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XYLOSE ISOMERASE SYNTHESIS 
IN ACTINOBACTERIA

ARTHROBACTER UREAFACIENS BIM B-6

The role of different carbon sources in biosynthesis of cell-bound xylose 
isomerase by Arthrobacter ureafaciens BIM Â-6 was investigated. It was 
found that in this prokaryotic actinobacterium enzyme production is un-
der control of induction and catabolite repression. High level of xylose 
isomerase production was recorded when bacterium was grown both 
on xylose media and on media with soy, citrus pulp and wheat bran. 
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Xylose isomerase (D-xylose ketol isomerase, E.C. 5.3.1.5) is a key enzyme of 
xylose metabolism in prokaryotes and commodity in top demand at world biocatalyst 
market. Possessing non-strict substrate specificity, xylose isomerase, in addition to 
xylose isomerization into xylulose, catalyzes glucose-fructose conversion. The latter 
motivates wide commercial application of the enzyme for manufacturing glucose-
fructose syrup from saccharified starchy feedstock.

Prerequisite for efficient management of genetic potential of strains producing 
biologically active agents, including xylose isomerase, is to reveal the factors affect-
ing enzyme biosynthesis. As a rule, a critical role in generating enzymes involved in 
carbohydrate metabolism belongs to the source of carbon nutrition. In prokaryotes 
specific substrate and/or its structural analogues in most cases serve as the induc-
ers of biosynthesis, in contrast to glucose repressing xylose isomerase production 
[1]. Among xylose-utilizing bacteria of genus Arthrobacter species showing inducible 
and constitutive type of xylose isomerase synthesis were detected [2-4]. Yet, detailed 
studies on mechanisms controlling enzyme formation in this group of gram-positive 
prokaryotes were not performed.

Earlier we have screened xylose isomerase-producing actinobacteria Arthrobacter 
ureafaciens BIM Â-6 [5]. The aim of this investigation is to study the effect of different 
carbon sources on the growth of the culture and biosynthesis of xylose isomerase.

Materials and Methods
Actinobacteria Arthrobacter ureafaciens BIM Â-6 deposited at National collec-

tion of non-pathogenic microorganisms (Institute of Microbiology, Belarus National 
Academy of Sciences) were chosen as the object of investigation.
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Under the laboratory conditions the microbial culture was maintained on yeast-
peptone agar of the following composition (%): peptone – 1.0; yeast extract – 0.5; 
glucose – 0.5; NaCl – 0.5; agar-agar – 1.5; initial pH 7.2-7.4.

Submerged cultivation of bacteria A. ureafaciens was carried out in 250 ml 
Erlenmeyer flasks containing 50 ml of nutrient medium on the shaker (180-200 rpm) 
at temperature 26-28 °C during 72 hours. The nutrient medium comprised (%): pep-
tone – 1.0; yeast extract – 0.5; K2HPO4 – 0.3; MgSO4·7H2O – 0.1. The compounds 
of different chemical composition in concentration 1% (calculated as carbon) or, in 
case of polysaccharides, 1% (w/v) were used as carbon sources. Initial pH of the 
medium was adjusted to 6.8 with 0.1 M NaOH.

Water suspension of bacterial cells grown on peptone-yeast agar at 26-28 °C 
during 72 hours served as an inoculum in dose of 2 % (v/v).

Biomass accumulation was estimated photoelectrocolorimetrically at wavelength 
λ=540 nm and expressed in optical density units (OD540) or in mg dry biomass per 
1 ml of the medium (mg/ml). Dry biomass amount was determined from pre-plot-
ted graph reflecting relationship between optical density of bacterial cell suspension 
(OD540) and cell weight.

Specific growth rate of bacteria was calculated according to the following formula: 
μ=dxdt-1x-1, where μ – specific growth rate (h-1), x – biomass (OD540), dx – biomass 
accumulation (OD540) for the time interval dt- (h).

Cells of bacteria A.ureafaciens separated from the cultural liquid by centrifug-
ing (8000 g, 15 min), were washed with distilled water and used to assay xylose 
isomerase activity.

Reaction mixture for quantitative evaluation of xylose isomerase contained: 0.2 
ml of 1 M D-glucose solution; 0.5 ml of 0.2 M K,Na-phosphate buffer, pH 7.8; 0.1 ml 
of 0.1 M MgSO4⋅7H2O; 0.5 ml of cell suspension and distilled water to 2 ml volume. 
Duration of isomerization reaction was 1 hour at 70 0Ñ.

Fructose amount was determined by the cystein-carbazole method [6].
One unit of xylose isomerase activity was defined as the amount of enzyme trans-

forming 1 μM glucose during 1 min under above-described conditions. Enzyme activity 
was expressed in U/mg dry biomass and in U/ml cultural liquid (productivity).

The presented results are the average values of data from 2-3 experiments 
performed in triplicate. In the course of statistical data processing confidence interval 
of arithmetical mean was calculated for probability level 0.05 [7-8]. The difference of 
2 mean values was regarded reliable if their confidence intervals did not overlap. The 
obtained results were processed using Microsoft Windows package software.

Results and Discussion
Functioning of any living cell, like microbial one, is based on the balanced 

intracellular biochemical processes promoted by concerted catalytic activities of 
numerous different enzymes. It appears therefore that investigation of mechanisms 
regulating enzymatic reactions at metabolic, structural and genetic levels is an attractive 
challenge for contemporary biological science allowing to lay the theoretical basis for 
the controllable biotechnological systems governing synthesis of microbial products.

Conversion of pentoses dominated by xylose plays a key role in the cell metabolism. 
Xylose isomerization into xylulose mediated by xylose isomerase occurs at the initial 
metabolic stages in prokaryotic microorganisms.

XYLOSE ISOMERASE SYNTHESIS IN ACTINOBACTERIA ARTHROBACTER ...



66 Ì³êðîá³îëîã³ÿ ³ á³îòåõíîëîã³ÿ ¹ 1/2008

Elucidation of mechanisms controlling production of xylose isomerase in 
actinobacteria A. ureafaciens will enable to intensify the process of enzyme biosynthesis 
and thereby to raise efficiency of derived enzyme preparation for fabrication of glucose-
fructose syrup – the natural sweetener for diatetic and preventive-therapeutic products.

Polysaccharides, mono-, di-, aldo-, ketosugars, sugaralcohols, organic acids 
were supplemented as the carbon sources into the nutrient medium for culturing 
A. ureafaciens in studies on xylose isomerase biosynthesis. It may be seen from 
the data presented in Table 1 that bacteria generated the enzyme only if a specific 
substrate – xylose or its structural analogue xylitol was available in the cultural 
medium. It should be noted that natural polymer xylan (which may be hydrolyzed to 
xylose) did not stimulate xylose isomerase synthesis although it promoted the growth 
of A. ureafaciens.

Table 1

Effect of carbon sources on the growth of A.ureafaciens 
and xylose isomerase synthesis

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Apple pectin 7.5±0.3 8.1±0.15 0 0

Citric acid 6.9±0.2 5.3±0.11 0 0

Fructose 6.9±0.3 5.1±0.12 0 0

Glucose 7.2±0.2 7.9±0.16 0 0

Glycerol 7.4±0.2 4.9±0.15 0 0

Pyruvic acid 6.8±0.2 4.8±0.09 0 0

Starch 6.5±0.2 5.9±0.13 0 0

Sucrose 6.8±0.1 7.8±0.17 0 0

Xylan 7.3±0.1 7.1±0.14* 0 0

Xylitol 7.3±0.1 7.8±0.14 0.064±0.0018 0.499±0.008

Xylose 6.9±0.1 7.6±0.15 0.055±0.0016 0.418±0.012
Note: * – biomass contains residual not utilized carbon source

Xylose acting as an inducer of xylose isomerase production is a hardly digestible 
source of carbon nutrition for many microbial species, including the representa tives 
of the genus Arthrobacter [2, 9]. The experimental data summed up in Figure 1a 
indicate that xylose is a favourable source of carbon and energy for the growth of 
the tested strain A. ureafaciens. Bacterial growth started after 1-2 h lag-phase, with 
maximum specific growth rate of 0.114 h-1 recorded by 11 h of fermentation. This 
parameter for bacterial culture growing on the xylitol medium is equal to 0.146 h-1 
upon 14 h (Figure 1b).

Xylose isomerase activity was detected at early exponential phase of A. ureafaciens 
growth, biosynthetic process progressed during subsequent 2 days, reaching the 
peak at stationary phase by the 3d day of bacterium cultivation (figure 2). The level 
of enzyme production by A. ureafaciens on the media with xylose and xylitol under 
non-optimized conditions constituted 0.064 U/mg and 0.073 U/mg and did not decline 
throughout the whole fermentation period.

It may be stated that xylose inducing effect was directly correlated with its 
concentration in the medium, and enzyme production by bacteria A. ureafaciens 
attained top value at specific substrate concentration 1.25 % (Figure 3).
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It is evident that application of xylose for commercial manufacturing of xylose 
isomerase is not profitable. To define production media for growing strain-producers, 
xylose is partially replaced by cheaper carbon sources or substituted by xylan-
containing plant substrates (wheat bran, corn cobs, grain husk, fruit pulp, cotton 
seeds, rice bran) and their hydrolyzates [1, 4, 10-13]. According to our findings, 
chopped plentiful and cheap wastes of vegetable origin, like soya, beet and citrus cake, 
along with wheat bran, oat and soya meals exerted similar and, in some cases, even 
stronger beneficial effect in comparison with xylose on xylose isomerase synthesis 
by A. ureafaciens (Table 2).

Table 2

Effect of xylan-containing plant substrates on the growth of A. ureafaciens 
and xylose isomerase synthesis

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Xylose 6.9±0.1 7.6±0.15 0.055±0.002 0.418±0.011

Wheat bran 8.3±0.3 8.4±0.16* 0.063±0.003 0.529±0.011

Oat meal 7.9±0.2 7.4±0.15* 0.053±0.004 0.392±0.010

Beet cake 8.0±0.4 7.6±0.12* 0.059±0.002 0.448±0.012

Soya cake 8.4±0.2 8.3±0.16* 0.060±0.005 0.498±0.014

Citrus cake 80±0.2 8.0±0.14* 0.054±0.002 0.432±0.010

Soya meal 8.2±0.1 7.3±0.18* 0.058±0.001 0.423±0.013

Note: * – biomass contains residual not utilized carbon source

The complete absence of xylose isomerase activity in A. ureafaciens cells grown 
on media lacking the specific substrate points to the inducible type of xylose isomerase 
synthesis and to possible role of catabolite repression as a regulating factor. It provoked 

Figure 1. Specific growth rate (μ, h-1,� ) and biomass accumulation 
(OD540, �) by A. ureafaciens on the media with xylose (a) and xylitol (b)

Ðèñ. 1. Ñðàâíèòåëüíûå õàðàêòåðèñòèêè ñêîðîñòè ðîñòà è íàêîïëåíèÿ 
áèîìàññû(OÄ540, �) A. ureafaciens íà ñðåäàõ, ñîäåðæàùèõ 

(à) êñèëîçó è (â) êñèëèò
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studies on impact of different carbon sources supplied into xylose medium on enzyme 
production by the examined bacterial strain. The data presented in Table 3 provide the 
evidence that enzyme synthesis in growing culture A. ureafaciens was inhibited by 
all tested compounds, though minimal repressing effect was shown by disaccharides 
lactose and sucrose, maximum repressing effect – by glucose and fructose.

Figure 2. Dynamics of xylose isomerase synthesis by A. ureafaciens 
on the media with xylose (1) and xylitol (2)

Ðèñ. 2. Äèíàìèêà ñèíòåçà êñèëîçîèçîìåðàçû A. ureafaciens íà ñðåäàõ, 
ñîäåðæàùèõ (1) êñèëîçó è (2) êñèëèò

Figure 3. Correlation of xylose isomerase synthesis by 
A. ureafaciens with xylose concentration

Ðèñ. 3. Çàâèñèìîñòü ñèíòåçà êñèëîçîèçîìåðàçû àêòèíîáàêòåðèÿìè
A. ureafaciens îò êîíöåíòðàöèè êñèëîçû
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Table 3

Effect of different carbon sources on growth of A. ureafaciens 
and xylose isomerase synthesis on xylose media

Carbon source, 1% Final pH
Biomass, 
mg/ml

Xylose isomerase

U/mg U/ml

Xylose*: 6.6±0.1 2.2±0.12 0.010±0.0003 0.022±0.0007
+ xylose** 6.8±0.2 3.3±0.10 0.058±0.0017 0.191±0.0054
+ xylitol 7.0±0.1 3.3±0.08 0.061±0.0015 0.201±0.0050
+ glucose 6.9±0.2 3.8±0.09 0.016±0.0005 0.061±0.0013
+ fructose 6.9±0.2 3.2±0.10 0.019±0.0007 0.061±0.0015
+ sucrose 6.7±0.1 3.0±0.11 0.031±0.0009 0.093±0.0023
+ lactose 6.9±0.1 2.9±0.09 0.030±0.0008 0.087±0.0027

Notes:
* - bacteria were cultured on the media with 0.5% xylose during 24 h; 
**- after sampling and supplementing 0.5% of respective carbon sources bacteria were 

additionally grown for 48 h

 

It should be noted that under experimental conditions glucose repressing effect 
depended on its concentration. It may be seen from Figure 4 that production of xylose 
isomerase by A. ureafaciens was not suppressed in presence of 0.1-0.3 % levels of catabolic 
repressor in the cultural medium. When concentration of glucose fed into the nutrient 
medium simultaneously with bacterial inoculation increased to 0.5 and 1.0 %, enzyme 
production decreased by 32 % and 72 % as compared to the control.

Summing up, synthesis of xylose isomerase by A. ureafacien, induced by specific 
substrate xylose and its structural analog xylitol, is repressed by glucose and other readily 
digestible carbohydrates. High level of xylose isomerase production under non-optimized 
conditions and possibility of using diverse xylose-containing plant materials and derived 
processing wastes as components of nutrient media for culturing A.ureafaciens motivate 
the choice of this microbial strain as potential industrial xylose isomerase producer.

Figure  4. Correlation of xylose isomerase (a – U/mg, b – U/ml) synthesis 
by A. ureafaciens with concentration of glucose supplied into xylose medium

Ðèñ. 4. Âçàèìîñâÿçü ñèíòåçà êñèëîçîèçîìåðàçû (à) – U/mg; (â) – U/ml
 àêòèíîáàêòåðèÿìè A. ureafaciens è êîíöåíòðàöèè ãëþêîçû ïðè âûðàùèâàíèè 

áàêòåðèé íà ñðåäàõ ñ êñèëîçîé
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ÑÈÍÒÅÇ ÊÑÈËÎÇÎ²ÇÎÌÅÐÀÇÈ ÀÊÒÈÍÎÁÀÊÒÅÐ²ßÌÈ 
ARTHROBACTER UREAFACIENS Á²Ì Â-6

Ðåôåðàò

Âèâ÷åíî âïëèâ äæåðåë âóãëåöþ ð³çíîãî õ³ì³÷íîãî ñêëàäó íà óòâîðåííÿ 
êë³òèííîçâ’ÿçàíî¿ êñèëîçî³çîìåðàçè ó Arthrobacter ureafaciens Á²Ì Â-6. 
Âñòàíîâëåíî ³íäóêîâàíèé ï³äâåðæåíèé êàòàáîë³òí³é ðåïðåññ³¿ õàðàêòåð á³î-
ñèíòåçó ôåðìåíòà áàêòåð³ÿìè. Âèñîêèé ð³âåíü óòâîðåííÿ êñèëîçî³çîìåðàçè 
ïðè âèðîùóâàíí³ áàêòåð³é íà ñåðåäîâèùàõ ç êñèëîçîþ àáî êñèëîçîâì³ùóþ÷è-
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ìè â³äõîäàìè ïåðåðîáêè ðîñëèííî¿ ñèðîâèíè – ñîåâèì òà öèòðóñîâèì æîìîì, 
ïøåíè÷íèìè âèñ³âêàìè – îáóìîâëþþòü âèá³ð Arthrobacter ureafaciens Á²Ì 
Â-6 ÿê ïîòåíö³éíîãî ïðîäóöåíòà ôåðìåíòà.

Ê ë þ ÷ î â ³  ñ ë î â à: Arthrobacter ureafaciens, ïðîäóöåíò, êñèëîçî³çîìåðàçà, 
á³îñèíòåç.
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ÑÈÍÒÅÇ ÊÑÈËÎÇÎÈÇÎÌÅÐÀÇÛ ÀÊÒÈÍÎÁÀÊÒÅÐÈßÌÈ 
ARTHROBACTER UREAFACIENS ÁÈÌ B-6

Ðåôåðàò

Èññëåäîâàíî âëèÿíèå èñòî÷íèêîâ óãëåðîäà ðàçëè÷íîãî õèìè÷åñêîãî ñòðîåíèÿ 
íà îáðàçîâàíèå êëåòî÷íîñâÿçàííîé êñèëîçîèçîìåðàçû ó Arthrobacter urea-
faciens ÁÈÌ Â-6. Óñòàíîâëåí èíäóöèðîâàííûé ïîäâåðæåííûé êàòàáîëèòíîé 
ðåïðåññèè õàðàêòåð áèîñèíòåçà ôåðìåíòà áàêòåðèÿìè. Âûñîêèé óðîâåíü 
îáðàçîâàíèÿ êñèëîçîèçîìåðàçû ïðè âûðàùèâàíèè áàêòåðèé íà ñðåäàõ ñ 
êñèëîçîé èëè êñèëîçîñîäåðæàùèìè îòõîäàìè ïåðåðàáîòêè ðàñòèòåëüíîãî 
ñûðüÿ – ñîåâûì è öèòðóñîâûì æîìîì, ïøåíè÷íûìè îòðóáÿìè – îáóñëîâëè-
âàþò âûáîð Arthrobacter ureafaciens ÁÈÌ Â-6 â êà÷åñòâå ïîòåíöèàëüíîãî 
ïðîäóöåíòà ôåðìåíòà.

Ê ë þ ÷ å â û å  ñ ë î â à: Arthrobacter ureafaciens, ïðîäóöåíò, êñèëîçîèçîìåðàçà, 
áèîñèíòåç.
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