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ABSTRACT

Leaf scald, a bacteria-vascular disease of sugar cane, has Xanthomonas
albilineans as casual organism. The organism may invade the parenchyma
between the bundles and produces reddened pockets of gum, identified as
a xanthan. This xanthan consists of a basal tetramer composed by two
molecules of glucose, one mannose rest and a final glucuronic acid that is
highly repeated to form the macromol ecule. The occurrence of glucuronate
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rest in the polysaccharide requires the action of bacterial UDP-glucose
dehydrogenase. In order to verify that the obtained protein is a true
UDP-glucose dehydrogenase, theidentification of the UDP-glucuronic acid
like only product of reaction was necessary. The detection of the
UDP-glucuronic acid has been carried out by Capillary Electrophoresis.
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INTRODUCTION

Leaf scad, abacterid vascular diseaseof sugarcane,
has Xanthomonas albilineans as casual organism.™*?
The pathogen isconfined mainly to theleaf and stalk
vascular bundles, which are often partly or compl etely
occluded with axanthan-like polysaccharide, producing
desiccation of leaves.

Thexanthan produced by X. albilineans consists
of a basal tetramer that is repeated to form the
macromolecule. Thisbasal tetrasaccharide, composed
by two molecules of glucose, onemannoserest and a
final glucuronic acid, is highly repeated to form the
macromol ecule.® The occurrence of the glucuronate
restinthepolysacchariderequirestheaction of an UDP-
glucose dehydrogenase which catalyses a redox

reaction using UDP-glucose as substrate and NADPH
asacofactor, with oxygen dependencefor enzymatic
oxidationof NADPH.

It belongstoasmall group of dehydrogenasesthat
areableto carry out thetwo-fold oxidation of an d cohol
to an acid without the release of an aldehyde as
intermediate.””! This enzyme has a wide range of
functions. In plants, UDP-glucose dehydrogenaseisthe
main enzyme in the pathway of synthesis of
hemicelluloses and pectins, which arethe components
of newly formed cell wals.®

In plant-pathogenic bacterialike X. albilineans,
UDP-glucose dehydrogenase is not only absolutely
required to the production of the xanthan gum but a so
itisconsidered asadeterminant factor for virulence.

Inorder toverify that theprevioudy purified protein
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isatrue UDP-glucosedehydrogenase, theidentification
of the UDP-glucuronic acid astheonly product of the
reaction wasabsolutely required.

Separation and identification of UDP sugars
derivatives, including UDPglucuronic acid and amino
sugars, in organic samples® or enzymatic reaction
mixtures have been currently achieved by RP-HPLC
on C18 columng™, or columns packet (DEAE-2SW)
with weak-anion gl . \When enzymatic conversion of
UDPglucoseinto UDPglucuronic acid wasmonitori zed
by HPL C, agood correlation was observed between
thereductioninthe areaof the substrate peak and the
occurrence of product peak(s).[® This highly
reproduci ble method for enzyme assay isfast Snceno
intermediatereaction mixtureisrequired.

UDP-sugars analysis has been carrying out by
techniques other than HPL C methods.[*** Capillary
electrophoresis(CE) hasemerged asahighly promising
technique consuming an extremely small amount of
sampleand cgpableof rapid, high-resol ution separation,
characterization and quantitation of anaytes. Numerous
capillary eectrophoressmethodsfor analysis of intact
glycosaminoglycans (GAGS) and
glycosaminoglycan(GA G)-derived oligosaccharides
have been developed. In the last few years, CE has
proved to be avery attractive alternative separation
technique for GAGs and GAG-derived
oligosaccharides. CE affordshigh resolving power and
great flexibility the separation order.

CE also has severa advantages over avariety of
other analytical methods, including an extremely high
separation efficency, on-linedetection, Smpleoperation,
short andysistime, automated and reproducibleandysis,
and very low consumption of samplesand buffers*?

CE isavailable in a number of modes including
capillary zoned ectrophores s(CZE), isod ectric CE, and
micdllar electrokinetic CE. In all of thesemodesitis
possibleto apply norma and reversed polarity. Normal
polarity modeisthe most common mode of separation
by CE. Innormal polarity, the sampleisinjected at the
anode and detected at the cathode, and basic or neutral
buffer are required.*¥ In reversed-polarity mode, the
sampleis applied at the cathode and detected at the
anode, and an acidic buffer isrequired. At very low pH
(<3), thedlanal residuesonthecapillary wall losetheir
negative charge, thus the eectro-osmotic flow is
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decreased. AtacidicpH vaues, thedectro-oamotic
flow istoowesk to overcomethed ectrophoretic mohility.
Themgor forcein the separation isthemobility of ions
under e ectrophoresis. Theresolution achieved by CE
under agiven set of conditionsisdependent mainly on
thecharge, massand molecular mobility of theand ytes
present. Detection is typicaly by ultraviolet (UV)
absorbance or fluorescence emission.[*419

Inthisreport, the detection of the UDP-glucuronate
acid astheunique product of thereaction catalysed by
an UDPglucose dehydrogenase from Xanthomonas
albilineans hasbeen carried out by CE.

EXPERIMENTAL

Purification of UDPG dehydrogenase

Xanthomonas albilineans were cultured in
Willbrink medium, collected by centrifugationand acell-
free extract was prepared as above. Protein was
precipitated with 40% (w/v) saturation ammonium
sul phate; the mixture was stored at 4 °C for 1 h and
centrifuged at 12,000 x gfor 15minat 2°C. The pellet
was discarded and the supernatant was precipitated
aganwith 60% (w/v) saturation ammonium sulphate.
Thesupernatant wasdi scarded; thepdllet wasdissolved
in5mL of 10mM phosphate buffer, pH 6.8 and didysed
at 4°C against the same buffer until ammonium was
completely removed. Solution containing UDP-glucose
dehydrogenasewas chromatographed through aDowex
column (8% cross-linked, dry mesh, 200-400)
positively charged by trestment indluding awashingwith
100 mL 1 N hydrochloric acid and 10 mL 1.7mM
sodium chloridein 10mM phosphate buffer pH 6.8.
Fractions of 3.0 mL were collected and analysed for
protein and UDPG dehydrogenase activity

UDPG dehydrogenase activity was measured in
reaction mixturescontaining 0.5 mL of bacterid protein
solutions, 0.5 mL of 10mM UDP-glucosein 10mM
phosphate buffer, pH 6.8, 0.1 mL of 0.3mM NADPH
and 1.9 mL of phosphatebuffer, pH 6.8. Controlswere
prepared in absence of the substrate, UDP-glucose.
Mixturesweremaintainedfor 30 minat 37 1C, measuring
theoxidation of NADPH by thedecrease of absorbance
at 340 nm. Alternatively, reactionswere devel oped by
bubbling air inreaction mixturesto supply oxygen during
reaction.®l
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Capillary Electrophoresistechniquewith indir ect
detection and reversion of thepolarity

A PIACEMDQ Instrument from Beckman Coulter
(Fullerton, CA, USA) was used to separate UDP-
glucuronic acid from UDP-glucose in the reaction
mixtures, us ng UDP-glucoseand UDP-glucuronicacid
from SigmaChemical Co., asstandards. The system
had adiode array detector with a6 nm bandwidth.

Datawere acquired by using 32 Karat ™ (v 7.0)
software. Microborefused-silicatubing coated with
polyimide (Beckman Coultier, U.S.A.) of 75 umi.d.
and 190 um outer diameter (0.d.) with a total length of
61 cm and a separation length of 50 cm were used.
The buffers used as electrolyte were 5mM of -
resorcylic acid (dissolved in 0.5% v/v of methanol by
volume), pH 3 and 1.0 mM of TTAOH
(tetradecyltrimethilammonium hydroxide).

Reaction mixturesaswell astheir control without
UDP-glucoseweredriedinair flow and theresidues
weredissolvedin 200 uL of SmM of B-resorcylic acid
(dissolvedin 0.5%v/v of methanol), pH 3and 1mM of
TTAOH to be analysed. Standard solutions (0.5 mg
mL 1) or concentrated standard solutions (1.0 mg mL-
1 wereinjected under pressure (0.5 psi for 5s, about
40 nL) and the separation voltagewas 20 kV. Detection
was monitored at 200 nm and 214 nm measuring
absorbance decrease.

Micdlar Electrokinetic Chromatography

Micellar e ectrokinetic chromatography (MEK C)
isamodeof electrokinetic chromatography (EKC) in
which surfactants (micelles) are added to the buffer
solution. Surfactants aremoleculeswhich exhibit both
hydrophobic and hydrophilic character. Separation was
carried out accordingto Legaz et al."" AP/ACEMDQ
Instrument from Beckman Coulter (Fullerton, CA) was
used for thiscapillary electrophoresisanalysis. Inthis
techniquethebuffer used asel ectrolytewere 5mM of
B-resorcylic acid (dissolved in 0.5% v/v of methanol)
pH 3, and ImM of TTAOH and 15 mM of SDS
(sodium dodecy! sulphate) as anionic surfactant agent.

Thesampleswere prepared in thesame conditions
aspreviousasdescribed and dissolved inthesame buffer
but without SDS. The separation voltagewas 20 kV.
Detection was monitored at 200 nm and 214 nm
measuring absorbance decrease.

Hnalytical CHEMISTRY o

Capillary Electrophoresis with anode-cathode
polarity

A PIACEMDQ Instrument from Beckman Coulter
(Fullerton, CA, USA) was used to separate UDP-
glucuronic acid from UDP-glucose in the reaction
mixtures, us ng UDP-glucoseand UDP-glucuronicacid
from SigmaChemica Co., asstandards.

Reaction mixturesaswell astheir control without
UDP-glucoseweredriedinair flow and theresidues
weredissolvedin 10mM sodium borate buffer, pH 9.2,
to be analysed. Standard solutions (0.5 mg mL%) or
concentrated standard solutions (1.0 mg mL ) were
injected under pressure (0.5 ps for 5's, about 40 nL)
and separated at 20 kV using 25mM borate buffer, pH
9.2, aselectrolyte. The separation voltagewas 20 kV.
Detection was monitored at 200 nm and 214 nm
measuring absorbance decrease.

RESULTS

Capillary electrophoresiswith indir ect detection
and reversion of the polarity and micellar
electr okinectic chromatography

The separation of standards, UDP-glucose (as
substrate of the enzyme) and UDP-glucuronic acid (as
product), both preparedat 1.0 mgmL, wasresolvedin
only one pesk with migrationtimevauesof 4.067 min,
identified asUDP-glucose (Figure 1A) and 4.125 min
identifiedasUDP-glucuronicacid (Hgure 1B), repectively.

The separation of diluted standards, UDP-glucose
and UDP-glucuronicacid, both preparedat 0.5mg  mL-
1 wasresolvedintwo peskswith migrationtimevaues
of 4.05min, identified asUDP-glucose(Figure2A) and
4.133 min, identified asUDP-glucuronicacid (Figure2B),
respectively, and both UDP-glucoseand UDP-glucuronic
acidat 0.5 mg mL* wasresolved asonly onepeak with
amigrationtimevaueof 4.15min(Fgure3).

Capillary electrophoresistechniquewith indirect
detection and reversion of the polarity did not produce
then positiveresultsand for thisreason, it wascometo
analyze the samples by micellar electrokinetic
chromatography. The separation of standards, both
prepared a 1.0 mgmL %, wasresolved intwo important
peaksfor UDP-glucose with migration timesva ue of
6.125 minand 8.6 min, respectively. Thefirst pesk could
beinterpreted as acombination of UDP-glucose and
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Figure 1 : (A) Electropherogram obtained by capillary
electrophor esiswith indir ect detection and reversion of the
polarity for UDP-glucose (Img mL 1) used asstandard. (B)
Electr opher ogram obtained by capillary eectrophor esiswith
indirect detection and reversion of the polarity for UDP-
glucuronicacid (Img mL ) used asstandard. Detection was
monitored at 214 nm.
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Figure 2 : (A) Electropherogram obtained by capillary
electrophoresiswith indirect detection and rever sion of the
polarity for UDP-glucose (0.5 mg mL 1) used asstandard. (B):
Electropherogram obtained by capillary electrophoresis
techniquewith indir ect detection and rever son of thepolarity
for UDP-glucuronic acid (0.5 mg mL 1) used as standard.
Detection wasmonitored at 214 nm.
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Figure 3 : Electropherogram obtained by capillary
electrophoresiswith indir ect detection and reversion of the
polarity of a mixtur e of UDP-glucoseand UDP-glucuronic
acid (0.5 mg mL teach one) used asstandar ds. Detection was
monitored at 214 nm.

SDS micelle, whereas the second peak could be
identified asUDP-glucose (Figure4A). Theandysisof
UDP-glucuronic acid was a so resolved in two pesks.
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Figure 4 : (A) Electropherogram obtained by micellar
electr okinetic chromatography for UDP-glucose(1.0mgmL-
1) used as standard. (B): Electropherogram obtained by
micellar eectrokinetic chromatography for UDP-glucuronic
acid (1.0mg mL ) used asstandard. (C) Electropherogram
obtained by micellar electrokinetic chromatography of a
mixtur e of UDP-glucose and UDP-glucuronic acid (1.0 mg
mL 1) used asstandar ds. Detection wasmonitored at 214 nm.
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Thefirst one, with migrationtimevalueof 6.72 min,
could beidentified as UDP-glucuronic acidand SDS
micelle. The second peak with migrationtimevalue of
14.092 min could beidentified asfree UDP-glucuronic
acid (Figure 4B). The mixture of UDP-glucose and
UDP-glucuronicacid at 1.0 mg mL* wasresolvedin
threemain peskswith migrationtimesva uesof 6.4min,
8.73 min and 12.3 min, respectively. The two first
detected peaks could beidentified asUDP-glucoseif
they arecompared to theindividual pattern analysis.
Thethird peak could beidentified asUDP-glucuronic
acid, equivdent to the obta ned peak fromtheindividud
pattern analysis(Figure4C).

Thecontrol reaction (without UDP-glucose) did not
produce any significant peak (Figure 5A) whereasthe
resction mixtureanayss(with substrateand presumably
product formed during reaction (Figure 5B) produced
agreat peak withamigration timevaueof 15.97 min.
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Figure 5 : (A) Electropherogram obtained by micellar
electr okinetic chromatogr aphy of acontrol reaction mixture
(without UDP-glucose). Detection wasmonitored at 214 nm.
(B) Electropher ogram obtained by micellar electrokinetic
chromatogr aphy of ther eaction mixturecontaining substr ate,
enzymeand cofactor, after 30 min. Detection wasmonitored
at 214 nm.

Capillary electrophoresis with anode-cathode
polarity

UDP-glucose (0.5mgmL ™) movedin CEasamain
peak withamigration timevaue of 4.26 min, whereas
UDP-glucuronic acid, at the same concentration,
separated asasingle peak withamigrationtimevaue
of 5.25 min. Both compounds were conveniently
separated fromamixturewithidentical migrationtimes
(Figure 6A) whereas the same sample loaded with

supplementary UDP-glucoseand UDPglucuronic acid
(1.0 mg mL ) maintained well separated peakswith
migrationtimevauesof 4.70 minfor UDP-glucoseand
5.76 minfor UDP-glucuronic acid (Figure 6B).

Control of UDP-glucose dehydrogenasereaction
without substrate did not produce any identified peak
in CE (Figure 6C) whereas the separation of the
component of atrue reaction mixture, containing the
enzymeand itssubstrate, revealed amain peak with a
migrationtimevaueof 6.27 min (Figure6D) identified
asUDP-glucuronicacid. Untransformed UDP-glucose
migrated at 4.88 min. Thus, thecatal ytic conversion of
UDP-glucose by UDP-glucose dehydrogenasein the
presence of both oxygen and NAPDH really produced
UDP-glucuronicacid.
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Figure 6 : Electropherograms obtained by capillary
electrophoresswith anode-cathodepolarity of (A) amixture
of UDP-glucose and UDP-glucuronicacid (0.5 mgmL*each
one). (B) Thesamemixturecontaining doubleamount of UDP-
glucose and UDP-glucuronic acid (1.0 mg mL1). Detection
wasmonitored at 200 nm. (C) Contr ol of enzymatic reaction
mixture without substrate added (UDP-glucose). (D) The
reaction mixtureafter 30 min of contact of theenzymewith
the substrates (UDP-glucose and oxygen) and coenzyme
(NADPH). Detection wasmonitored at 214 nm.

We tried to separate UDP-glucuronic acid from
reaction mixturesfor UDPG dehydrogenaseassay using
CE techniquewith indirect detection and reversion of
the polarity,™ but the separation of theused standards,
UDP-glucose (assubstrate) and UDP-glucuronic acid
(asproduct), did not produce positiveresults (Figures
1-3). For that reason, it was come to analyze the
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samplesby micdlar e ectrokinetic chromatography, 819
when an anionic surfactant such as sodium dodecyl
sulfate (SDS) wasincluded in the€e ectrolyte solution
(Figure4). Inthiscase, moreclarifying resultswere
obtained in that referred to the possi bl e separation of
theused standards (UDP-glucose and UDP-glucuronic
acid), but the separation from reaction mixture did not
produce convincing results (Figure5).

Finally, the best UDP-glucuronic acid separation
was obtai ned using the conventiona CE with anode-
cathode polarity.> The product of enzymatic reaction
has been identified as UDP-glucuronic acid, with a
migration timevalue of 6.27 min, whereas unreacted
UDP-glucose produces apeak at 4.88 min.

Capillary dectrophoresisisincreasngly recognized
asanimportant anaytical separation technique because
of its speed, efficiency, reproducibility, ultra-small
samplevolume, low consumption of solvent, and ease
of removad of contaminants. Theseadvantages suggest
that capillary eectrophoresisisanideal techniquefor
the determination of UDP-sugars. In addition,
separation andidentification of UDPGlucuronicacid as
theuniqueproduct of reaction confirmsthat theenzyme
isolated from X. albilineans is a true UDPG
dehydrogenaseingead of the high functiond differences
with other UDPG dehydrogenasesthat do not require
molecular oxygen for functioning.’!

CONCLUSION

Theresultsgiveninthisstudy demonstratethat UDP-
glucuronic acid conveniently separates from UDP-
glucose by using the conventional CE with anode-
cathode polarity procedure. Attemptsto separatethose
compoundsby CE withindirect detectionandreversion
of thepolarity or micdllar dectrokinetic chromatography
do not produce convincing results. Identification of
UDP-glucuronic acid from reaction mixturescontaining
UDP-glucose dehydrogenasefrom X. albilineansand
UDPG as a substrate is absolutely required for the
identification of theenzyme.
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