDFAKKAFGTPTDLVLGTRR! 'AnALLTLALP SVYL 372
Tcurva TTY FG GGAQGLARGWARLLIBMLAIBPESVYL 377
Scoeli AT, FANP-——AGLGTQIRLAGDRALGLRRINVAITL|IMLA[BPESAYV 411
Bflavo PN} LGEP Q 'VgAMLLFTLR TPTW 356

TNGEDP GEOGCRVELEINGTTEPYEYSP 426
SGGVDP GV GCI\VISLIQUAADAPYCHRG— 424
SGYTER GRIGCRVIYLIQUEGDEPPFHRG— 430
GAGQDG FRGCRVIyIIQUTREGSSYHRG— 464

QRDREPTAYHTLGIPERTISMEIDAS-PYGES—- 413

Slivid QEE GLPEAD—IERDRIQDPMHF
Tcurva QHEE GIWYEVTDLIXEEALQINZTWK

QEEDBGIBYDVVDLIYDEVRQDIYAYF!
YEDIBAIRYNGL IPIFEK-VQNYAAL)

Scoeli

SJ-13 QEERIGIRSEVED IR AHRRDINGI YH
Bflavo

SJ-13 DGAASP{NZQPATWARLTAAAWNDADIZHSMIBT|BYRQALAR!
Slivid  —SETEPB¥QPEGWAAYAADRAGADIFESMBSIBYRRALGL
Tcurva  CSAERS|JByVPAEWRSLTREVAERDI¥DNSTIBSIRYKKALRL
Scoeli  DGGS——{IBgQPAGWGELSVEANTGEIYGRTIBEINYREALAVI
Bflavo  ——TVEP{RYLNPDYRTRNVAVAEQDYRSMIBHBVKTLIAL

GESFTCIVYLSATP--VQLEDDAQ LVTsQP——LSQG————VLPVETSTWLRTA 537
AGCPVCVVALSAAP—-VELIGAHSALLVSGP—~LDEAG-—~RLPADTAJWLRA- 534
EPGETCAVNFGADP-~V TLIGFEGE|[VLSSGP—~VEQDGTHLVLPGRTAIVLRQ- 544
GD-FVCVANTTGES-~VAVEAHGRYJLLASGE -~ I TEAAGEAKVPABTT\JWWTRA 577
GEGWLVALJLTEKEKALELZRGGRYVLSTHLDREERVGERLFLRPREGAVRLD 529

AAEPALGDG-PMQWLDYAPD 484
RSTAGFGDG-GLDWLPAPDG 484
R-ELLLPAEDALHWADAPQN 489
RSTADLGAGDAVEWLRAPEG 522
K-DPDLLYG-AYRTYRAREG 469

SJ-13 LAFT]
Slivid LAFR
Tcurva LhFR
Scoeli VIAFR)
Bflavo YEYL

Fig. 3. Alignment of the amino acid sequences of a-glucosidase from the strain J-13-3 and four a-glucosidases belonging to GH
family 13.

Amino acid residue numbers in each line are shown at the right of the figure. Residues conserved in all five
a-glucosidases are indicated by white type on a black background. Identical residues that occur more than three times are
shaded. The a-glucosidases were encoded in Streptomyces sp. J-13-3 (SJ-13, UniProt accession no. BA143475.1), Strep-
tomyces lividans (Slivd, AAC46450.1), Thermomonospora curvata (Tcurva, AAA57313.1), Streptomyces coelicolor
(Scoeli, CAB90874.1), and Bacillus flavocaldarius (Bflavo, BAB18518.1). Three acidic residues (two Asp and one
Glu) for catalysis and two His residues for substrate-binding in four highly conserved regions (CR I-VI) are indicated by
an asterisk and plus mark, respectively.
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Fig. 4. SDS-PAGE of the proteins expressed in vitro tran-
scription system using pURE1-11.
Lane 1, expressed proteins; lane 2, proteins after
removal of ribosomal proteins.
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Fig. 5. Substrate specificity of a-glucosidase expressed in
vitro transcription system.

(A) Activity of a-glucosidase was assayed using
p-nitropheny a-glucose as a substrate. Lane 1, no
proteins; lane 2, proteins expressed using negative
control plasmid; lane 3, a-glucosidase expressed
using pURE1-11. (B) Activity of a-glucosidase ex-
pressed using pUREI-11was assayed in substrates
of 0-1,4 (maltose), o-1,6 (isomaltose), and a-1,3
(nigerose) -linked disaccharides.
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Fig. 6. Alignment of the amino acid sequences of a-glucosidases from Streptomyces sp. J-13-3 and NRRL 30748.
Amino acid residue numbers in Streptomyces sp. J-13-3 (J, GenBank/UniProt accession no. AB523790/BA143475.1)
and NRRL 30748 (N, DQ351275.1/ABC87502.1) are shown at the right of the figure. Amino acids conserved in the
two sequences are shaded. Four conserved regions (CR I-VI) in a-glucosidases are underlined.

by SDS-PAGE (Fig. 4). Several protein bands were detected
in 50 kDa region around before and after ultrafiltration of
expressed reaction mixture for removal of ribosomal proteins
(lane 1 and 2 in Fig. 4), indicating that the a-glucosidase
could not be purified. The a-glucosidase activity was mea-
sured by monitoring the release of p-nitrophenol from p-ni-
tropheny a-glucose. The enzyme activity was significantly
detected in the presence of pURE1-11 DNA (column 3 in Fig.
5A), but not in the presence of negative control plasmid (col-
umn 2 in Fig. 5A). Furthermore, measurement by monitoring
the release of glucose from disaccharides showed that maltose

with a-1,4 bond was hydrolyzed, but a-1,6 (isomaltose) and

a-1,3 (nigerose)-linked disaccharides were scarcely hydro-
lyzed by the a-glucosidase (Fig. 5B). These results indicated
that the gene product must be an a-1,4-glucosidase (EC
3.2.1.20).

Discussion

Degradation of starch to maltose by many bacteria is cata-
lyzed by a-amylase and is followed by hydrolysis to glucose
by the action of either intra- or extracellular a-glucosidases.
The amino-terminal signal peptide found on most extracellular

proteins serves to initiate export across the cytoplasmic mem-
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brane in bacteria.”” The signal sequence generally consists
of a positively charged segment with Arg residues, a central
hydrophobic segment, and a cleavage segment started with
the helix-breaker Pro residue."” Mostly Ala, Gly, Ser, and
Thr have been found in -1 site, and Ala, Gly, Leu, Ser, Thr,
and Val in -3 site from the cleavage position (-3,-1 role of
von Heijne) " No these general patterns found in the amino-
terminal peptides of J-13-3 a-glucosidase (1-44 amino acids
in Fig. 3). The a-1,4-glucosidase from 7. curvata and oligo-
1,6-glucosidase from B. flavocaldarius have been reported to
be intracellular enzymes. These results indicated that J-13-3
a-glucosidase also must be intracellular enzyme.

The gene encoding a-glucosidase found in downstream of
the mycodextranase gene of the strain J-13-3. The similar
positional gene has been reported in Streptomyces sp. (strain
NRRL 30748) “” and therefore amino acid sequences of the
two a-glucosidases were aligned (Fig. 6). The deduced
amino acid sequence of J-13-3 strain had high similarity to
that of NRRL 30748 strain (62 % identitiy). Four highly
conserved regions (CR I-VI in Fig. 3) were also detected in the
a-glucosidase of strain NRRL 30748 (Fig. 6). The presence
of the putative genes in downstream of the mycodextranase
gene predicted that the gene products would have enzyme

activity hydrolyzing nigerose produced in nigeran degrada-

tion by the mycodextranase. However, the a-glucosidase
expressed in vitro scarcely hydrolyzed nigerose and isomalt-
ose. The oligo-1,6-glucosidase from B. flavocaldarius and the
recombinant a-glucosidase (587 amino acids) from Bacillus
sp. (strain SAM1606) " with a broad substrate specificity
also hydrolyzed nigerose, and Tyr or Gly residue in conserved
region (EXY or EXG in CR III) was most important for the
enzyme activity with the broad substrate specificity. But there
was Trp residue in the positions of a-glucosidases from four
Streptomyces strains and T. curvata (EXW in CR III of Fig.
3 and 6). These results suggested that J-13-3 a-glucosidase
probably did not contribute utilization of nigeran.

Our preliminary experiments demonstrated that the recom-
binant a-glucosidase was produced in insoluble forms (i.e. in
inclusion body) by E. coli using pUC19 and pET23a (+).""”
Therefore, in this study, we used in vitro expression system for
the a-glucosidase gene product and active a-glucosidase could
be synthesized. However, the amount of active a-glucosidase
felled to be very small. Yeast (Pichia pastoris) expression
systems have been used successfully for the production of
mammalian, bacterial, and fungal proteins. " The J-13-3
a-glucosidase gene expression for large scale protein produc-
tion is thus prime candidate for investigation in the yeast sys-

tem.
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BAREJI- 13D YA AT F XN T F—HEEEFOTRICEREHS N/
a-7 )V AL 4 — EEEFDIREES & RIR
Mgk —E, =8 & M BF NASE #N, AL XH

WAERI-13-3%k D~ A T FF AN T F—Bld, a-1,38 a-l AV KHAZHEKE Lzp-Z W H v TH D=7 T v hDa-1 4REH
EORL Ty — 2L =75 YR ERET Aa- IV F =Y THDE, A AFFANTF—PREEFTHRICAE
ENfa-ZNVay ¥ —¥ha— FELBETEBITLZ. a7 Vay ¥ —BEE3TREOT I VIS4, ST
60,263 L HeE S N7z, HEET I VBRI 2 M Da-T N Y — B E B LR, a7 3T —EhE T AHEE RS
773U —13ITF L, R L OGS T 5 4 DDA S EIRE STV, RSN TR S oA
EFORBEEW Ip-= O 7 22 Va- TN T — ANV b —AZDR LD, AV h—A L =0 — 2350 L 7%
Motz ENS, ald-ZNVay ¥ —¥ (EC32120) ThbEEZLNT:
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