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Xylose isomerase (D-xylose ketol-isomerase,
EC 5.3.1.5) catalyzes reversible conversion of D-xylose
and D-glucose to D-xylulose and D-fructose, respec-
tively. The enzyme is used for the large-scale produc-
tion of glucose–fructose syrups [1], and the possibility
of its use for transforming plant hemicelluloses into
ethanol and other organic compounds is currently under
investigation [2].

The effectiveness of the existing technologies for
xylose isomerase production is based on the develop-
ment of mutant and genetic engineered strains having
an enzyme activity that is higher than the enzyme activ-
ity of known producers. However, the performance of
such works is connected with assaying a large number
of clones and is significantly hampered by the absence
of sensitive, inexpensive, rapid, and not arduous meth-
ods of screening.

At present, there are various methods for qualitative
and quantitative determination of xylose isomerase [3–8].
Primary selection of xylose isomerase–producing
microorganisms is usually carried out on solid diagnos-
tic media including D-xylose or containing its natural
polymer xylan (hemicellulose) [9–12]. However, con-
sidering only the microorganism growth on agarized
media with D-xylose, it is not possible to unequivocally
judge the key enzyme involved in the utilization of this
substrate. This is due to the fact that D-xylose utiliza-
tion by microorganisms is possible both by its direct
conversion to D-xylulose under the action of xylose
isomerase (EC 5.3.1.5) and by reduction, with the
involvement of xylose reductase (EC 1.1.1.21), to xyli-
tol, whose further oxidation to D-xylulose occurs by
means of xylitol dehydrogenase (EC 1.1.1.9):
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The method most frequently used to detect xylose
isomerase activity in a microorganism is thin-layer
chromatography of the products formed upon the sub-
strate exposition to intact cells or cellular extracts. This
method allows identification of the substrate and the
end product of the enzymatic reaction, aldo- and keto-
saccharides, which stain differently when the chro-
matograms are developed. The modifications of this
highly sensitive but time-consuming and laborious
method differ in the specific substrates used, the condi-
tions of isomerization, separation, staining, and devel-
opment of the initial and end products [7, 13–15].

The “sandwich” solid-phase immunoenzymatic
assay is another method proposed for the primary
assessment of the ability of microorganisms to synthe-
size xylose isomerase [5]. A reliable qualitative estima-
tion of the enzyme activity is performed visually using
an indicator scale based on the existing relationship
between the intensity of coloration of the reaction mix-
ture and the concentration of the enzyme determined.
This proposed rapid screening method makes it possi-
ble to reveal the antigen specific for the enzyme protein
in a large number of strains of a certain species and,
thus, to find the most productive variants. It is evident
that this costly and laborious method is inapplicable for
selecting xylose isomerase producers among microor-
ganisms belonging to different taxonomic groups.

The qualitative reaction of benzidine with D-glu-
cose, the product of D-fructose isomerization, forms
the basis of the method used to screen for transgenic
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Abstract

 

—A plate method was developed to screen for xylose isomerase–producing microorganisms based on
the use of 2,3,5-triphenyltetrazolium as an indicator of D-xylulose, the D-xylose isomerization product. The use
of this method allows microorganisms to be differentiated by the character of the enzyme synthesis (inducible
or constitutive).
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Escherichia coli

 

 clones producing xylose isomerase
[16]. Positive clones first grown on xylose-containing
agar and then covered with a layer of agarized medium
with D-fructose and maintained at 

 

50°ë

 

 form a dark
brown halo around the light colonies. One of the short-
comings of this method is the use of the carcinogenic
substance benzidine as the indicator.

To reveal xylose isomerase among other microbial
proteins after their isoelectric focusing and native elec-
trophoresis in PAAG, the reaction of 2,3,5-triphenyltet-
razolium oxidation by D-xylulose with the formation of
formazan is used [4, 17]. This redox reaction has never
previously been used to screen for enzyme producers
with the plating method; it is used for quantitative
determination of D-xylulose by thin-layer chromatog-
raphy [13]. 2,3,5-triphenyltetrazolium, which is readily
metabolized in the respiratory chain and does not affect
the viability of microorganisms [18], appears to be an

appropriate indicator to be used to screen for xylose
isomerase producers on agarized media.

The aim of this investigation was to develop a plate
method of screening for xylose isomerase–producing
microorganisms based on the use of 2,3,5-triphenyltet-
razolium as the indicator of D-xylulose, the product of
D-xylose isomerization.

MATERIALS AND METHODS

When developing the plate method of screening for
xylose isomerase–producing microorganisms, the fol-
lowing bacteria of the genus 

 

Arthrobacter

 

, differing in
both the activity and the character of xylose isomerase
production, were used: 

 

Arthrobacter

 

 sp. and 

 

A. ureafa-
ciens

 

 were characterized by constitutive and inducible
enzyme synthesis, respectively, and 

 

A. citreus

 

 did not
produce the enzyme [19]. These bacteria are stored in the
collection of microorganisms of the Institute of Microbi-
ology, National Academy of Sciences of Belarus.

Unless otherwise indicated, peptone–yeast agar
with 0.01 M of different carbon sources was inoculated
with the test bacteria. After cultivation at 

 

28–29°ë

 

 for
three days, the plates, either untreated or treated with
the reaction mixture, were developed with a 0.1%
2,3,5-triphenyltetrazolium solution in 1 M NaOH at

 

30°ë

 

 for 1 min in the dark.

The reaction mixture for treating the plates with the
test cultures was composed of distilled water, 0.2 M
K,Na-phosphate buffer (pH 7.8), 0.1 M solution of

 

MgSO

 

4

 

 ·

 

 7H

 

2

 

O

 

, and 0.1 M solution of D-xylose in a
12 : 5 : 2 : 1 ratio.

The xylose isomerase activity of microorganisms
grown on peptone–yeast agar with different carbon
sources was judged by the rose-red coloration of the sur-
face of the colonies or the nutrient medium around them.

When studying the effect of 2,3,5-triphenyltetrazo-
lium on viability and xylose isomerase activity, test
bacteria treated with this compound were plated onto
peptone–yeast agar, grown at 

 

28–29°ë

 

 for three days,
and then used for inoculating liquid nutrient medium in
an amount of 

 

0.5

 

 ×

 

 10

 

7

 

 – 1.0 

 

× 

 

10

 

7

 

 cells/ml.

The nutrient medium for submerged cultivation of
the bacteria included the following (%): peptone, 1.0;
yeast extract, 0.5; 

 

K

 

2

 

HPO

 

4

 

, 0.3; 

 

MgSO

 

4

 

 ·

 

 7H

 

2

 

O

 

, 0.1;
pH 6.8. Mono- and disaccharides, sugar alcohols, and
organic acids at a concentration of 1% by carbon and
polysaccharides in an amount of 1% by weight were
used as sources of carbon.

Submerged cultivation of the bacteria was carried
out in 250-ml Erlenmeyer flasks on a shaker
(180

 

−

 

200 rpm) at 28 to 30

 

°

 

C for 72 h.

Upon completion of the cultivation, bacterial cells
were separated from the culture fluid by centrifugation
(

 

8000 

 

g

 

, 15

 

 min), washed with distilled water, and used
for determination of the xylose isomerase activity.
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Fig. 1. 

 

Screening for xylose isomerase producers among
microorganisms grown on the peptone–yeast agar contain-
ing 0.01 M D-xylose. Plates (a) not subjected to the reaction
mixture and (b) incubated with the reaction mixture at 70

 

°

 

C
for 10 min were developed with 2,3,5-triphenyltetrazolium.
(

 

1

 

) 

 

Arthrobacter citreus

 

; (

 

2

 

) 

 

A. ureafaciens

 

; (

 

3

 

) 

 

Arthro-
bacter

 

 sp.

 

Table 1. 

 

 Influence of the sources of carbon on the synthesis
of xylose isomerase during submerged cultivation of 

 

Arthro-
bacter

 

 sp., 

 

A. ureafaciens

 

, and 

 

A. citreus

 

Carbon 
source, 1%

Xylose isomerase, OD

 

540

 

Arthrobacter

 

 sp.

 

A. ureafaciens A. citreus

 

Xylose 1.88 3.08 0

Xylan 2.88 0 0

Xylitol 2.84 3.16 0

Glucose 2.22 0 0

Fructose 1.50 0 0

Glycerol 1.78 0 0

Lactose 1.25 0 0

Citric acid 1.20 0 0

Apple pectin 1.52 0 0
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The reaction mixture for the quantitative determina-
tion of the xylose isomerase activity contained 1 M
D-xylose solution, 0.2 ml; 0.2 M K,Na-phosphate
buffer (pH 7.8), 0.5 ml; 0.1 M 

 

MgSO

 

4

 

 ·

 

 7H

 

2

 

O

 

, 0.1 ml;
bacterial cells, 20 mg (dry cell mass); and distilled

water to adjust the volume to 2 ml. The duration of the
isomerization reaction was 1 h at 

 

70°ë

 

.
The enzyme activity was expressed in units of opti-

cal density at a wavelength (OD

 

540

 

) corresponding to
the absorption maximum of hydroxymethyl furfurol
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Fig. 2.

 

 Screening for xylose isomerase producers among microorganisms grown on peptone–yeast agar containing (a) 0.01, (b) 0.05,
and (c) 0.1 M D-glucose. After incubation with the reaction mixture at 70

 

°

 

C for 10 min, the plates were developed with 2,3,5-triph-
enyltetrazolium. (

 

1

 

) 

 

Arthrobacter citreus

 

; (

 

2

 

) 

 

A. ureafaciens

 

; (

 

3

 

) 

 

Arthrobacter

 

 sp.
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Fig. 3. 

 

Differentiation of microorganisms grown on peptone–yeast agar with various carbon sources (0.01 M) by the character of
xylose isomerase synthesis. After incubation with the reaction mixture at 70

 

°

 

C for 10 min, the plates were developed with
2,3,5-triphenyltetrazolium. (

 

1

 

) 

 

A. citreus

 

; (

 

2

 

) 

 

A. ureafaciens

 

; (

 

3

 

) 

 

Arthrobacter

 

 sp.
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formed when D-xylulose is determined by the cys-
teine–carbazole method [3].

Biomass accumulation by the bacteria was
expressed in mg of dry cell mass in 1 ml of medium.

The work presents average data of three to five
experiments performed in three replicates.

RESULTS AND DISCUSSION

The basis of the proposed plate method for deter-
mining the xylose isomerase activity of microorgan-
isms on agarized media is the capacity of D-xylulose to
oxidize colorless 2,3,5-triphenyltetrazolium chloride in

an alkaline medium with the formation of formazan
having a dark pink color.

Xylose isomerase is a thermostable enzyme whose
activity optimum is in the 

 

70–80°ë

 

 range [1]. At this
temperature, in addition to enzymatic isomerization,
spontaneous isomerization of D-xylose to D-xylulose
also occurs, and this, after development with 2,3,5-
triphenyltetrazolium, results in strong background
staining of the agarized diagnostic media. This, along
with the difference between the temperature optimal for
growth of most of the mesophilic producer microorgan-
isms (

 

28–30°ë

 

) and the temperature optimal for the
activity of the xylose isomerase synthesized by them
(70 to 80

 

°

 

C), as well as the instability of 2,3,5-triphe-
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Fig. 4.

 

 The scheme of screening for xylose isomerase–producing microorganisms and their differentiation by the character of
enzyme synthesis.
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nyltetrazolium in the light, poses formidable obstacles
to direct screening for the enzyme producers on solid
media with D-xylose.

As was established earlier, the first of the problems
specified above can be solved by decreasing the
D-xylose content in solid media to 0.005–0.01 M and
shortening to 10 min the duration of the enzymatic
reaction performed at 70

 

°

 

C [20]. Other difficulties may
be overcome if the plates with test microorganisms
grown on agarized media with the specific substrate are
first treated with a reaction mixture containing
D-xylose and then with 2,3,5-triphenyltetrazolium as
an indicator revealing the end product, D-xylulose.

Figure 1 shows the results of quantitative determina-
tion of the xylose isomerase activity of the 

 

Arthro-
bacter

 

 sp., 

 

A. ureafaciens

 

, and 

 

A. citreus

 

 test bacteria
grown on peptone–yeast agar with 0.01 M D-xylose for
three days. When the plates were developed with
2,3,5-triphenyltetrazolium without preliminarily treat-
ing them with a substrate solution, the colonies of

 

Arthrobacter

 

 sp. and 

 

A. ureafaciens

 

, synthesizing
xylose isomerase, stained rose-red (Fig. 1a). The colo-
nies of 

 

A. ureafaciens

 

, which differed from 

 

Arthro-
bacter

 

 sp. by a higher level of the enzyme synthesis
also during submerged cultivation on medium with
D-xylose, stained more intensely (Table 1). The color
of the colonies of the xylose isomerase–negative bacte-
rium 

 

A. citrus

 

 remained unchanged (Fig. 1a).
In the experiments that involved pretreatment of the

test bacteria with a reaction mixture containing
D-xylose prior to staining with 2,3,5-triphenyltetrazo-
lium, a pink halo of different tints formed around the

 

Arthrobacter

 

 sp. and A. ureafaciens colonies, which are
positive in the capacity for producing xylose isomerase.
At the same time, no characteristic agar staining was
observed around the colonies of A. citreus, a bacterium
lacking the xylose isomerase activity (Fig. 1b).

It is especially noteworthy that not only did the bac-
teria stained with 2,3,5-triphenyltetrazolium retain via-
bility; they also did not differ in xylose isomerase activ-
ity from the initial cultures (Table 2).

We looked into the possibility of using our method
to identify microorganisms synthesizing xylose
isomerase constitutively. For this purpose, the cultures
of test bacteria were grown on peptone–yeast agar with
different D-glucose concentrations at 28–30°C for
three days, and then the plates pretreated with a reac-

tion mixture containing D-xylose were developed with
2,3,5-triphenyltetrazolium. The data presented in Fig. 2
show that it was only the Arthrobacter sp. bacteria, syn-
thesizing the enzyme constitutively, that yielded a pos-
itive reaction; the test results did not depend on the
amount of D-glucose contained in the medium.

Identification of xylose isomerase producers by the
method proposed and their differentiation according to
the mechanism of enzyme formation—constitutive or
inducible—proved to be possible after growth of the
test cultures on agarized media with monosaccharides
(aldo- or keto-), disaccharides, polysaccharides, sugar
alcohols, or organic acids. As evidenced by the results
shown in Fig. 3, in all the experimental variants, the test
for the formation of D-xylulose was always negative in
the xylose isomerase–negative A. citreus and always
positive in Arthrobacter sp., which produces the
enzyme constitutively. The xylose isomerase activity of
A. ureafaciens was revealed only after growth on media
with D-xylose and xylitol, compounds that induce the
enzyme formation under submerged cultivation condi-
tions as well. Note that the results of the screening per-
formed by the plate method are consistent with the
results of quantitative determination of the xylose
isomerase activity of the microorganisms studied
grown in submerged cultures (Table 1).

The scheme of screening for xylose isomerase–pro-
ducing microorganisms and their differentiation by the
character of the enzyme synthesis—inducible or consti-
tutive—is shown in Fig. 4.

Thus, the proposed plate method of screening for
microorganisms producing xylose isomerase is not
only nontoxic, sensitive, rapid, and simple but also
allows differentiation of microorganisms by the charac-
ter of enzyme synthesis. The method is indispensable in
direct screening for mutant or gene-engineered strains
producing xylose isomerase constitutively.

ACKNOWLEDGMENT
The work was supported by the Belarus Republican

Foundation for Basic Research, project no. B00-233.

REFERENCES
1. Bhosale, S.H., Rao, M.B., and Deshpande, V.V., Molec-

ular and Industrial Aspects of Glucose Isomerase,
Microbiol. Rev., 1996, vol. 60, no. 2, pp. 280–300.

Table 2.  Effect of treatment with 2,3,5-triphenyltetrazolium on the growth and xylose isomerase synthesis by Arthrobacter sp.,
A. ureafaciens, and A. citreus

Bacterial species
Bacteria untreated with 2,3,5-triphenyltetrazolium Bacteria treated with 2,3,5-triphenyltetrazolium

Biomass, mg/ml Xylose isomerase, OD540 Biomass, mg/ml Xylose isomerase, OD540

Arthrobacter sp. 5.30 1.85 5.20 1.89

A. ureafaciens 4.35 1.95 4.51 1.90

A. citreus 5.00 0 5.15 0



112

MICROBIOLOGY      Vol. 73      No. 1      2004

SAPUNOVA et al.

2. Walfridsson, M., Bao, X., Anderlund, M., Lilius, G.,
Bülow, L., and Hang-Hägerdal, B., Ethanolic Fermenta-
tion of Xylose with Saccharomyces cerevisiae Harbor-
ing the Thermus thermophilus xylA Gene, Which
Expresses an Active Xylose (Glucose) Isomerase, Appl.
Environ. Microbiol., 1996, vol. 62, no. 12, pp. 4648–4651.

3. Nakamura, M., Determination of Fructose in the Pres-
ence of a Large Excess of Glucose. V. A Modified Cys-
teine–Carbazole Reaction, Agric. Biol. Chem., 1968,
vol. 32, no. 6, pp. 701–706.

4. Yamanaka, K., Methods Enzymol., 1975, vol. 41, p. 466.
5. Mosichev, M.S. and Kozhanova, S.P., Application of

Immunoenzymatic Analysis in Screening for Glucose
Isomerase Producers, Biotekhnologiya, 1986, no. 6,
pp. 28–32.

6. Kersters-Hilderson, H., Callens, M., Van Opstal, O.,
Vangrysperre, W., and De Bruyne, C.K., Kinetic Charac-
terization of D-Xylose Isomerases by Enzymatic Assays
Using D-Sorbitol Dehydrogenase, Enzyme Microbiol.
Technol., 1987, vol. 9, pp. 145–148.

7. Li Chkhun Sev, Express Screening for Glucose
Isomerase Producers among Various Groups of Microor-
ganisms, IV Vses. konf. “Biosintez fermentov mikroorga-
nizmami,” Tez. dokl. (6th All-Union Conference
“Enzyme Biosynthesis by Microorganisms,” Abstracts
of Papers), 1988, p. 217.

8. Schenk, M. and Bisswanger, H., A Microplate Assay for
D-Xylose/D-Glucose Isomerase, Enzyme Microbiol.
Technol., 1998, vol. 22, pp. 721–723.

9. Sanchez, S. and Smiley, K.L., Properties of D-Xylose
Isomerase from Streptomyces albus, Appl. Microbiol.,
1975, vol. 29, no. 6, pp. 745–750.

10. Chen, W.P., Glucose Isomerase (a Review), Process Bio-
chem., 1980, vol. 15, no. 5, pp. 30–35.

11. Stoichev, M., Ognyanov, I., and Dzhezheva, G., Podbor
na perspektivni shchamove ot rod Streptomyces, produt-
sirashchi enzima glyukozoizomeraza, Acta Microbiol.
Bulg., 1981, vol. 8, pp. 57–62.

12. Kwon, H.-J., Kitada, M., and Horikoshi, K., Purification
and Properties of D-Xylose Isomerase from Alkalophilic
Bacillus no. KX-6, Agric. Biol. Chem., 1987, vol. 51,
no. 7, pp. 1983–1989.

13. Ananichev, A.V., Galitskaya, N.B., Ulezlo, I.V., and
Egorov, A.M., Obtaining of Crystalline Fructose from a
Glucose–Fructose Syrup, Prikl. Biokhim. Mikrobiol.,
1985, vol. 21, no. 2, pp. 260–264.

14. Sarthy, A.V., McConaughy, B.L., Lobo, Z., Sundstrom, J.A.,
Furlong, C.E., and Hall, B.D., Expression of the Escher-
ichia coli Xylose Isomerase Gene in Saccharomyces cer-
evisiae, Appl. Environ. Microbiol., 1987, vol. 53, no. 9,
pp. 1996–2000.

15. Tashpulatova, B.A., Davranov, K.D., and Mezh-
lum’yan, L.G., Characterization of Glucose Isomerase
of Streptomyces atratus, Khim. Prir. Soedin., 1991,
no. 6, pp. 833–837.

16. Lee, C., Bagdasarian, M., Meng, M., and Zeikus, J.G.,
Catalytic Mechanism of Xylose (Glucose) Isomerase
from Clostridium thermosulfurogenes, J. Biol. Chem.,
1990, vol. 265, pp. 19082–19090.

17. Deshmukh, S.S. and Shankar, V., Glucose Isomerase
from Thermophilic Streptomyces thermonitrificans:
Purification and Characterization, Biotechnol. Appl. Bio-
chem., 1996, vol. 24, no. 1, pp. 65–72.

18. Slater, T.P., Sawyer, B., and Sträuli, U., Studies on Suc-
cinate–Tetrazolium Reductase Systems. III. Points of
Coupling of Four Different Tetrazolium Salts, Biochim.
Biophys. Acta, 1963, vol. 77, pp. 383–393.

19. Sapunova, L.I., Kazakevich, I.O., and Parakhnya, E.V.,
Investigation of the Synthesis of Xylose/Glucose
Isomerases by Six Arthrobacter sp. Strains, Mikrobi-
ologiya, 2000, vol. 69, no. 5, pp. 647–652.

20. Sapunova, L.I., Parakhnya, E.V., Kazakevich, I.O., and
Evtushenkov, A.N., The Use of 2,3,5-Triphenyltetrazo-
lium for Qualitative Determination of Xylose Isomerase
on Agarized Media Containing D-Xylose, Biotekh-
nologiya, 2003, no. 1, pp. 85–90.


