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L-glutamine D-fructose-6-phosphate amidotransferase or glucosamine-6-
phosphate synthase catalyzes the formation of glucosamine-6-phosphate and is the
first rate limiting enzyme of the hexosamine biosynthetic pathway. Molecular cloning
of the L-glutamine D-fructose-6-phosphate amidotransferase(gcad) gene was done
by partial digestion of Bacillus subtilis TISTR 25 chromosome with Sau3Al. The
recombinant plasmid, pCSBC14, contains a 4.0 Kb chromosomal DNA fragment of
B. subtilis TISTR 25 in pUC18. The pCSBC 14 was digested into 0.7, 0.9 and 1.6 Kb
fragments with Hind 111 and EcoR 1. Each of the fragments was subcloned to the
M13mpl8 DNA vector and transformed into E.coli IM109. The three subclones
were sequenced by the dideoxynucleotide chain-termination method. The sequence
of 2,308 bp in the 3’ side of the insert in pCSBC 14 was determined. The sequence
revealed an open reading frame of 1,803 bp capable of encoding a protein of 600
amino acids. This gene was compared with the GenBank deposited DNA sequences
using BLAST. It showed 86% identity to gcad gene of B. subtilis 168. The activity
of the GcA enzyme in Escherichia coli DH5a haboring pCSBC 14 was assayed and
confirmed. Therefore, the pCSBC 14 was a clone of B. subtilis TISTR 25
L-glutamine D-fructose-6-phosphate amidotransferase (gcaAd) gene. From the gcaA
sequence, two possible ribosomal binding sequence (Shine-Dalgarno sequence) were
AGGAGG. The putative transcription start site was G (+1). The potential
p-independent transcription terminator containing an inverted repeat, ACCCCTTT
and AAAGGGGT, followed by a tract of T was shown. The amino acid composition
was determined from the deduced amino acid sequences and compared with Bacillus
subtilis 168 GcaA enzyme. The molecular weight of Bacillus subtilis TISTR 25
GcaA enzyme was calculated to be 65,431 daltons. Furthermore, the predicted amino
acid sequences and nucleotide sequences of GcaA enzyme of Bacillus subtilis TISTR
25 were aligned with the GcaA enzyme of Bacillus subtilis 168, Rhizobium meliloti,
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Escherichia coli, Candida albicans, Saccharomyces cerevisiae, mouse and human.
The genetic distances among the nucleotide sequences of 8 organisms were
calculated using Kimura 2-parameter in Phylip 3.5¢ and the genetic distance among
amino acid sequences of 8 organisms was calculated using Dayhoff PAM matrix in
Phylip 3.5¢. The constructed phylogenetic tree from amino acid sequences were the
same pattern as the constructed phylogenetic tree from nucleotide sequences of 8
organisms. Finally, the predicted three-dimensional structure of the N-terminal
domain of Bacillus subtilis TISTR25 GcaA enzyme was created by using Swiss-
Model at http://www.expasy.ch/Swissmod/SWISS-MODEL.html, Swiss-PdbViewer
and Rasmol program. The predicted N-terminal domain three-dimensional structure
of Bacillus subtilis TISTR 25 GcaA enzyme was compared with Escherichia coli
GcaA enzyme in chain A. Both structures were similar. They consisted of two
layers of antiparallel B pleated sheets in the middle and sandwiched by a helices.
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INTRODUCTION

L-glutamine D-fructose-6-phosphate
amidotransferase (GcaA) or glucosamine-6-
phosphate synthase (EC 2.6.1.16)+ catalyzes
the formation of glucosamine-6-phosphate and
is the first rate-limiting enzyme of the
hexosamine biosynthetic pathway (Figure 1). It
belongs to the family of amidotransferases that
catalyse transfer of an amide group from
glutamine to a substrate to form a new C-N
bond. This enzyme is inactivated by the
glutamine analogue, 6-diazo-5-oxo-L-
norleucine (DON) and by iodoacetamide.”’ The
eukaryotic glucosamine-6-phosphate synthase
is subject to feedback inhibition by uridine
5’-diphosphate N-acetylglucosamine (UDP-
GlcNAc), the substrate for chitin synthase in
fungi, some protozoon and most invertebrates.”
UDP-GIcNAc is a mnoncompetitive inhibitor
with respect to both glutamine and fructose-6-
phosphate, suggesting that the amido-
transferase has a separate “allosteric” binding
site for UDP-GlcNAc.® In mammalian cells,
this enzyme is an insulin-regulated enzyme
which controls the flux of glucose into the
hexosamine pathway.

The product, glucosamine-6-phosphate
(GlcNH;,-6-P), undergoes sequential
transformations leading to the formation of
UDP-GIcNAc, the major intermediate in the
biosynthesis of all amino sugar containing
macromolecules such as glycoproteins and chitin

(B1-4 homopolymer of N-acetylglucosamine)
both in prokaryotic and eukaryotic cells.
Glucosamine is a common component of many
macromolecules including peptidoglycan,
lipopolysaccharide and teichoic acid in
bacterial cell envelopes and glycolipids and
glycoproteins in animal cell membranes. In
higher eukaryote, glucosamine can help the body
repair eroded and damaged cartilage.  Since
glucosamine stimulates the body’s manufacture
of collagen, the protein portion of the fibrous
substance that holds joints together, it is used to
repair damaged joints for Osteoarthritis.*”
Furthermore, glucosamine can be used as a
precursor for the synthesis of modified
nucleosides in medical treatment. For example,
the C-nucleosides tiazofurin, showdomycin,
pseudouridine, formycin, efc., show
therapeutically useful antitumour properties. In
addition, certain structurally modified
nucleosides such as S5-fluorouracil, ribovirin
and AZT (3’-azido-3’-deoxythymidine) are
strong drugs with antiviral properties.

The L-glutamine D-fructose-6-phosphate
amidotransferase (glucosamine-6-phosphate
synthase) is encoded by the gcad gene for B.
subtilis 168, the glmS gene for Escherichia coli”
the nodM gene for Rhizobium meliloti® the
GFAI gene for Saccharomyces cerevisiae® and
the Candida albicans,"” and GFAT gene for
human"” and mouse."*"?

Glucose

Glucose-6-phosphate

Fructose-6-phosphate — Fructose-1,6-diphosphate

L-glutamine ~|
L-glutamate _/|

L-glutamine D-fructose-6-phosphate
amidotransferase

Glucuounune-6-phosphate - Glucosamine

Acetyl-CoA
CoA

N-acetyl glucosamine-6-phosphate

Figure 1. Hexosamine biosynthetic pathway.
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MATERIALS AND METHODS
Bacterial strains, plasmids and media

Escherichia coli IM109 (F’ traD36 lacId
lacZAM15 proA'B" e14” McrA Alac-proAB thi

gryA96 Nal' endAl hsdR17 rm') relAl
supE44 recAl) and E. coli DH5a (F’/endAl
hsdR17 1 m'} supE44 thi-1 recAl gryA Nalf

relAl AlacIZY A-argF U169 deoR ¢80 d lacA
lacZ M15 were used as hosts. E. coli was
aerobically grown in LB broth (1% Bacto-
tryptone, 0.5% Bacto-yeast extract and 1%
NacCl) at 37°C.

DNA isolation and manipulations

Plasmid DNA was isolated from FE.coli by
the alkaline extraction procedure."? E. coli was
transformed by the electroporation method."”
The B. subtilis TISTR25 genomic library consisted
of DNA fragments of 2-7 kb obtained by partial
Sau3 Al digestion of B. subtilis TISTR25
chromosomal DNA and insertion into the BamHI
site of pUC18 namely pCSBC 14.'¢

DNA sequence analysis

The dideoxynucleotide chain termination
method of Sanger et al"” was used with
Sequenase enzyme (United State Biochemical

Corp.), [a-33S]dATP, 1 pg of single-stranded
M13"® or 3 ug of denatured plasmid template,
and the MI13-forward or reverse sequencing
primers. Data handling and sequence analysis
were conducted using the DNA strider 1.2
software.""” To search for a similar sequence
the BLAST®?Y program was used. The
ClastalX (1.64b) program® was used for
sequence alignment.

Assay of L-glutamine D-fructose-6-
phosphate amidotransferase

E. coli DHS5o harboring pUCI18 or
pCSBC14 was grown at 37°C for 18 hours with
vigorous aeration. The cultures were harvested
by centrifuging at 4,000 rpm for 15 min,
washed with 0.05 M Tris-HCI, pH 8.0 and
resuspended in 0.05 M Tris-HCL, pH 8.0
(4 ml/g of packed cell). These suspensions
were sonicated for 1 min on ice by using a
sonicator. The extracts were centrifuged at
4,000 rpm for 15 min. The supernatant fluids
were used for the enzyme assay.

Enzyme activity was measured by the
method of Ghosh et al.*” The assay mixture
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contained in a final volume of 1 ml, 20 mM
fructose-6-phosphate, 15 mM L-glutamine,
37.5 mM potassium phosphate buffer, pH 7.0,
2.5 mM EDTA and cell lysate. After incubation
at 37°C for 30 min, the reaction was stopped by
boiling for 2 min, cooled and centrifuged. The
supernatant (0.80 ml) was used for the
determination of glucosamine-6-phosphate.
Glucosamine-6-phosphate was determined by
using a modification of the Elson-Morgan
procedure described by Kenig.?” In each
experiment, two control samples, one without
cell lysate and one without substrate, were
assayed in the same way. The absorption
reading for the control without substrate, or the
sum of the readings of the two controls, was
substracted from the readings obtained from the
samples of the complete reaction mixtures.
Solutions of glucosamine-HCI (0.1 to 1.0 mM)
were assayed simultaneously for the standard
curve of glucosamine. One unit of enzyme is
defined as the quantity that produces 1 pmole
of glucosamine-6-phosphate in 30 minutes
under the condition of the assay described
above.

Protein determination
Protein was determined by the method of
Bradford.*”

RESULTS

Subcloning of DNA fragment from
pCSBC14

Tanunat'® had constructed pCSBC14
which was a pUCI8 recombinant plasmid,
comprised of a 4.0 kb chromosomal DNA
fragment of B. subtilis TISTR25. The three
recombinant clones, comprised of 0.7, 0.9
and 1.6 kb insert fragments were named
mCSBC141, mCSBC142 and mCSBC143,
respectively. Each of the three clones was
constructed by subcloning the fragment into
M13mpl8.

The RF forms of the three recombinant
M13 clones were extracted by alkaline
extraction and then digested with restriction
endonucleases in order to determine the
corrected insert fragments. The mCSBC141
and mCSBC142 were digested with both
HindIll and EcoRI, and the mCSBC143 was
digested with only HindIIl. The insert fragment
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sizes of mCSBC141, mCSBC142 and
mCSBC143 were determined as 0.7, 0.9 and

1.6 kb, respectively (Figure 2).

HindIIl HindIll  Accl EcoRI1 HindIll HindIIl EcoRI
pUCI18 | 1.6 0.7 102 0.7 021 0.1] pUCI18
Scal| I [ Scal|
3 gcaA gene 5
— -
5”7 end (600 bases) 3’ end (610 bases)
pCSBC14
1. HindIIl/EcoRI
2. ligated with Hind IlI/EcoRI digested M13mp18
HindIIl HindIIl HindIIl EcoRI EcoRI
HindIIl
1.6 kb 0.9 kb 0.7 kb
| | | _1 1
- —_— —_—<

5°(302 bases)

mCSBC143

5°(433 bases) 3°(551 bases)

mCSBC142

3°(426 bases) 5°(445 bases)

mCSBC141

Figure 2. Sequencing orientation of individual clones. The horizontal arrows
indicate the direction of forward primer and reverse primer.

DNA sequence analysis

The nucleotide sequences of the insert
fragments mCSBC141, mCSBC142 and
mCSBC143 were similar to B. subtilis 168
gcaA gene in various positions. The B. subtilis
TISTR25 gene started at the 3’end of pCSBC14.
Therefore, the 3° sequence of mCSBC141 and
5’sequence of mCSBC142 were inverted to a
complementary strand. A DNA sequence of
2,308 bp of 4.0 kb of insert fragment of
pCSBC14 was determined.

Analysis of the nucleotide sequences of
pSCBC14 revealed an open reading frame of
1,803 bp. capable of encoding a protein of 600
amino acids (Figure 3). Two possible ribosomal
binding sequences (Shine-Dalgarno sequence)
were AGG and AGG. The putative promoter
regions (-10 and -35) were TTGACT and
TTGAAA, respectively. The putative
transcription start site was G (+1). The
potential p-independent transcription
terminator containing an inverted repeat,
ACCCCTTT and AAAGGGGT, followed by a
tract of T was shown. The restriction map was

created by using the DNA strider 1.2 program.
The sequences of the B. subtilis TISTR25 gene,
the upstream sequence (95 bp) and the
downstream sequence (410 bp) were subjected
to BLAST comparison. The results showed an
85%, 92% and 86% identity to the B.subtilis
168 gcaAd gene, respectively (Figure 4). It was
certain that the B. subtilis TISTR25 insert gene
on pCSBC 14 was L-glutamine D-fructose-6-
phosphate amidotransferase (gcad) gene. The
BLAST result of 1,803 bp of B. subtilis
TISTR25 gcad gene was obtained. The
sequences of B. subtilis TISTR25 and B.
subtilis 168 gcaA gene were shown in Figure 5.
The molecular weight of B. subtilis TISTR25
GcaA enzyme was calculated to be 65,431
daltons. Furthermore, the predicted amino acid
sequence of GcaA enzyme from B. subtilis
TISTR25 was aligned with the GcaA enzyme
of B. subtilis 168, Rhizobium meliloti’® E.coli,”
Candida albicans,'® Saccharomyces
cerevisiae,”) human'"” and mouse"*'> using
the ClustalX (1.64b) (Figure 6).
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The genetic distances among the
nucleotide sequences of 8 organisms were
calculated using Kimura 2-parameter in Phylip
3.5c. The range of genetic distances was
between 0.0972-1.3233 (Table 2). These values
were used to construct a phylogenetic tree
(Figure 7). The 8 organisms can be divided into
two main groups, prokaryote (B. subtilis TISTR
25, B. subtilis 168, E. coli and R. meliloti) and
eukaryote (S. cerevisiae, C. albicans, human
and mouse). The estimated sequence
divergence between the two groups was
0.33088. The estimated sequence divergence
between the gcad gene of B. subtilis TISTR 25
and B. subtilis 168 was 0.1705 which was a lot
less than that between the group of B. subtilis
and E. coli (0.8801). Furthermore, Eukaryote
can be divided into two groups, higher
eukaryote (human and mouse) and lower
eukaryote (S. cerevisiae and C. albicans). The
estimated sequence divergence between the two
groups was 0.4344. The estimated sequence
divergence between the gcad gene of human
and mouse was 0.0972 which was less than that
between C.albicans and S. cerevisiae (0.3666).

The genetic distance among amino acid
sequences of the 8 organisms was calculated
using the Dayhoff PAM matrix in Phylip 3.5¢.
The range of genetic distances was between
0.01002-1.38757 (Table 3). These values were
used to construct phylogenetic tree (Figure 8).
Two groups, prokaryote and eukaryote, were also
clearly seperated. The estimated sequence
divergence between the two groups was 0.4355.
The estimated sequence divergence between the
GcaA enzyme of B. subtilis TISTR 25 and
B. subtilis 168 was 0.0694.

Furthermore, the estimated sequence
divergence between the higher eukaryote and
lower eukaryote was 0.4618. The estimated
sequence divergence between the GcaA
enzyme of human and mouse was 0.01002
which was less than that between C. albicans
and S. cerevisiae (0.33108). The 3D structure
of B.subtilis TISTR 25 GcaA enzyme was
compared with E.coli GcaA enzyme in chain A
(Figure 9). Both structures were similar. They
consisted of two layers of antiparallel  pleated
sheets in the middle sandwiched by a helices.

-35 -10
GATCTTCCAAAAAAACATGTGGGAGGGGACGATTGAAAGTCCCCTTGTAATTTGACTTTCTTCGTCTCCTTTTGCACCTTTAGGAGGAAG

+1 * ok Kok ok k

M ¢ G I VvV 6 Yy I G L DA KE I L L K G UL E KL E Y R G

91 AAAATATGTGTGGAATTGTAGGTTACATCGGTCAGCTTGATGCGAAAGAGATTTTGTTAAAAGGATTAGAGAAGCTTGAGTACCGCGGTT

HindIII

Yy b S A G I AV A N E Q GV HV Y K E K G R I A DL R E V V

181 AAAACTCTGCCGGTATCGCTGTGGCGAATGAGCAGGGCGTGCATGTGTACAAAGAAAAAGGCCGCATCGCCGACCTTCGTGAAGTGGTGG
D H T V E S A G I G H T R WA T H G E P S F L N A H P H Q

271 ATCACACGGTTGAATCTCAAGCGGGAATCGGCCATACACGCTGGGCGACTCACGGTGAACCAAGCTTCCTGAACGCTCACCCGCATCAAA

HindIII

s AL G R F TL V HNGV I ENY V 0 L K R E Y L E N V E L

361 GCGCACTCGGCCGCTTTACACTTGTTCACAATGGTGTGATCGAGAACTATGTTCAGCTGAAGCGCGAATATCTTGAAAACGTTGAACTGA
XK s b TDTEV VYV QM TIEQUF¥F VA G G UL SsS TEEA AU F R K T

451 AAAGCGACACGGACACTGAAGTAGTCGTTCAAATGATCGAGCAATTTGTGGCGGGAGGACTCAGCACAGAAGAAGCGTTCCGCAAAACAC
L T L L XK 6 s Y ATI AL F D G ENT DT I Y V A KN K S P L

541 TGACTCTGTTAAAAGGCTCTTACGCAATTGCATTATTTGACGGTGAAAACACAGACACCATTTACGTTGCAAAARACAAAAGCCCTCTGT
L. T 6 L 6 DT F NV V ASD AMMAMMTLU GQV TNE Y V E L L D

631 TAATCGGCCTTGGAGATACGTTTAACGTCGTGGCATCTGACGCGATGGCTATGCTTCAAGTAACGAATGAATACGTTGAGCTTTTGGACA
K MV I VT K DE AV I K NL D G E V M T R A S Y I A E L

721 AAGAAATGGTGATCGTGACAAAAGATGAAGCCGTGATTAAAAACCTTGACGGTGAAGTCATGACACGTGCGTCTTATATCGCTGAGCTTG
b A S DTIE K G T Y P HYMUL K E TDE Q P L V MR K I I Q

811 ACGCCAGTGATATCGAAAAAGGCACATACCCTCACTACATGTTAAAAGAAACGGATGAGCAGCCGCTTGTTATGCGCAAAATCATCCARAA
T Y 9 D E N G R L A V A G DV ADA AV A EADI R I Y I V A C

901 CGTATCAGGACGAAAACGGCAGACTGGCCGTGGCCGGCGATGTCGCTGACGCCGTGGCGGAAGCGGACCGCATTTATATCGTGGCTTGCG
G T s Y H A G L V GG K QY I EMWA ANV P V E V HV A S E F

991 GAACGAGCTACCACGCCGGTCTTGTCGGGAAACAATATATTGAAATGTGGGCAAACGTACCGGTTGAAGTGCATGTAGCGAGTGAATTCT
EcoRI
s Y N M P L L S K K P L F I F L s Q S G E T AUD S R A V L V

1081 CTTACAACATGCCGCTTCTGTCTAAGAAGCCGCTCTTTATCTTCCTTTCTCAAAGCGGAGAAACAGCGGACAGCCGCGCCGTGCTTGTTC
Q v X AL G H K AL T TI TNV P G S T L S R E A D Y T L L L

1171 AAGTCAAAGCGCTGGGTCACAAAGCGCTGACGATTACAAACGTTCCGGGATCAACGCTTTCCCGTGAAGCGGATTACACATTGCTTCTGC
H A G P E I AV A S T K AY T A Q I A V L A I L A S V A A E

1261 ACGCAGGCCCTGAGATCGCCGTGGCATCAACAAAAGCGTATACGGCTCAGATTGCCGTCCTCGCGATCCTTGCGTCCGTTGCAGCAGAAC

AccI

R NG VDI GPF DLV K ETLGTI A ANAMEA ATLTCDQ K D E

1351 GCAACGGCGTTGATATCGGTTTTGATTTAGTCAAAGAATTAGGTATCGCGGCAAACGCCATGGAAGCCCTCTGCGACCAGAAGGACGARAA
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Figure 3. Nucleotide sequence and deduced amino acid sequence of B. subtilis TISTR25
gcaA gene. Two possible Shine-Dalgarno sequences (****) and a possible
promoter (-35 and -10 regions) were indicated. The putative p-independent

M EM I A REY L TV S RDNAUFF I GR G L DY F V C V E G
TGGAAATGATCGCACGTGAGTACCTGACTGTTTCAAGAAACGCTTTCTTCATCGGCCGCGGCCTTGACTACTTCGTGTGTGTCGAAGGCG

AL K L K E I S Y I Q A E G F A G G E L K H G T I A L I E E
CCCTGAAGCTGAAAGAGATTTCTTACATCCAGGCGGAAGGCTTCGCCGGCGGCGAGCTGAAGCATGGAACAATCGCTCTGATTGAAGAAG

G T p V F A L A T QEHV N L S I RGNV KE V A AR G A N
GAACACCGGTCTTTGCGCTTGCGACACAAGAACACGTCAACCTGAGCATCCGCGGTAATGTGAAGGAAGTCGCAGCCCGCGGCGCCAACA

T ¢ 1 1 S L K 6L EDADDU RPF I L P EV N PATILI R P L V S
CTTGCATCATCTCGCTGAAAGGCTTAGAAGACGCAGACGACAGATTCATCCTGCCGGAAGTCAACCCTGCGCTTCGTCCGCTGGTTTCTG

v v P L Q L I A Y YA AL HRGOCDV DK P RNTILAIK S V T
TTGTGCCATTGCAGCTGATCGCTTACTACGCTGCACTGCACCGCGGCTGTGACGTTGATAAACCGCGCAACCTTGCGAAGAGTGTTACGG

Vv E --—-
TGGAATAATATATTTAACCCCTTTGGTTATTAGTGTGAATTTAAAATAAAGTCGCGATGTTTATAAARAAGATGCGATGT TTARAATAAA

GTCGCGANGTTTATAAAAAAGTTGCGAAGCTTACCCCTTTGGATATGATTATCTAAAGGGGTGTTTTTGTGTCGAAAAGAAAAAGAACA
HindIII
TCTAAAATTGATAAGTGGATTAAAGAGGGTCGAGGAACTGGCAGTGGGGCATGATTATCAAGATCTTTCCTCATTAGGTCGGTCAACAAG

ATTAAAAGGTATAAAAACCGGCAGACAACATGAGTTTTTATCGGATTTGGAACGAAACTACTTTTATTTAACTGAATTTTCTGATGT

TATTTTAGATATTCGTGAACAATTTCCTTTATTACCACAAGAAGAGACGTTTGCCATTGCTG

termination codon (---) was indicated.

Upstream B. subtilis TISTR25 gcaA gene Downstream
[ 95 bases| ATG 1,803 bases TAA | 410 bases |
92% identity 85% identity 86% identity
( 2,308 bases ]

Figure 4. Percent identity of B. subtilis TISTR25 and B. subtilis 168 gcaA gene by BLAST
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86% identity with B. subtilis 168 gcaA gene

comparison.
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GAATTTCGCGGATCCTCCCGGCTGAGTGTGCAGATCACAGCCGTAAGAATTTCTTCAAAC

———————————————————————————————————— GATCTTCCAAAAAAACATGTGGGA

CAAGGGGGTGACTCCTTGAACAAAGAGAAATCACATGATCTTCCAAAAAA-CATGTAGGA
kkkkkhkhkkkkkkhkhk kkkkk *kk

GGGGACGATTGAAAGTCCCCTTGTAATTTGACTTTCTTCGTCTCCTTTTGCACCTTTAGG

GGGGACGATTGAAAGTCCCCTTGAAATTTGACTTTCTTCGTCTCCTTTTACAATCTTAGG
kkhkkkhkkkhkkhkhkkhhhkhhhkhhhkk khkhkkkhkhkkhkkkhkkhkkkkkkkkkkk *% *kkkk

AGGAAGAAAA-TATGTGTGGAATTGTAGGTTACATCGGTCAGCTTGATGCGAAAGAGATT

AGGAAGAAAAATATGTGTGGAATCGTAGGTTATATCGGTCAGCTTGATGCGAAGGAAATT
dkkkkhkhkhkhkk khkkhkhkhkkhkhkhkh khkkkhkhkk khkhkhkkkhkhkhkhkkhkhkhkhhkkx **k *kk

TTGTTAAAAGGATTAGAGAAGCTTGAGTACCGCGGTTATGACTCTGCCGGTATCGCTGTG

TTATTAAAAGGGTTAGAGAAGCTTGAGTATCGCGGTTATGACTCTGCTGGTATTGCTGTT
kk kkkkkhkkk kkkkkhkkkhkkkhkkkhhkk kkkkkhkkkhkkkhkkhkkk *kkkk *kkkk

GCGAATGAGCAGGGCGTGCATGTGTACAAAGAAAAAGGCCGCATCGCCGACCTTCGTGAA

GCCAACGAACAGGGAATCCATGTGTTCAAAGAAAAAGGACGCATTGCAGATCTTCGTGAA
kk kk kk kkkkk Kk kkkkkkk kkkkkkkkkhkkk kkkkk kk kk kkkkkkkkk

GTGGTGGATCACACGGTTGAATCTCAAGCGGGAATCGGCCATACACGCTGGGCGACTCAC

GTTGTGGATGCCAATGTAGAAGCGAAAGCCGGAATTGGGCATACTCGCTGGGCGACACAC
kk kkkkkk  kk  kk kkk Kk kkkk kkkkk kk kkkkk kkkkkkkkkkk kkk

GGTGAACCAAGCTTCCTGAACGCTCACCCGCATCAAAGCGCACTCGGCCGCTTTACACTT

GGCGAACCAAGCTATCTGAACGCTCACCCGCATCAAAGCGCACTGGGCCGCTTTACACTT
kk kkkkkhkkkhkk  kkkkkkkkkkkhkkhkkhkkhkkhkhhkhk kkkkkhkkkhkkkhkkh

GTTCACAATGGTGTGATCGAGAACTATGTTCAGCTGAAGCGCGAATATCTTGAAAACGTT

GTTCACAACGGCGTGATCGAGAACTATGTTCAGCTGAAGCAAGAGTATTTGCAAGATGTA
kkhkkkhkkk kk kkkkkkkkhkkkhkkkhkkkhkkkhkkkhkkkkk K,k *kk * Kkk * *k

GAACTGAAAAGCGACACGGACACTGAAGTAGTCGTTCAAATGATCGAGCAATTTGTGGCG

GAGCTCAAAAGTGACACCGATACAGAAGTAGTCGTTCAAGTAATCGAGCAATTCGTCAAT
kk kk kkkkk kkkkk kk kk kkkkkkkkkkkkhkk k khkkkkkkkkkk kk

GGAGGACTCAGCACAGAAGAAGCGTTCCGCAAAACACTGACTCTGTTAAAAGGCTCTTAC

GGAGGACTTGAGACAGAAGAAGCGTTCCGCAAAACACTTACACTGTTAAAAGGCTCTTAT
*kkkkkkk kkkkkhkkkhkkkhkhkhkhkkhhkkhhkkkhkkk *k *kkkkkkkrkkkrkkkhkhk

GCAATTGCATTATTTGACGGTGAAAACACAGACACCATTTACGTTGCAAAAAACAAAAGC

GCAATTGCTTTATTCGATAACGACAACAGAGAAACGATTTTTGTAGCGAAAAACAAAAGC
kkkkkkkk hhkkkk *k kk kkkk Khkk kk Kkkkk  kk kk kkkkkkkkkkkk

CCTCTGTTAATCGGCCTTGGAGATACGTTTAACGTCGTGGCATCTGACGCGATGGCTATG

CCTCTATTAGTAGGTCTTGGAGATACATTCAACGTCGTAGCATCTGATGCGATGGCGATG
kkhkkk kkk Kk kk kkkkkkkkkkk kk kkkkkkkk kkkkkkkk kkkkkkkk kkk

CTTCAAGTAACGAATGAATACGTTGAGCTTTTGGACAAAGAAATGGTGATCGTGACAAAA

CTTCAAGTAACCAACGAATACGTAGAGCTGATGGATAAAGAAATGGTTATCGTCACTGAT
kkkkkhkhkhkhhk khk hkkkkkhkk kkkkk hkkk hhkkkkkkhkhkk kkkkk *kk ok

GATGAAGCCGTGATTAAAAACCTTGACGGTGAAGTCATGACACGTGCGTCTTATATCGCT

GACCAAGTTGTCATCAAAAACCTTGATGGTGACGTGATTACACGTGCGTCTTATATTGCT
kk  kkk  kk kk hkkkkkkkkkk khkkkk kk hk kkkkkkkkkkkkkkkkk Khkk

GAGCTTGACGCCAGTGATATCGAAAAAGGCACATACCCTCACTACATGTTAAAAGAAACG

GAGCTTGATGCCAGTGATATCGAAAAAGGCACGTACCCTCACTACATGTTGAAAGAAACG
kkkkkhkhkhk hhkkhkhkhkhhhkhhhkhhhhhhhkhhdhk khkkhkkhkhhkhkhhkhhkhh *kkkkkhkk

GATGAGCAGCCGCTTGTTATGCGCAAAATCATCCAAACGTATCAGGACGAAAACGGCAGA

GATGAGCAGCCTGTTGTTATGCGCAAAATCATCCAAACGTATCAAGATGAAAACGGCAAG
kkkkkhkhkhkhhk  hkhkkkkkhkkhkhhkhhhkhkhhkhhhkhkhhkhkhkhkhkd Kk *hkkkkkhkhkk

J. Sci. Res. Chula. Univ., Vol. 30, No. 1 (2005)

11



............... Jarunee Vanichtanankul, Dolnapa Tanunat, Vichien Rimphanitchayakit and Napa Siwarungson

B.subtilis TISTR25 CTGGCCGTGGCCGGCGATGTCGCTGACGCCGTGGCGGAAGCGGACCGCATTTATATCGTG

B.subtilis 168 CTGTCTGTGCCTGGCGATATCGCTGCCGCTGTAGCGGAAGCGGACCGCATCTATATCATT
kdkk Kk kkk Kk kkkkkk kkkkkk kkk kk kkkkkkkhkkhkkkhkkhkk kkkkkk *

B.subtilis TISTR25 GCTTGCGGAACGAGCTACCACGCCGGTCTTGTCGGGAAACAATATATTGAAATGTGGGCA

B.subtilis 168 GGCTGCGGAACAAGCTACCATGCAGGACTTGTCGGTAAACAATATATTGAAATGTGGGCA
k kkkkkkkk kkkkkkkk kk kk kkkdkkhkkhk hkkkkkkkkkokdkkdkokdkokdkokdokdokk

B.subtilis TISTR25 AACGTACCGGTTGAAGTGCATGTAGCGAGTGAATTCTCTTACAACATGCCGCTTCTGTCT

B.subtilis 168 AACGTGCCGGTTGAAGTGCATGTAGCGAGTGAATTCTCCTACAACATGCCGCTTCTGTCT
kdkdk kkkhkhkhdkkdkkdkokdkokdkokdkkdkdkdkhkdkhk dhkdkhdkkdkkdkkdkdokdkdokdokk

B.subtilis TISTR25 AAGAAGCCGCTCTTTATCTTCCTTTCTCAAAGCGGAGAAACAGCGGACAGCCGCGCCGTG

B.subtilis 168 AAGAAACCGCTCTTCATTTTCCTTTCTCAAAGCGGAGAAACAGCAGACAGCCGCGCGGTA
kdkdk khkkkkhkhk kk kkkkkkdkokdkkdkkdkkdkkdkkdkkhkhkhk khkkhkkhkkkkkk Kok

B.subtilis TISTR25 CTTGTTCAAGTCAAAGCGCTGGGTCACAAAGCGCTGACGATTACAAACGTTCCGGGATCA

B.subtilis 168 CTCGTTCAAGTCAAAGCGCTCGGACACAAAGCCCTGACAATCACAAACGTACCTGGATCA
kdk dkkkkkkkhkhkkkkkkk kk kkdkkdkkhkk khkkkk kk kkkkkkkk kk kkkkokk

B.subtilis TISTR25 ACGCTTTCCCGTGAAGCGGATTACACATTGCTTCTGCACGCAGGCCCTGAGATCGCCGTG

B.subtilis 168 ACGCTTTCTCGTGAAGCTGACTATACATTGCTGCTTCATGCAGGCCCTGAGATCGCTGTT
kdkdkdkd dkkkhkkhk kk kk kkkkkkkk kk kk kkkkkkkkkkkkkkkkk Kk

B.subtilis TISTR25 GCATCAACAAAAGCGTATACGGCTCAGATTGCCGTCCTCGCGATCCTTGCGTCCGTTGCA

B.subtilis 168 GCGTCAACGAAAGCATACACTGCACAAATCGCAGTTCTGGCGGTTCTTGCTTCTGTGGCT
kdk kkkkk kkkkk kk kk kk kk kk kk kk kk kkk Kk kkkkk kk kk ko

B.subtilis TISTR25 GCAGAACGCAACGGCGTTGATATCGGTTTTGATTTAGTCAAAGAATTAGGTATCGCGGCA
B.subtilis 168 GCTGACAAAAATGGCATCAATATCGGATTTGACCTCGTCAAAGAACTCGGTATCGCTGCA

*k kk kk kkk Kk kkkkkkk kkkkk ok kkkkkkkkk Kk kkkkkkkk *kk
B.subtilis TISTR25 AACGCCATGGAAGCCCTCTGCGACCAGAAGGACGAAATGGAAATGATCGCACGTGAGTAC
B.subtilis 168 AACGCAATGGAAGCTCTATGCGACCAGAAAGACGAAATGGAAATGATCGCTCGTGAATAC

khkkkk Khhkkkkhkkk kk Khhkkkkhkhkhkhkhkk khhkhkhkkkkhkhkhkhkhkhkkhkhkhkhkkk *hkkkk kxk

B.subtilis TISTR25 CTGACTGTTTCAAGAAACGCTTTCTTCATCGGCCGCGGCCTTGACTACTTCGTGTGTGTC

B.subtilis 168 CTGACTGTATCCAGAAATGCTTTCTTCATCGGACGCGGCCTTGACTACTTCGTATGTGTC
kdkdkdkdk kk kkkkk kkkkdkkdkkdkkdkkdkk khkkhkkhkhkkhkkkkkkdkkdkk kkkdokk

B.subtilis TISTR25 GAAGGCGCCCTGAAGCTGAAAGAGATTTCTTACATCCAGGCGGAAGGCTTCGCCGGCGGC

B.subtilis 168 GAAGGCGCACTGAAGCTGAAAGAGATTTCTTACATCCAGGCAGAAGGTTTTGCCGGCGGT
kdkdkdkd dkkkhkhkkkkdkkdkkdkkdkkdkkdkkdkdkkdkhkh hkkkhk *k dkkkkkkkk

B.subtilis TISTR25 GAGCTGAAGCATGGAACAATCGCTCTGATTGAAGAAGGAACACCGGTCTTTGCGCTTGCG

B.subtilis 168 GAGCTAAAGCACGGAACGATTGCCTTGATCGAACAAGGAACACCAGTATTCGCACTGGCA
kdkdk khkkkk khkkkk kk kk  kkkk kkk kkkkkkkkhkk kk kk kk kk Kk

B.subtilis TISTR25 ACACAAGAACACGTCAACCTGAGCATCCGCGGTAATGTGAAGGAAGTCGCAGCCCGCGGC

B.subtilis 168 ACTCAAGAGCATGTAAACCTAAGCATCCGCGGAAACGTCAAAGAAGTTGCTGCTCGCGGA
kdk dkdkk kk kk kkkkk kkkkkkkkkkk kk kk kk kkkkk kk kk kkkkk

B.subtilis TISTR25 GCCAACACTTGCATCATCTCGCTGAAAGGCTTAGAAGACGCAGACGACAGATTCATCCTG

B.subtilis 168 GCAAACACATGCATCATCTCACTGAAAGGCCTAGACGATGCGGATGACAGATTCGTATTG
kdk dkkkk kkkkkkkkkkk kkkkkdkkdkk khkkk kk kk kk kkkkkkkkk ok kk

B.subtilis TISTR25 CCGGAAGTCAACCCTGCGCTTCGTCCGCTGGTTTCTGTTGTGCCATTGCAGCTGATCGCT

B.subtilis 168 CCGGAAGTAAACCCAGCGCTTGCTCCGTTGGTATCTGTTGTTCCATTGCAGCTGATCGCT
kdkdkhkh hkhkkk kkkkkk  kkkk kkkk kkkhkkhkkk kkkkkkkdkkdkokdkkdkokdokk

B.subtilis TISTR25 TACTACGCTGCACTGCACCGCGGCTGTGACGTTGATAAACCGCGCAACCTTGCGAAGAGT

B.subtilis 168 TACTATGCTGCACTGCATCGCGGCTGTGATGTGGATAAACCTCGTAACCTTGCGAAGAGT
kdkdk khkkkkhkkhkhk dkkkkdkkdkkdkkdk kk khkkhkkhkkk kk kkkkdkkdkkdkkdkdokk

B.subtilis TISTR25 GTTACGGTGGAATAATATAT--TTAACCCCTTTGGTTA---TTA-----—— GTGTGAATT
B.subtilis 168 GTTACTGTGGAGTAATAAATGTTTAACCCCTTTGGATAAGATTATCTAAAGGGGTGTTTT
dkhkkkk khhkkkk hhkkkk kk dkhkkkhkkkkhkkkkk *k %* % %k * kkk * %
B.subtilis TISTR25 TAA----AATAAAGTCGCGATGTTTATA----AAAAA--GATGC--GATGTTTAAAATAR
B.subtilis 168 TATGTCCAAAAGCGAAAGAACGTCTACAGTGGAAAAATGGATTAAAGAAGTTGATGGTAC
* % *k * * * kk kk * %* % %k Kk k %* % %k *k kkk Kk * %
B.subtilis TISTR25 AG-----———--- TCG--CGANGTTTATAAAAAAGTTGCGAAGCTTACCCCTTTGGATATG
B.subtilis 168 AGGACCCGACTATCGATCGACCATGGCTATAGATTTAAGATG-TTTCCTCATTAGATCGG
* % %* % %k %* % %k * * Kk k k% kk Kk kk kk Kk kk Kkkk *
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ATTATC---TAAAGGGGTGTT----- TTTGTGTCGAAAAGAAAAAGAACATCTAAAATTG
TCAATCAGGTTAAAAGGCATTAAAACTTGGAGAGAAACTGCTTTTGCCTAACTGAGTTTT
*kk * kk  kk  kk *k Kk ok *k ok * * kk ok kk

ATAAGTGGATTAAAGAGGGTCGAG-GAACTGGC--AGTGGGGCATGATTATCAAGATCTT

CTAATGTTAATACAGATATAAGAGAGCAGTTCCTCATTAAGATACGCTTTTGATAGCAGT
*kk * kk kkk kkk k *k k ok k Kk *k Kk Kk kk Kk * *

TCCTCATTAGGTCGGTCAACAAGATTAAAAGGTATAAAA-ACCGGCA-GACAACATGAGT

TGGAATTTAGCATGCTAGAAATCCGAAAACCGGAGAGCCTATTGGAATGATAACGTGTTT
* *kkok * Kk ok * *kk  k *k * *  kk k kk kkk kk ok

TTTTATCGG--ATTTGGAACGAAACTACTTTTATTTAACTGAATTTTCTGATGTTATTTT

TTTTATTGACAATTAATAAAGGGCAAAGAATTCTAGAAGTCGCACTTACAATGTACTTGT
*kkkkk * *kk *k ok * *k Kk kk * *% *kkk  kk *

AGATATTCGTGAACAATTTCCTTTATTACCACAAGAAGAGACGTTTGCCATTGCTG----

GGGATTAGGTTTTAAAGTTCATTCTTTTTTTATTGAGTACATTCCGGTTAAAGTTGAAAT
* *  kk *k kkk kk  kk *k ok * * ok Kk kk

GAT

Figure 5. Sequence alignment of B. subtilis TISTR25 and B. subtilis 168 gcaA gene by using
ClustalX (1.64b). Asterisk (*) indicates identity.

Table 1. Amino acid composition of B. subtilis TISTR25 GcaA enzyme in comparison with

B. subtilis 168 GcaA enzyme.

Amino acids B. subtilis TISTR25 GcaA enzyme| B. subtilis 168 GeaA enzyme

n n(%) MW MW (%) n n(%) MW MW (%)

A ala alanine 67 11.2 4759 7.3 66 11.0 4688 7.2
C cys cysteine 6 1.0 618 0.9 6 1.0 618 0.9
D asp aspartic acid | 32 5.3 3680 5.6 35 5.8 4025 6.2
E glu glutamic acid | 51 8.5 6581 10.1 46 7.7 5935 9.1
F phe phenylalanine | 16 2.7 2353 3.6 17 2.8 2500 3.8
G gly glycine 45 7.5 2565 3.9 45 7.5 2565 3.9
H his histidine 15 2.5 2055 3.1 14 2.3 1918 2.9
I ile isoleucine 38 6.3 4297 6.6 40 6.7 4523 6.9
K lys lysine 32 5.3 4099 6.3 34 5.7 4355 6.7
L leu leucine 62 10.3 7011 10.7 60 10.0 6785 10.4
M met methionine 13 2.2 1703 2.6 12 2.0 1572 2.4
N asn asparagine 22 3.7 2508 3.8 25 4.2 2851 4.4
P pro proline 16 2.7 1552 2.4 17 2.8 1649 2.5
Q gln glutamine 19 3.2 2433 3.7 22 3.7 2817 4.3
R arg arginine 23 3.8 3590 5.5 20 3.3 3122 4.8
S ser serine 28 4.7 2436 3.7 27 4.5 2349 3.6
T thr threonine 32 5.3 3233 4.9 30 5.0 3031 4.6
V val wvaline 57 9.5 5646 8.6 59 9.8 5845 9.0
W trp tryptophan 2 0.3 372 0.6 2 0.3 372 0.6
Y tyr tyrosine 24 4.0 3913 6.0 23 3.8 3750 5.7
Total 600 100 65431 100 600 100 65296 100
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PTPVEFFVSSDAASVVKHTKKVLFLEDDDLAHIYDGELHIHR-SRREVGASMTRSIQTLE
PMPVEFFLSSDPASVVQHTKKVLFLEDDDIAHIYDGELRIHRASTKSAGESTVRPIQTLE
--AVEYYFASDASAVIEHTNRVIFLEDDDVAAVVDGRLSIHR-IKRTAGDHPGRAVQTLQ
——AVEYYFASDASAVIEHTNRVIFLEDDDVAAVVDGRLSIHR IKRTAGDHPGRAVQTLQ

R .. *

LDASDIEKGTYPHYMLKETDEQPLVMRKIIQTYQD--ENGRLAVAGDVADA---VAEADR
LDASDIEKGTYPHYMLKETDEQPVVMRKIIQTYQD--ENGKLSVPGDIAAA---VAEADR
AAAFLVDKGNHRHFMEKEIYEQPEVIAIALGHYVN---VIDKSCRSDSDAID--FAGVES
LOQYDAGDKGIYRHYMQKEIYEQPNAIKNTLTGRISH-GQVDLSELGPNADEL--LSKVEH
MELAQIMKGPYDHFMQOKEIYEQPESTEFNTMRGRID--YENNKVILGGLKAWLPVVRRARR
MELNEIMKGPYKHFMQKEIFEQPDSAFNTMRGRID--FENCVVTLGGLKSWLSTIRRCRR
MELQQIMKGNFSSFMQKEIFEQPESVVNTMRGRVN--FDDYTVNLGGLKDHIKEIQRCRR
MELQQIMKGNFSSFMQKEIFEQPESVVNTMRGRVN——FDDYTVNLGGLKDHIKEIQRCRR

* % * * * * * x

IYIVACGTSYHAGLVGKQYIEMWANVPVEVHVASEFSYNMPLLSKKPLFIFLSQSGETAD
IYIIGCGTSYHAGLVGKQYIEMWANVPVEVHVASEFSYNMPLLSKKPLFIFLSQSGETAD
LAISCCGTAYLAGLIGKYWFERYARLPVEIAVASEFRYREIPLSPQS-ALFISQSGETAD
IQILACGTSYNSGMVSRYWFESLAGIPCDVEIASEFRYRKSAVRRNSLMITLSQSGETAD
LIMIACGTSYHSCLATRAIFEELSDIPVSVELASDFLDRKCPVEFRDDVCVEVSHCGETAD
IIMIACGTSYHSCLATRSIFEELTEIPVSVELASDFLDRRSPVEFRDDTCVEVSQSGETAD
LILIACGTSYHAGVATRQVLEELTELPVMVELASDFLDRNTPVFRDDVCFFLSQSGETAD
LILIACGTSYHAGVATRQVLEELTELPVMVELASDFLDRNTPVFRDDVCFFISQSGETAD

*** * ** * . K. *****
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* * PR Ko e Kk *k Kk kKk Kkkk ek K* *

LASVAAERNG---VDIGFDLVKELGIAANAMEALCDQKD-EMEMIAREYLTVSRNAFFIG
LASVAADKNG---INIGFDLVKELGIAANAMEALCDQKD-EMEMIAREYLTVSRNAFFIG
LRAGAGKARGTISGDEEQALIKSLAEMPAIMGQVLNSIQPEIEVLSRELSNC-RDVLYLG
LVANVSRLKG-LDASIEHDIVHGLOQALPSRIEQML-SQDKRIEALAEDEFSDK-HHALFLG
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* .
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ALHRGCDVDKPRNLAKSVTVE 600
ALHRGCDVDKPRNLAKSVTVE 600
AVFMGTDVDQPRNLAKSVTVE 605
ALIKGTDVDQPRNLAKSVTVE 609
AVNKGIDVDFPRNLAKSVTVE 716
AVNRGIDVDFPRNLAKSVTVE 713
AVLRGYDVDFPRNLAKSVTIVE 681
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Figure 6. Alignment of the predicted amino acid sequence of B. subtilis TISTR25 GcaA open
reading frame with those of 7 organisms. The amino acid sequences were aligned
by using the ClustalX (1.64b) program. The numbers at the right-hand side are
from initial methionine residue for each sequence. Gaps introduced to maximize
this alignment are shown by dashes, identical residues are indicated by asterisks,
and similar residues are indicated by dots.
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Table 2. Estimated genetic distances among nucleotide sequences of the GcaA gene
from 8 organisms.

Human Mouse S. cerevisiae | C.albicans | B. subtilis B. subtilis R. meliloti E. coli
TISTR 25 168
Human -
Mouse 0.0972 -
S. cerevisiae 0.6511 0.6800 -
C. albican 0.6506 0.6837 0.3666 -
B. subtilis 1.1735 1.2018 1.1549 1.1987
TISTR 25
B. subtilis 1.1185 1.1457 1.1091 1.0688 0.1705
168
R.. meliloti 1.2731 1.2144 1.1958 1.3233 0.9000 0.9302
E. coli 1.0678 1.0592 1.0764 1.1147 1.0080 1.0579 0.8679 -

Table 3. Estimated genetic distances among amino acid sequences of the GcaA protein from

8 organisms.

Human Mouse S. cerevisiae | C. albicans | B. subtilis | B.subtilis | R. meliloti | E. coli
TISTR 25 168
Human -
Mouse 0.01002 -
S. cerevisiae | 0.63101 | 0.63548 -
C. albicans | 0.63200 | 0.63106 0.33108 -
B. subtilis 1.38190 | 1.38313 1.36734 1.37984 -
TISTR 25
B. subtilis 1.38757 | 1.38449 1.36790 1.36973 0.06940 -
168
R.. meliloti 1.32260 | 1.31277 1.31340 1.34859 1.10600 1.07633 -
E. coli 1.12711 | 1.13071 1.15064 1.13109 1.09629 1.08505 0.87441 -
16 J. Sci. Res. Chula. Univ., Vol. 30, No. 1 (2005)
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0.07741

0.15335
S. cerevisiae

033038 0.41547

0.16216

E. coli
0.28110

0.05085 A0.04635

Mouse Human

Figure 7. A phylogenetic tree of the GcaA gene from B. subtilis TISTR 25 and 7
organisms based on nucleotide sequence divergences.

R. meliloti E. coli

0.47817 0.38319

376
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0 43550 0.1629
B. subtilis TISTR25
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0.00465] 0. 00537

Mouse! Human

Figure 8. A phylogenetic tree of GecaA enzyme from B. subtilis TISTR 25 and 7
organisms based on amino acid sequence divergences.
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(b)

Figure 9. The predicted three-dimensional structure of N-terminal domain of B. subtilis
TISTR 25 GcaA enzyme (237 amino acids residues) (a) E. coli GcaA enzyme in
chain A (238 amino acids residues) (b).
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L-glutamine D-fructose-6-phosphate
amidotransferase activity

The GcaA activities of the clones in
various conditions are shown in Table 4. The
specific activity of the GcaA enzyme of E.coli
haboring pUC18 was 96% less than that of

pCSBC14. The specific activities of the GcaA
enzyme of E.coli haboring pCSBC14 with and
without IPTG were not significantly different
(36.01 and 36.23 units/mg protein).

Table 4. L-glutamine D-fructose-6-phosphate amidotransferase activity in cell extracts.

E. coli DH5a Total Total Specific
harboring protein activity activity
(mg) (units) (units/mg)
pUC18 23.60 34.25 1.45
pUCI18+IPTG 21.60 28.69 1.33
pCSBC14 18.88 679.86 36.01
pCSBC14+IPTG 15.36 556.55 36.23

DISCUSSIONS

The 3 recombinant clones containing 0.7,
0.9 and 1.6 kb insert fragments were designated
mCSBC141, mCSBC142 and mCSBC143,
respectively. These clones were sequenced
manually in both directions except for
mCSBC143 which was unidirectionally
sequenced using the forward primer. The
sequence of each clone was compared with the
GenBank deposited DNA sequences using
BLAST. Each of the sequences was
homologous to the L-glutamine D-fructose-6-
phosphate amidotransferase (gcad) gene of B.
subtilis 168 in various positions except the
5> sequence of pCSBC14 which showed no
significant similarity to any sequence in the
GenBank. Each sequence was combined in the
same direction starting at the 3’end of
pCSBC14. A total of 2,308 bases was
determined. The sequence revealed an open
reading frame of 1,803 bp, encoding a protein
of 600 amino acids (Figure 3) with high
homology to GcaA enzyme of B. subtilis 168
(86% identity at the nucleotide sequence level).
The B. subtilis TISTR25 enzyme was also
homologous to the R. meliloti, E. coli, C.
albicans, S. cerevisiae, human and mouse
(Figure 6). These results of sequence
comparisons suggested strongly that pCSBC14
was a clone of the structural gene for the
B. subtilis TISTR25 L-glutamine D-fructose-6-
phosphate amidotransferase (gcaAd).

The specific activity of GcaA enzyme
from E. coli DH5a harboring pUC18 was very
low (Table 4). This result was supported by the
work of Badet et al.'" who purified the E. coli

J. Sci. Res. Chula. Univ., Vol. 30, No. 1 (2005)

GcaA enzyme. The specific activity of the
protein form E. coli harboring pCSBC14 was
about 36-fold higher. Thus, this result strongly
indicated that the activity of GcaA enzyme
from E. coli DH5a harboring pCSBCI14
resulted from the overexpression of this gene
from pCSBC14. Since the direction of the
cloned gcaA gene in pCSBC14 was the same as
the lac promoter, it was suspected that the
expression might be driven by the lac
promoter. To test this possibility, IPTG was
included in the culture medium. The result
from Table 4 showed that the enzyme activities
of cell extracts from E. coli DH5a harboring
pCSBC14 with and without IPTG were not
significantly different (36.01 and 36.23
units/mg protein). Therefore, the expression of
gcaA gene was not under the influence of lac
promoter. It also indicated that the promoter of
gcaA gene itself was present in the clone. From
the sequence of B. subtilis TISTR25 gcaA gene,
the putative promoter regions were found to be
TTGACT and TTGAAA at -10 and -35,
respectively, which were upstreamed from the
putative transcription start site G(+1) (Figure
3). Besides the finding of the putative
promoter, the two possible ribosome binding
sites (Shine-Dalgarno sequences) were found as
AGGAGG and AGGAAG. Furthermore, the
potential p-independent transcription
terminator containing an inverted repeat,
ACCCCTTT and AAAGGGGT, followed by a
tract of T were also found about 114 bp from
the stop codon. A recenty published genome
sequence of B. subtilis revealed that the gcad
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gene (glmS) was about 200 kb from the origin
of replication (oriC).*®

Comparison of prokaryotic and
eukaryotic GecaA enzyme sequences (Figure 6)
revealed a relatively large region (residue 211
to 289 according to S. cerevisiae numbering)
that was present only in the eukaryotic proteins.
Since eukaryotic GecaA enzymes differed from
the bacterial enzymes in that the former were
subjected to allosteric inhibition by uridine 5°-
diphosphate N-acetylglucosamine (UDP-
GlcNAc),? it seemed possible that this region
contained amino acids residues involved in the
interaction with the allosteric effector.

In E. coli, it has been reported that
methioninel (at N-terminal) of GcaA enzyme
was post translationally removed, leaving
cysteine as the N-terminal residue.”  This
cysteine residue was highly conserved among
GcaA enzymes. It had been proposed that the
N-terminal cysteine residue functioned in the
glutamine amide transfer. It was very likely,
from amino acid sequence homology, that the
GcaA enzyme from B. subtilis TISTR25 would
be processed similarly. The N-terminal cysteine
should also function in the glutamine amide
transfer.

Lysine 604 in the E. coli GcaA enzyme
was proposed to be involved in the binding of
D-fructose-6-phosphate.””” The Lysine 604
was in the highly conserved C-terminal region.
The corresponding residue in B. subtilis
TISTR25 GcaA enzyme was Lysine 596.

The genetic distances among nucleotide
sequences and amino acid sequences of §
organisms were calculated using the Kimura
2-parameter and the Dayhoff PAM matrix in
Phylip version 3.5c, respectively and used to
construct a phylogenetic tree. From the
phylogenetic tree based on nucleotide sequence
divergences (Figure 7), the sequence
divergences between groups, i.e, the group
of B. subtilis, yeast (S. cerevisiae and C.
albicans) and higher eukaryote (human and
mouse), were higher than those in the
phylogenetic tree based on amino acid
sequence divergences (Figure 8). This was due
to the degeneracy of the amino acid coding
sequence. Mutation in DNA may or may not
result in amino acid changes. Therefore,
mutations in the DNA sequence were reflected
in the calculated phylogenetic tree, but the
same mutations did not result in changes in
amino acid.

20

The three-dimensional structures of both
the B. subtilis TISTR 25 and the E. coli GcaA
enzyme in Figure 9 are shown as an N-terminal
domain of about 237 amino acid residues. This
domain retains the ability to bind glutamine,
one of the two substrates in the synthesis of
glutamine-6-phosphate.
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