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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 B-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 B-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 B-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; K. HPO, — 0.3; MgSO, - 7TH,O — 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
A=540 nm and expressed in optical density units (OD,, ) 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
(OD,,,) and cell weight.

Specific growth rate of bacteria was calculated according to the following formula:
u=dxdt'x"', where pu — specific growth rate (h'), x — biomass (OD,,;), dx — biomass
accumulation (OD,,) 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 MgSO,-7H,0; 0.5 ml of cell suspension and distilled water to 2 ml volume.
Duration of isomerization reaction was 1 hour at 70 °C.

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 pM 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.
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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
) Biomass, Xylose isomerase
Carbon source, 1% Final pH me/ml U/mg U/ml
Apple pectin 7.540.3 8.140.15 0 0
Citric acid 6.9+0.2 5.310.11 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 4.940.15 0 0
Pyruvic acid 6.8+0.2 4.8+0.09 0 0
Starch 6.5+0.2 5.940.13 0 0
Sucrose 6.840.1 7.840.17 0 0
Xylan 7.310.1 7.140.14*% 0 0
Xylitol 7.310.1 7.840.14 0.064+0.0018 0.499+0.008
Xylose 6.940.1 7.610.15 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 la
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'! recorded by 11 h of fermentation. This
parameter for bacterial culture growing on the xylitol medium is equal to 0.146 h'
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 3¢ 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.

[t 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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Figure 1. Specific growth rate (p, h'',®) and biomass accumulation
(OD,,,, 0) by A. ureafaciens on the media with xylose (a) and xylitol (b)

Puc. 1. CpaBHMTe/IbHbIE XaPAKTEPUCTUKU CKOPOCTH POCTA U HAKOMJEHUS
ouomaccol (O, O) A. ureafaciens Ha cpenax, coaepauux
(a) kcuao3y M (B) KCHIAUT

5407

[t 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, Xylose isomerase
mg/ml 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 7.910.2 7.440.15*% 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 8.31£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 8.240.1 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
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Figure 2. Dynamics of xylose isomerase synthesis by A. ureafaciens
on the media with xylose (1) and xylitol (2)

Puc. 2. JluHamMuka cuHTe3a Kcujao3ouzomepasnbl A. ureafaciens Ha cpepax,
coaepxKawux (1) kKcuaosy u (2) Kcuaur

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

Puc. 3. 3aBucumoctb cMHTE3a KCUJ1030U30Mepa3bl aKTHHOOAKTE PUSIMU
A. ureafaciens oT KOHUEHTPALUU KCUJIO3bI
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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 Brlt:)gn}zrilflsy U/ni(;'lose lsomeraze/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 3.240.10 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

Xylose isomerase, U/mg

0.08 - a 0.8 - Xylose isomerase, U/ml b
0.06 - 0.6 -
0.04 + 0.4 4
0.02 ~ 0.2
0 ~ 0 -
0 0.1 03 05 1 0 0.1 03 05 1
Glucose, % Glucose, %

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

Puc. 4. Bsaumocea3b cunTe3a Kcuaoszousomepassl (a) — U/mg; (8) — U/ml
akTMHOOaKkTepusiMu A. ureafaciens 1 KOHUEHTPALUMHU IJIOKO3bl NPU BbIpALIMBAHUU
OaKTepul Ha cpeaax ¢ KCHJI030H

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.
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CUHTE3 KCUJI030i30MEPA3U AKTUHOBAKTEPISIMH
ARTHROBACTER UREAFACIENS BIM B-6

Pedepar

BuBueHo BHJMB [IXKepeJsa ByrJeL0 Pi3HOTO XiMi4HOro CKJagy Ha yTBOPEHHSH
KJiTHHHO3B A3aH0i Kcu/ao3oisomepasu y Arthrobacter ureafaciens BIM B-6.
BcranoBJseHo iHAYKOBaHUH NigBep:keHUN KaTaboaiTHIN penpeccii xapakrep 6io-
cUHTe3y epMeHTa OakTepisiMu. Bucokuil piBeHb yTBOpeHHS KCHJI030i30Mepasu
NpU BUPOLLYBaHHI 6akTepill Ha cepelOBHUILIAX 3 KCUJI03010 a00 KCUJI030BMilllyIOUHU-
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MY Biixogamu nepepoOKU POCAHHHOI CHPOBHHH — COEBHUM Ta LIUTPYCOBUM >KOMOM,
MIIeHUYHUMH BUCIBKAMH — 00YMOBMIOIOThL BUOip Arthrobacter ureafaciens BIM
B-6 six moTeHuUifHOrO MpoayLeHTa (epMeHTa.

Knwuosi caosa:Arthrobacter ureafaciens, npoayleHT, KCHI030i30Mepasa,
H6iocuHTES.
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CHHTE3 KCUJI0O30U30MEPA3bl AKTHHOBAKTEPUAMMU
ARTHROBACTER UREAFACIENS bUM B-6

Pedepar

MccnenoBano BausHUE HCTOUHHKOB YTIJ€pOAa PA3/JHUYHOTO XUMHUYECKOTO CTPOEHHUS
Ha o6pa3oBaHUe KJIETOYHOCBSI3aHHOH Kcumo3ousomepassl y Arthrobacter urea-
faciens BUM B-6. YcTaHoB/IeH HHAYLUUPOBAHHBIH MOABEPKEHHBIH KaTaOOMUTHON
penpeccuu xapakTep OuocHHTe3a (pepmeHTa OakTepussMU. BbICOKMH ypoBeHb
oOpas3oBaHUa KCHUJI030M30Mepa3bl NPU BblpallUBaHUM OakTepuil Ha cpepax c
KCHJI030H HJIM KCHJO30COAEPIKALIUMH OTXOJaMH nepepabOTKH PaCTHUTENbHOTO
CBIPbSl — COEBBIM U LLUTPYCOBBEIM >KOMOM, MIIEHHYHBIMH OTPYOAMU — 00yCJIOBIH-
BaioT BbiOOp Arthrobacter ureafaciens BVIM B-6 B KauecTBe MOTEHIHANBbHOTO
npoayueHra ¢epMeHTa.

KnwoueBsie caoBa: Arthrobacter ureafaciens, npoayueHt, KCUJI030130Mepasa,
OMOCHHTES.
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