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L -arabinose isomer aseis an enzyme converting D-galactose to D-tagatose. D-tagatoseis a potential sweetener -
sucrose substitute which has low calorie. This research was to clone and sequence araA gene from marine
bacterial strain Geobacillus stearothermophilus isolated from Tanjung Api Poso Indonesia. The amplified araA
gene consisted of 1494 bp nucleotides encoding 497 amino acids. DNA alignment analysis showed that the gene
had high homology with that of G. stearothermophilus T6. The enzyme had optimum activity at high temperature

and alkalin condition.
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INTRODUCTION

L-Arabinose isomerase (L-Al) (EC 5.3.1.4) is an
intracelluler enzyme that catalyzes the reversible
isomerization of L-arabinoseto L-ribulose (Izumori et al.
1978). It also can convert D-galactose to D-tagatose
(Cheetam & Wootton 1993).

Although the main conversion of L-arabinose
isomerase is L-arabinose to L-ribulose, production of
D-tagatoseisvery important asa-low cal orie sweeteners.
D-tagatose has sucrose-like taste, but does not contribute
to calorie production (Levin 2002). In addition, D-tagatose
is an anti-hyperglicemial factor with a very low calorie
carbohydrate and bulking agent (Levin et al. 1995). It is
also an efficient antibiofilm which can be used as a
cytoprotectants for storage of organs to reduce the
referfusion injury (Levin et al. 2000). D-tagatose is
interested asmaterial for food and drug industry (Rhimi &
Bear 2005).

Thermophilic L-Al has been reported possessing a
catalytic activity for conversion of D-galactose to D-
tagatose. Generally, isomerization process performed at
high temperature (> 70 °C) offers several advantages, such
ashigher conversionyield, faster reaction rate, and lower
viscosity of the substratein the product stream. However,
higher-temperature process introduces undesired effect
like browning and unwanted by-product formation (Liu et
al. 1996). In order to overcome these problems a
thermostable L-Al with acidic pH optimum (pHopt) would
be desirable and crucial for industrial application (Lee et
al. 2005).

Many researches have been reported the
thermophile L-Als bacteria i.e. L-arabinose isomerase B.
stearothermophilus US100 (Rhimi 2005), Geobacillus
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gearothermophilus(Jung et al. 2005), G ther modenitrificans
(Kim et al. 2005), Thermus sp. (Kim et al. 2003b),
Thermoanaerobacter mathranii (Jorgensen et al. 2004)
andtheacidic L-Al from Alicyclobacillusacidocaldarius
(Leeet al. 2005). Moreover, those of L- Al had been purified
and characterized.

L-arabinose isomerase from G. stearothermophilus
(GSAI) has the highest level of tagatose production and
productivity. The production of tagatose is about 230 g/l
(Kim et al. 2003a) and the productivity is about 54 g/l/h
(Ryu et al. 2003) using abioreactor containing immobilized
G. stearothermophilus L-Al. These results approach
commercia production criteria.

The GSAIl had been cloned, expressed and
characterized. This paper reported the cloning sequencing
and amino acid sequence analysis of L-arabinose
isomerase from marine bacterium G stearothermophilus
isolated from Tanjung Api, Poso, Indonesia.

MATERIALSAND METHODS

Bacterial Strain and Culture Condition. Marine
bacterium G. stearothermophilus was isolated from
Tanjung Api, Poso, Indonesia. It was grown in Nutrient
Broth (NB) on anincubator shaker at 55°C. pGEM-T Easy
was used as a cloning vector and Escherichia coli DH5a
was used as a host for cloning. This strain was grown in
LuriaBertani (LB) medium on anincubator shaker at 37 °C.

Cloning Gene. Genomic DNA of G stearothermophilus
wasisolated from cellsby using Genomic DNA purification
Kit (Fermentas) according to the manufacturer’s
instruction. A modification was performed by adding
lysozyme for 5 hoursto lyse the cell wall of bacteria. To
amplify the araA gene, we designed two primersfrom G
stearothermophilus T6 (GeneBank accession number
AF160811). The oligonucleotides primers were AraA-F
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(GAACGGGATCCAGCAATGATGCTG) and AraA-R
(ATCATACCGCCCCCGCCAAA) witharegtrictionsite of
BamH1 in it (underlined). Dreamtag DNA polymerase
(Fermentas) was used to amplify this gene. The PCR
conditions were set up asfollow; the DNA amplification
in 35 cycles, denaturation at 94 °C for 30s, annealing at
52 °C for 30s, elongation at 72 °C for 1 min, and final
elongation at 72°Cfor 7min. The PCR product waspurified
by using DNA Gel ExtractionKit (Fermentas). Thepurified
PCR product wasthen inserted into pPGEM-T Easy vector
and transformed into E. coli DH5&. Cloneswere screened
using blue-white selection. The positive clonewas showed
as white colony in LB plate containing amphicillin
100 mg/ml, Isoprophyl-&-D-thiogal actopyranosidase
(IPTG) 0,1 mM and 5-bromo-4-chloro-3-indolyl-&D-
galactopyranoside (X-gal) 2 pg/ml. The clones were
checked by colony PCR and plasmid isolation. Further
confirmation was done by sequencing of the amplified
gene from positive clone.

DNA Sequence Analysis. The amplified DNA gene
from positive clone was sequenced at 1stBase Singapore.
The sequences were analyzed by multiple sequence
alignment using the Clustal W Bioedit 7.0.3.5 program.
Amino acid homology of the araA gene was determined
by using BLASTp (http://www.ncbi.nml.nih.gov/blast).

RESULTS

The PCR product of araA genefrom the marine strain
G. stearothermophilus isolated from Tanjung Api, Poso,
Indonesia was 1512 bp (Figure 1). The sequence of the
gene was shown in Figure 2.

Based on amino acid analysis using BLASTp, the
amino acid sequence of araA gene of the bacterium
exhibited ahigher degree of similarity to the araA gene of
thermophilic bacteriai.e. G. stearothermophilus T6 (98%),
Alicyclobacillus acidocaldarius (97%), Thermus sp.
(96%), and Geobacillus thermodenitrificans (95%) than
those of hyperthermophilesi.e. Thermatoga neopolitana
(63%) and Thermatoga maritima (62%) or the mesophiles
i.e. Bacillus halodurans (68%) and E. coli (61%) (Table 1).

M PCR product

1512 bp

Figure 1. The PCR product of araA gene from Indonesian marine
bacterial strain G. stearothermophilus isolated from
Tanjung Api, Poso, Indonesia. Marker 1 kb DNA ladder
(lane 1), PCR product (lane 2).
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Most of the bacteria having high similarity of their araA
gene with the marine strain G. stearother mophilus were
thermophilic bacteriaand activein alkalin condition, only
Alicyclobacillus acidocaldarius was active in acidic
condition (Table 2).

Amino acid sequenceanalysisusing clustal W multiple
alignment reveal ed that 4 amino acids of themarine GSAI
different from other thermophiles at the position of R26,
S208, K361 and P481. Interestingly, theamino acid of S208
(Serine) only found inthismarine GSAI. Thecatalytic site
of theenzymeat E307, E332, H349, H448, D309, E352, and
H447 were conserved for L-Als(Figure 3).

DISCUSSION

Thisresearch wasimportant as primary study to screen
L-arabinose isomerase as a novel tagatose producer in
Indonesia. As a low calorie sweetener, tagatose has
potency to substitute sucrose for diabetic and obesity
sufferers. The main character of L-Al to convert D-
galactoseto D-tagatoseisat high temperature. The marine
bacterial strain G. stearothermophilus isolated from
Tanjung api, Poso was found in the seaaround amountain.
This bacterium lives at high temperature, so that it has
potency to produce athermophile L-Al.

Generally, isomerization is performed at high
temperature, so that thermophile L-Al issuitable for this
process. |somerization at high temperature offers several
advantages such as higher conversion yield, faster
reaction rate, and lower viscosity of the substrate (Liu
et al. 1996). Previous study of L-Al from G.
stearothermophilus (GSAI) found that GSAI is suitable
for commercial production of D-tagatose because it has
high conversion of D-galactose to D-tagatose (Kim et al.
2003a; Ryu et al. 2003).

This study was succed to clone and sequence araA
gene from Indonesian marine bacterial strain G.
stearothermophilus. Based on BLASTp analysis, L-Al
from the bacterium has high identity with most thermophile
L-Alswhich have optimum activity in high temperature
and alkalin condition. The sequence analysis found 4
amino acidsexisted inthe L-Al from the bacterium differ
from other thermophile L-Als. The differences of these
amino acidswereat position of R26, S208, K361, and P481.
We found specific amino acid present in our Al at the
position of 208, that is Serineresidue, whereas others GSAI
was Asparagine and Threonine in B. halodurans. These
amino acids might berelated to catalytic activity of L-Al
because the position of these amino acids was close to
catalytic site of L-Al (Rhimi et al. 2007). The three-
dimentional (3D) protein structure analysis and enzyme
assay may prove the statement.

Rhimi et al. (2007) found that the catalytic site of BSAI
us100wereat position of E306, E331, H348, and H447. The
other amino acidsi.e. D308, E351, F329, and H446 also
contributed to catalytic activity. This catalytic site was
conserved with those of marinelocal GSAI at position of
E307, E332, H349, and H448, aswell asat position of D309,
E352, F330, and H447.
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Figure 2. DNA and amino acid Sequences of araA gene of Indonesian marine bacterial strain G. stearothermophilus isolated from
Tanjung Api, Poso, Indonesia.
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For industrial application, character of L-Al whichwas
active at high temperature and acidic pH could allow to
reduce browning process and formation of by-product
(Liuetal. 1996). Tofulfill the requirements, some studies
of genetic engineering and site-directed mutagenesiswere
performed to improve catalytic activity and enzyme
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stability at low pH (acidic condition). A study of L-Al
from Alicyclobacillus acidocaldarius found that amino
acid at K269 position played an important role on pH
optimum (Leeet al. 2005). Rhimi et al. (2009) proved this
theory by altering the Q268K of theenzyme of BSAI US100
could reducetheoptimum pH to be 6.5. Thefurther research
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Figure 3. Alignment of amino acid sequences of Indonesia marine bacterium L-arabinose isomerase from G. stearothermophilus (GSAI)
with other L- arabinose isomerase (L-Als). The dot box showed the different region of L-Als. Line box showed the conserved

catalytic site of L-Als.
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Table 1. Similarity value of L- arabinose isomerase (L-Als) of Indonesia marine bacterium L-arabinose isomerase from G. stearothermophilus

(GSAl) with other bacteria

Character of enzym Genebank Accesion humber Strain Similarity (identity) (%) E value
Thermophile AAD45718 Geobacillus stearothermophilus T6 98 0.0
AAY 68209 Alicyclobacillus acidocaldarius 97 0.0
CAI129261 Geobacillus stearothermophilus US100 97 0.0
AAQO72082 Thermus sp. 96 0.0
ABY 84698 Geobacillus stearothermophilus IAM 11001 95 0.0
AAQ72737 Geobacillus thermodenitrificans 95 0.0
Hyperthermophile AAK18729 Thermatoga neopolitana 63 0.0
NP 228089 Thermatoga maritime 62 0.0
Mesophile NP 242739 Bacillus halodurans 68 0.0
NP 414604 Escherichia coli 61 0.0
Table 2. Comparative biochemical characteristics of L-arabinose isomerase from several bacteria
Strain Optimum temperature (°C) optimum pH  Requirement of metal ion Reference
Bacillus halodurans 50 7.5-8.0 Mn2* Lee et al. 2005
Escherichia coli 30 8.0 Fe?*, Mn?* Yoon et al. 2003
Alicyclobacillus acidocaldarius 65 6.0 Mn2* Lee et al. 2005
G. stearothermophilus T6 70 7.0-7.5 Mn?* Lee et al. 2005
G.stearothermophilus US100 80 7.5-8.0 No requirement Rhimi et al. 2005
G. stearothermophilus IAM 11001 65 7.5 Mn2* Kim et al. 2003a
G. thermodenitrificans 70 8.5 Mn2* Kim et al. 2005
Thermus sp. 60 8.5 Mn2* Kim et al. 2003b
Thermatoga neapolitana 85 7.0 Co* Kim et al. 2005
Thermatoga maritime 90 7.0-7.5 Co?* Lee et al. 2005

is to study expression, purification and characterization
of marine bacterium GSAI asapotential novel enzymefor
tagatose production in Indonesia.
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