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ABSTRACT

This study was aimed at the isolation and characterization of a microbial strain capable of
producing glucose isomerase. Microbial strain was isolated from soil using starch casein agar as a
differential media. The isolated microbial strain was capable of producing glucose isomerase which
was tested using 2, 3, 5 - triphenyltetrazolium solution as a chromogenic substrate. The microbial
strain was identified as Streptomyces species based on its morphological and microscopic
characteristics. It was further subjected to molecular characterization using 16S rRNA sequencing
and was subsequently confirmed as Streptomyces roseiscleroticus. Glucose isomerase was
produced from Streptomyces roseiscleroticus after 120 hr of submerged fermentation at pH 6.8 and
at 37°C utilizing xylose as the sole carbon source and a compendium of peptone, beef and yeast
extracts as nitrogen sources. These findings suggest that the microbial strain, Streptomyces
roseiscleroticus can be a useful bacterial source for the production of glucose isomerase needed
for commercial and industrial utilization.

Keywords: Streptomyces roseiscleroticus; glucose isomerase; 16S rRNA; sequencing; submerged
fermentation.
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1. INTRODUCTION

Glucose isomerase (EC.5.3.1.5) is predominantly
an intracellular enzyme [1] that catalyzes the
reversible isomerization of D-glucose to D-
fructose [2]. This enzyme is an oxidoreductase
that interconverts an aldose and a ketose [3].
Glucose isomerase belongs to the enzyme
classification of the Isomerases, to the group of
the Intramolecular oxidoreductases, and to the
sub group of enzymes, interconverting in the
sugar series, aldoses to ketoses, ketoses to
aldoses and other related compounds [4].

The isomerization ability of glucose isomerase is
characterized by a hydride shift mechanism
which involves ring opening of the substrate,
isomerization via a metal ion induced hydride
shift from carbon-2 to carbon-1 of the substrate,
followed by the ring closure of the product
formed [4 and 5].

The isomerization ability of glucose isomerase
has attracted great attention because of its
usefulness in the production of sugar syrups
such as fructose syrup and sugar substitutes
which is used world over as an alternative to
sucrose or invert sugar in the food and beverage
industries [6]. This has made glucose isomerase
applicable in a number of food processing
industries and biotechnological processes [7].
Apart from the food industry, this enzyme has
recently gained more interest due to its potential
applications in the biofuel industry majorly in
ethanol production [8]. Glucose isomerase is a
tetramer composed of four identical polypeptide
chains or a dimer of related subunits. Each
monomer consists of two domains: a large N-
terminal domain and a small C-terminal loop

[9].

Many microorganisms have been reported to
produce glucose isomerase, microorganisms
especially the anaerobic clostridium,
thermosulfurogenes, thermoanaerobacter,
thermoanaerobacterium, aerobic pseudomonas,
bacillus, streptomyces, alkalophilic  and
acidophilic actinomycetes [10]. However, glucose
isomerase from the bacillus species,
streptomyces  species, actinoplanes and
arthrobacter species have been reported to be
most suitable for commercial, industrial and
economic utilization [11,6] because of their ease
of isolation and characteristics of being
manipulated by genetic engineering and
biotechnological techniques (12, 1].
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Streptomycetes species have been reported to
be the microorganism of choice for glucose
isomerase production, this is because, they have
very high potential to produce secondary
metabolites [13], such as antibiotics, enzymes
[14], anti- cancer drugs [15], growth factors like
vitamin B12 [16] and immune- modulators [17].
Some members of Actinomycetes group like
Actinomyces olivocinereus, Actinomyces
phaeochromogenes, Actinoplanes missouriensis,
have been reported to produce good amounts of
glucose isomerase. Other bacteria, such as

Bacillus stearothermophilus, Bacillus
megabacterium, Bacillus coagulans,
Bifidobacterium species, Brevibacterium

incertum, Bacillus pentosoaminoacidicum,

Lactobacillus brevis, Lactobacillus buchneri,
Lactobacillus  fermenti, and Lactobacillus
bifermentans are also reported to produce

glucose isomerase [6]. There are reports of
glucose isomerase being extracellular as well as
intracellular  [18], however, reports on
extracellular secretion of glucose isomerase are
not common. Extracellular glucose isomerase
has been reported to be produced by
Streptomyces glaucescens and Streptomyces
flavogriseus, for which the enzyme secretion
from the cells was attributed to a change in the
cell wall permeability and partial lysis of the cells
[18]. Also, the occurrence of glucose isomerase
in a few yeasts such as Candida utilis and
Candida boidinii has been reported [2].
Aspergillus oryzae is the only known glucose
isomerase producing fungus reported [4 and 19].
Glucose isomerase is reported to be abundantly
produced by a fermentation process, particularly,
submerged aerated fermentation [1].

This research work was therefore aimed at the
isolation and characterization of a microbial
strain  capable of (glucose isomerase
production.

2. MATERIALS AND METHODS
2.1 Chemicals and Reagents Used

All chemicals used in this research were of
analytical grade and were obtained directly from
the manufacturers. Major chemicals such as 2, 3,
5 triphenyltetrazolium solution, carbazole,
cysteine hydrochloric acid, Bovin serum albumin
(BSA), dodecyltrimethylammonium  bromide
(DTAB), Folin- ciocalteau reagent and starch
casein agar were obtained from Sigma Aldrich,
Germany.
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2.1.1 Collection of soil sample and isolation
of microorganism

Soil sample was obtained from the Department
of Soil Science garden, University of Nigeria,
Nsukka, using a sterile container. Isolation of the
microorganism was done using the method
explained by Silva et al., [20]. A known weight of
the soil sample (1 g) was mixed with distilled
water (10 ml.). A volume (100 pl) of the solution
was poured on Petri dishes containing nutrient
medium (KH2PO4 0.02%, starch 0.1%, casein
0.04%, MgS04.7H20 0.01%, KNOs 0.05%,
CaCOs 0.01% and agar 1.5%) mixed with 500
mgL-! of penicillin. The collected sample was
serially diluted up to 10 fold using the spread
plate method. The plates were incubated for
seven days at 30 °C. The pure isolate was
identified using the method of Robert et al. [21].
Finally, the bacterial strain was maintained on
sterile nutrient agar.

2.1.2 Screening for glucose isomerase

producing organism

Glucose isomerase producing bacteria were
screened using the method described by
Sapunova et al., [22], in which 2, 3, 5
triphenyltetrazolium solution was used as the
chromogenic substrate.

2.1.3 Molecular characterization of the

microbial isolate

Extraction and Amplification of Microbial DNA
using PCR Genomic DNA (gDNA) was extracted
using AccuPrep DNA extraction Kits (Bioneer,
USA) by following the manufacturer’'s guidelines.
The 16S rRNA of the DNA extract from the
bacterial isolate was amplified using the primer
pairs, forward primer (5 -AGAGTT TGATCC
TGGCTC AG-3°) and reverse primer (5-GCG
CTT TTT GAG ATT CGC TC-3°). The primers
used in this study was synthesized by Eurofins
MWG Operon LLC (Louisville, Kentucky, USA).
The PCR mixture contained, 16 ul of nuclease-
free water, 2 pl of primer (1 pl of the forward
primer and 1 pl of reverse primer), and 2 pl of
DNA extract. The reaction mixture was subjected
to pre denaturation (5 min, 95°C), denaturation (1
min, 94°C), annealing (1 min, 52 °C), extension
(7 min, 72°C) and final extension (7 min, 72°C).

2.1.4 Agarose gel Electrophoresis and DNA
sequencing

This was done using 1.5 % agarose gel (1.5 g of
agarose in 100 ml of Tris-acetate-EDTA (TAE)
buffer. Agarose was dissolved by microwaving in
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1 x TAE buffer. The solution was cooled to 55°C
and then mixed with 12 pl ethidium bromide.
DNA ladder (6 ul) and the amplicon (10 ul) were
introduced into the wells of the gel followed by
electrophoresis at 100 V for 1 hr. The DNA
bands were pictured under a UV light gel imaging
system. The amplicon was sequenced using Big
dye terminator version 3.1 cycle sequencing kit
(Invitrogen, USA)

2.2 Bioinformatics Analysis

The sequenced PCR product was subjected to
BLASTn search on the NCBI website to
determine its sequence similarity with other
bacterial species. Sequences with the highest
similarity were extracted and the phylogenetic
tree constructed using Molecular Evolutionary
Genetics Analysis (MEGA) version 7.

2.3 Glucose Isomerase Production

Submerged fermentation (SmF) technique was
used to monitored glucose isomerase production
as described by Habeeb et al [1]. A volume of
350 ml of the fermentation broth for glucose
isomerase production was constituted in an
Erlenmeyer flask. The fermentation broth for the
enzyme production contained 7 g peptone, 7g D-
xylose, 1.75 g yeast extract, 3.5g NaCl, 3.5g beef
extract and 0.35g MgSO4.7H20 with the pH
adjusted to pH 6.8. From the 350 ml of the broth,
50 ml each were poured into seven (7) 250 ml
cornical flasks, each labeled (one to seven).
These flasks were stopped with aluminum foil
and autoclaved at 121 °C for 15 min to ensure
sterility. The flask were allowed to cool and
inoculated with the Streptomyces isolate using a
10 mm diameter cork borer. For each day and for
each flask, the microbial biomass was separated
by centrifugation at 10000 rpm for 15 min and
washed severally with distilled water. The cells
were further suspended in 0.05 M sodium
phosphate buffer pH 7.0 containing 0.1%
dodecyltrimethylammonium bromide (DTAB) and
then incubated at room temperature for 24 h,
after which it was centrifuged and filtered. Protein
concentration was determined and glucose
isomerase activity was assayed on the filtrate.

2.4 Glucose Isomerase Assay

Glucose isomerase was assayed as described
by Habeeb et al., [1]. An aliquot (0.2 ml) of the
crude enzyme was added into a mixture of 0.5 ml
of 0.1 M potassium phosphate buffer pH 7.5, 0.2
ml of 0.05 M MgS04.7H20 and 0.2 ml of 1 M
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glucose solution. After incubation for 30 min at
60 °C in a water bath, 1 ml of 0.5 M of perchloric
acid was introduced to stop the reaction. The
guantity of fructose produced was determined by
the method of Dische and Borenfreund [23] in
which 1.5% cysteine hydrochloride (0.2 ml), 70%
H2S04 (6 ml) and 0.12% alcoholic carbazole (0.2
ml) were added to the reaction mixture. The
purple color formed was measured at 560 nm
using a spectrophotometer. The absorbance was
converted to glucose isomerase activity using a
fructose standard

2.5 Protein Concentration

The protein concentration of the crude enzyme
was determined using the method of Lowry et al.,
[24] and Bovine Serum Albumin (BSA) as
standard.

3. RESULTS AND DISCUSSION

Starch casein agar was utilized as a differential
medium for the isolation of the microbial strain.
The isolated strain was screened for glucose
isomerase producing ability using 2, 3, 5 -
triphenyltetrazolium solution as the chromogenic
substrate (Plate 2). The basis of the plate
method screening for glucose isomerase
producing ability of microorganism on agarized
media lies in the capacity of D-fructose formed
by the microbial strain to oxidize the colourless 2,
3, 5 - triphenyltetrazolium chloride in alkaline
medium, with the formation of formazan having a
cherry red or a rose-red or dark pink coloration of
the surface of the microbial colonies or isolates

[22]. The microbial isolate was identified as
Streptomyces  species based on their
morphological and microscopic characteristics
(Table 1). The Streptomyces colonies when
plated on nutrient agar were observed to be
sporulated, white to milky in colour and grows
singly, in clusters and sometimes, linearly
(Platel). The isolated microorganism was a gram
positive cocci, and tested positive to catalase,
citrate  utilization, nitrate  reduction and
sugar/starch fermentation tests (Table 2).

The isolated Streptomyces strain was further
subjected to molecular characterization. Agarose
gel electrophoresis of the PCR products showed
a single amplicon band which corresponds to
780 - 789 bp when compared to the DNA ladder

(Fig. 1).

The amplicon band of Lane 11 of the microbial
isolate indicates that the isolate very possibly
belongs to or is a very close relative to the
Streptomyces genus. The phylogenetic analysis
confirmed that the Streptomyces isolate is very
closely related to Streptomyces roseiscleroticus.

(Fig. 2).

Also, from the NCBI blast result of the query
sequence (Table 3) and as shown on the
phylogenetic tree of evolutionary history (Fig. 2),
the  Streptomyces isolate identified as

Streptomyces roseiscleroticus had a similarity
percentage or bootstrap score of 99.51 % to
Streptomyces roseiscleroticus strain AS 4.186
with an accession number NR112381 (Table 3).

Plate 1. Two day old pure isolates of Streptomyces species obtained from soil by serial
dilution. The Streptomyces colonies were observed on nutrient agar

Table 1. Morphological characteristics of the isolated microorganism on starch casein agar

Shape Edge Elevation

Consistency Smell

Opacity Colour

Circular or cocci Round Raised

Singly

Earthly Clear Cream white
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Plate 2. Screening of the microbial strain for glucose isomerase producing ability; Glucose
isomerase producing ability was screened using 1, 2, 3-triphenyltetrazolium solution and
confirmed by the formation of a cherry red or a rose-red coloration of the surface of the
microbial colonies or isolates

Table 2. Biochemical identification of the isolated microorganism

Tests Results
Gram staining Gram positive cocci
Citrate utilization Positive
Nitrate reduction Positive
Catalase Positive
Starch hydrolysis Positive
Sugar fermentation test (glucose, xylose, Galactose, fructose Positive

Jbp

100bp

Fig. 1. Agarose gel electrophoresis of PCR products. Lanes M and 11 represents the DNA
ladder and Streptomyces spp 16S rRNA gene amplicon, respectively
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“ Streptomyces rubiginosus strain NBRC 12913 168 ribosomal RNA, partial sequence
| Streptomyces spiralis strain NBRC 14215 16S ribosomal RNA, partial sequence
lt “U Streptomyces sp. R18-18 gene for 16S ribosomal RNA, partial sequence
9 Streptomyces sp. $2-SC24 16S ribosomal RNA gene, partial sequence
f‘ 7 Streptomyces spiralis strain 13668B 16S nbosomal RNA gene, partial sequence
2 Streptomyces spiralis strain NRRL B-16922 16S ribosomal RNA, partial sequence

[ ¥ high GC Gram+ | 5 leaves
T il high GC Gram* | 11 leaves
(9
g [ ==l high GC Gram+ | 2 leaves

e -l high GC Gram+ | 15 leaves
1 “4 Streptomyces steffisburgensis gene for 16S rfRNA
9
| l : ‘ high GC Gram~+ | 45 leaves
9 ‘ “ Streptomyces sp. Go-475 chromosome, complete genome
| Streptomyces minutiscleroticus strain NBRC 13361 16S ribosomal RNA, partial sequence
: Y ¥ Streptomyces minutiscleroticus gene for 16S rRNA, partial sequence, strain: NBRC 15148
‘ ? “J Streptomyces shandongensts strain 24# 16S ribosomal RNA gene, partial sequence
—""Streptomyces minutiscleroticus strain NBRC 13000 16S ribosomal RNA, partial sequence
o Streptomyces minutiscleroticus gene for 16S rRNA, partial sequence, strain: NBRC 12998
_ ¥ Streptomyces fumigatiscleroticus strain NBRC 12999 16S ribosomal RNA, partial sequence
jStteptomyces fumigatiscleroticus strain NRRL B-3856 16S ribosomal RNA, partial seque...
_ ¥ Streptomyces poonensis strain NRRL B-2319 168 ribosomal RNA, partial sequence
tStrcptomyces poonensis strain NBRC 13485 16S ribosomal RNA, partial sequence
J Streptomyces poonensis strain NBRC 12556 168 ribosomal RNA, partial sequence
“U Streptomyces roseiscleroticus strain AS 4.1846 16S ribosomal RNA gene, partial sequence
Q' 9lcl|Query_120463
A(LStreptomyces roseiscleroticus strain NBRC 13002 16S ribosomal RNA, partial sequence

0.004
I—‘j “0 Streptomyces ruber strain NBRC 14600 16S ribosomal RNA, partial sequence
J Streptomyces roseiscleroticus stramn NBRC 13363 16S ribosomal RNA, partial sequence

Fig. 2. Phylogenetic analysis of the 16 S rRNA genes from the microbial isolate, evolutionary
history was inferred by using the neighbor-joining method. The scale bar represents 0.004
substitutions per base position
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Table 3. NCBI blast result for the query sequence

S/No Sample NCBIidentification Total Query E Similarity  Accession
name Species name Score Cover value (%) number

1 Streptomyces 2614 100 0.0 99.51 NR 112381

roseiscleroticus

Bootstrap score often shows the levels of fermentation broth absorbed by the

relatedness or closeness between the query microorganism.

sequence and other homologous sequences

from the NCBI Genbank. A bootstrap score of 4. CONCLUSION

99.51 % is indicative of a strong relatedness

between the query sequence and Streptomyces The microbial strain, Streptomyces

roseiscleroticus strain AS 4.186.

Studies on the glucose isomerase production
using Streptomyces roseiscleroticus showed that
maximum glucose isomerase production was
achieved on day five of the submerged
fermentation (Fig. 3).

There was a gradual increase in the intracellular
glucose isomerase production from day one to
day five, beyond which, glucose isomerase
production decreased. The gradual increase in
glucose isomerase production could possibly be
attributed to the fact that Streptomyces are slow
growers in their fermentation broth [13] as they
require some time to acclimatize in their growth
or fermentation medium. Also, maximum glucose
isomerase production on day five could be
indicative of the logarithmic phase or
the exponential phase of microbial growth often
characterized by nutrient availability and massive
microbial cell doubling. Furthermore, the
decrease in glucose isomerase production from
day five through day seven could be suggestive
of the microorganism attaining its stationary
phase of microbial growth or the depletion of the
nutrients of the microbial broth. An incubation
period of five days obtained in this study agrees
with the work of Yassien and Jiman [6] who
reported an incubation period of 120 hr for
glucose isomerase production from
Streptomyces albaduncus. Similarly, Pandidurai
et al [2] reported an incubation period of 36 hr for
optimum glucose isomerase production from
Enterobacter  agglomerans.  Variations in
incubation periods for glucose isomerase
production could be attributed to the differences
in the type and strain of the microorganism used.
Similarly, the protein concentration of the various
fermentation period was also monitored. The
highest protein concentration was obtained on
day four (96 hr). This is very likely to be
attributed to the protein compositions (beef
extract, yeast extract and peptone) of the
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roseiscleroticus showed good glucose isomerase
producing capacity. Findings from this study
hence suggests that Streptomyces
roseiscleroticus can serve as a potential source
of glucose isomerase production.
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