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ABSTRACT

The glucose-1-phosphatase encoding gene (agp)mb@&aagglomerans was sequenced and heterologexstgssed
in Escherichia coli. The enzyme showed very highdhagy to periplasmatic glucose-1-phosphataseshafranembers
of the Enterobacteriaceae family. It was isolatexif transformed Escherichia coli cells in a singtep in high yields
(32.3 £ 1.2 mg per litre of culture) by Ni-NT agam affinity chromatography to >95% purity as cafted from
specific activity determinations. The purified glae-1-phosphatase was entrapped in alginate bedtls am
entrapment efficiency of >80%. Temperature stabilitas enhanced as a consequence of entrapmenteaghpH
dependence of enzyme activity was not affectedinMax catalytic activity of entrapped glucose-1-gif@tase was
found at 70°C, whereas the free enzyme exhibitednmah activity at 60°C. A single pH optimum at ptb 4vas
determined for the free and the entrapped enziginetic parameters for the hydrolysis of sodiumtpteywere found
to be affected by entrapment. They were deterninkd K, = 0.84 mmol f and k. = 8 s* at pH 4.5 and 37°C for the
entrapped glucose-1-phosphatase apd=0.35 mmol T and k, = 20.5 §' for the free enzyme. Complete conversion
of phytate into one single myo-inositol pentakigpiate isomer, identified as D-myo-inositol(1,2@)Eentakis-
phosphate, was shown to be feasible by using thyrenloaded alginate beads in batch operations. értiepped
enzyme showed a high operational stability by rétgj almost full activity even after ten uses.

Key words. Entrapmentglucose-1-phosphatasayainositol pentakisphosphakantoea agglomeranphytase

INTRODUCTION range of cellular function, among others secretion,
contraction, cell division, cell differentiation and
The major interest in individual dephosphorylationcell death. It has been recently reported that highly
products of phytate niyo  negatively chargedmyoinositol polyphosphates
inositol(1,2,3,4,5,6)hexakisphosphate] results frongan cross the plasma membrane and be
physiological effects which have been attributed ténternalised by cells (Ferry et al., 2002; Maffucci
their action. About 35 of the 63 possibteyo et al.,, 2005). Therefore, every extracellutayo
inositol phosphates were identified in differentinositol phosphate may possibly affect cellular
types of cells (Shears, 1998). Depending on cefunctions. Dmycinositol(1,2,6)trisphosphate, for
type, myoinositol phosphates were linked with aexample, has been studied in respect to prevention
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of diabetes complications and treatment of chronic

inflammations (Carrington et al., 1993; Claxon eMATERIALSAND METHODS

al.,, 1990). Because of its antiangiogenic and

antitumour effects myoc  Chemicals

inositol(1,3,4,5,6)pentakisphosphate wasPantoea agglomeranswas isolated from an
suggested as a promising compound for anticancétdonesian rice field@ryza sativavar. IR64) and
therapeutic strategies (Maffucci et al., 2005). Iridentified by biochemical and phylogenetic analysis
addition, myoinositol phosphates containing the (Sajidan, unpublished). Phytic acid, as a
1,2,3-trisphosphate grouping may reduce thelodecasodium salt, was purchased from Aldrich
likelihood for iron-catalysed lipid peroxidation (Steinheim, Germany), Ultrasep ES 100 RP18 from
(Phillippy and Graf, 1997), because iron wasBischoff (Leonberg, Germany) and high
demonstrated to bind to this grouping in such @erformance ion chromatography Carbo-Pac PA-
way that it cannot catalyse the formation 0of100 column from Dionex (Sunnyvale, CA, USA).
hydroxyl free radicals (Hawkins et al., 1993).

The use of non-enzymatic phytate hydrolysis oCloning of the glucose-1-phosphatase encoding
chemical synthesis to provide access to individuajene and nucleotide sequence analysis

myainositol phosphate isomers is often associateThe glucose-1-phosphatase encoding gene without
with high expense and is not very efficient. Thesignal peptide was amplified fromPantoea
direct production of the desired isomer usingagglomeransDNA using the forwardNdd-linked
enzymes proves to be far more effective. Phytatgrimer IP5f (5"-CATATGCAAGAGACGCCGGA
was reported to be dephosphorylated by a speciAlGGG-3") and the reversklindlll-linked primer
class of phosphatases regio- and stereo-selectivel|iPer (5-AAGCTTCTTCGCCGCGTTATT-3") by

a stepwise manner by producing, in general, onlPCR. Both primers were designed according to the
onemyaoinositol pentakis-, tetrakis-, tris-, bis-, and nucleotide sequence of the glucose-1-phosphatase of
mono-phosphate isomer (Konietzny and GreinelE. coli and Enterobacter cloacgetwo further
2002). Separation of the different partiallymembers of theEnterobacteriaceaefamily. The
phosphorylatednyoinositol phosphate esters wasamplicon was cloned into pGEM-T (Promega). A
shown to be easily feasible by anion-exchang®NA fragment harbouring the glucose-1-
chromatography (Greiner et al., 2002). Recently phosphatase encoding gene was obtained by
uniqgue myocinositol phosphate phosphatasedigestion of the resulting plasmid witidd and
activity was reported foragpencoded acid Hindlll, and purification of the fragment from an
glucose-1-phosphatases of the Gram-negativégarose gel was perfomed using the QIAquick Gel
Enterobacteriaceadamily membersEscherichia Extraction Kit (Qiagen). The purified DNA
coli (Cottrill et al., 2002),Pantoea agglomerans fragment was inserted between Nd andHindlll
(Greiner, 2004a), andEnterobacter cloacae sites of pET-22b(+) (Novagen). The resulting
(Herter et al., 2006). These enzymes cleave onljlasmid, designated pIP5, was transferred Bto
the D-3 phosphate from phytate and no furthecoli BL21 (DE3) (Invitrogen). The insert was
hydrolysis takes place. This provides access tsequenced in both directions using standard primers
sufficient amount of Dmyoinositol(1,2,4,5,6)pen- (T7 promoter primer (Novagen): 5°-TAAT
takisphosphate for physiological studies or as ACGACTCACTATAGGG-3"; T7 terminator
substrate for the enzymatic production of furtheprimer (Novagen): 5-GCTAGTTATTGCTCAGC
partially phosphorylatednycinositol phosphate GG-37) and specific primers (SEQ1, forward 367-
isomers. 384: 5-ATGGATCCGACCTTCAAT-3"; SEQ?2,
In this communication we report on the productiorforward 805-822: 5 -ATCGATAAAACCCTGGT-

of D-myoinositol(1,2,4,5,6)pentakisphosphate3”; SEQ3, reverse 429-412: 5-AATCGCTTGTTC
using alginate-entrapped recombinaRantoea ACGGAA-3"; SEQ4, reverse 903-886: 5-ATCCA
agglomerangylucose-1-phosphatase. FurthermoreGCGCCGTGAGCAG-3) with an automatic
this paper describes the nucleotide sequence of tsequencing system (ALF, Pharmacia).
glucose-1-phosphatase encoding gene, the amino

acid sequence of the enzyme and its heterologo®ecombinant enzyme production

expression irescherichia coli E. coli BL21 (DE3) cells harbouring pIP5 were
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cultured at 37°C in LB medium containing

ampicillin (100pug mr?). At ODsy=0.6-0.7, glucose- Preparation of enzyme-loaded alginate beads and
1-phosphatase expression was induced by additigmoduction of D-myo-inositol(1,2,4,5,6)pentakis-

of isopropyl$-D-thiogalactopyranoside (IPTG, final phosphate

concentration 1 mM). After further 6 h at 37°C, the20 mg of the purified glucose-1-phosphatase were
cells were harvested by centrifugation at 7¢p@6d dissolved in 20 ml of a 2% (w/v) Na-alginate
4°C for 15 min and resuspended in 50 mM sodiursolution. The beads were prepared by dropping the
acetate buffer, pH 4.5. Bacteria were lysed by thsodium alginate solution containing glucose-1-
following procedure: 1. Cells were frozen at -80°Cphosphatase from a syringe with a 0.5 inch flat-tip
for 10 min and thawed at room temperature for 2@eedle to a magnetically stirred 0.05 M calcium
min; freezing and thawing was repeated twice. Zhloride solution (200 ml) at a rate of 2 ml thin
Sonication for 1 min; sonication was repeated twiceThe beads were collected by decanting the calcium
Cell debris was removed by centrifugation atchloride solution, washed thoroughly with deionised
10,00@¢ and 4°C for 30 min and glucose-1-water and transferred into 50 mM sodium acetate
phosphatase was purified from the clear supernataptiffer, pH 4.5 (180 ml). The mixtures were
by affinity chromatography using Ni-NT agaroseincubated in a shaking water bath at 40°C for 30
(Qiagen). To determine the enzymatic properties ahin. Thereafter, 20 ml of a sodium phytate solution
the recombinant glucose-1-phosphatase, the enzyr(00-500 mM) in the same buffer pre-heated to
was purified from the enzyme preparation obtained0°C were added and mixed thoroughly. The reactor
from Ni-NT agarose affinity chromatography towas run at 40°C in batch operations. From the
apparent homogeneity as described previouslyncubation mixtures, 1 ml samples were removed

(Greiner, 2004b). periodically and assayed for myginositol
phosphates and phosphate.
Assay of enzyme activity and protein estimation Entrapment efficiency was determined by dissolving

Enzyme activity measurements were carried out d@he enzyme-loaded beads in 20 mM Tris-HCI buffer,
37°C. The enzymatic reactions were started by theH 8.0 within 2 h. The resulting solution was
addition of 1Qul enzyme to the assay mixtures. Thecleared by centrifugation at 5.@9@r 20 min and
incubation mixture consisted of 35@ 0.1 M the supernatant was assayed for phytase and
sodium acetate, pH 4.5 containing either dmdol  glucose-1-phosphatase activity. Control experiments
sodium phytate or 1.%mol glucose-1-phosphate. were run to quantify the effect of pH on enzyme
After incubating for 30 min at 37°C, the liberatedstability. Entrapment efficiency was defined as the
phosphate was measured according to the ammtio of total enzyme activity after dissolving the
nium molybdate method (Heinonen and Lahtibeads and total enzyme activity used to prepare the
1981) with some maodifications. 1.5 ml of a freshlybeads.

prepared solution of acetone/5 N.S@/10 mM  To study the effect of pH on phytate degradation by
ammonium molybdate (2:1:1 v/v) and then 100 the free and the entrapped enzyme, the following
1.0 M citric acid were added to the assay mixtare f buffers were used in the above described standard
enzyme activity determination or to 4Q0 of the assays: pH 2.0-3.0, 50 mM glycine-HCI; pH 3.5-6.0,
incubation mixtures of the alginate reactor. Any50 mM sodium acetate-HCI; pH 6.0-7.0, 50 mM
cloudiness was removed by centrifugation prior td'ris-acetic acid; pH 8.0, 50 mM Tris-HCI. The
measurement of absorbance at 355 nm. To calculaemperature dependence of phytate degradation by
enzyme activity, a calibration curve was producedhe free and the entrapped enzyme was determined
over the range of 5-600 nmol phosphate 8.7 crd  in the range from 25 to 80°C using the above
nmolY). Activity (units) was expressed aspinol  described standard assays at the given temperature.
phosphate liberated per min. Blanks were run bin order to check thermal stability the alginate
addition of the ammonium molybdate solution prioreactor was run in 20 mM sodium acetate buffer, pH
to adding the enzyme to the assay mixture. 4.5 containing 10 mM sodium phytate at different
Total protein concentration was determined by th&emperatures for 30 min. The beads were collected
Coomassie blue G-250 dye-binding assay usingy decanting the buffer, washed twice with
bovine serum albumin as a standard (Bradfordjeionised water and transferred into 200 ml of 50
1976). mM sodium acetate buffer, pH 4.5 containing 10
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mM sodium phytate pre-heated to 37°C. Theescherichia coli(81% nucleotide identity and 82%
mixtures were incubated at 37°C for another hour. amino acid identity),Shigella dysenteriag81%
Kinetic experiments were carried out at 37°C in 5(ucleotide identity and 81% amino acid identity),
mM sodium acetate buffer, pH 4.5 containingand Salmonella entericgd78% nucleotide identity
sodium phytate in a serial dilution of a conceetiat and 80% amino acid identity). The matiantoea
stock solution (10 mM). The kinetic constants,(K agglomerangylucose-1-phosphatase consists of 391
Vmay Were calculated from Lineweaver-Burk plotsamino acids and its molecular mass was calculated
of the data. For calculation of;ka molecular mass to be 43,871 Da. This is in excellent agreemertt wit
of 42 kDa for thePantoea agglomeranglucose-1- the molecular mass of 43,000 + 1,000 Da estimated

phosphatase was used (Greiner, 2004b). by gel filtration and 42,500 + 2,000 Da by SDS gel
electrophoresis (data not shown).
Myo-Inositol phosphate analysis Pantoea  agglomerans glucose-1-phosphatase

20 ul of samples were chromatographed on a higbelongs to the family of histidine acid phosphatase

performance liquid chromatography Ultrasep ESThe enzyme contains an N-terminal RKRXP

100 RP18 (2 x 250 mm) column. The column wasequence motif (residues 18-24) as well as a R

run at 45°C and 0.2 ml minwith an eluant (residue 95) and a C-terminal HD motif (residues

consisting of formic acid:methanol:water:TBAH 289-290) (Fig. 1), which are common for glucose-1-

(tetrabutylammonium hydroxide) (44:56:5:1.5 v/v),phosphatases from various members of the

pH 4.25 (Sandberg and Ahderinne, 1986). AEnterobacteriaceadamily (Herter et al., 2006; Lee

mixture of the individualmyainositol phosphate et al., 2003). The catalytic region of these gleebs

esters Ifyainositol trisphosphate -myacinositol  phosphatases differs slightly from other histidine

hexakisphosphate) was used as a standard. &oid phosphatases (van Etten et al., 1991), simce a

identify the enzymatically formed phytate Asn replaces the Gly in RHGXRXP. However, the

degradation products, 5@ of the samples were replacement is thought to be of minimal influence

chromatographed on a high performance iobecause the side chain of Asn-20 points to the

chromatography system using a Carbo Pac PA-1Qfpposite direction of the active site and the pasit

(4 x 250 mm) analytical column and a gradient of 5-ef the Asn-20 peptide oxygen is still conservede(Le

98% HCI (0.5 M, 0.8 ml mif) (Skoglund et al., The enzyme was primarily produced as an

1998). The eluants were mixed in a post-colummtracellular enzyme and it could be isolated from

reactor with 0.1% Fe(N¢k x 9 HO in a 2% HCIQ the crude extract in a single step in high yieRE&3

solution (0.4 ml miff) (Phillippy and Bland, 1988). + 1.2 mg per litre of culture) by Ni-NT agarose

The combined flow rate was 1.2 ml min affinity chromatography to >95% purity as
calculated from specific activity determinations.
Because the recombinant glucose 1-phosphatase

RESULTSAND DISCUSSION was shown to exhibit the same molecular mass
(43,000 + 1,000 Da estimated by gel filtration and

Nucleotide sequence analysis of the Pantoea 42,500 + 2,000 Da by SDS gel electrophoresis)

agglomerans glucose-1-phosphatase  encoding  compared to the wild-type enzyme (42,000 + 1,500

gene (agp) and its heterologous expression in  Da and 41,500 + 2,500 Da respectively (Greiner,

Escherichia coli 2004b)), it could be concluded that the full-length

Sequence analysis of theantoea agglomerans al., 2003).

glucose-1-phosphatase encoding gene (Fig. 1)

revealed an open reading frame with 92% nucleotide

identity and 96% amino acid identity to

Enterobacter cloacae glucose-1-phosphatase.

Furthermore, high homology was found to

periplasmatic glucose-1-phosphatases of other

members of th&nterobacteriaceaéamily, such as

Shigella sonne{81% nucleotide identity and 82%

amino acid identity), Shigella flexneri (81%

nucleotide identity and 82% amino acid identity),

Braz. arch. biol. technol. v.51 n.2: pp.235-246 lfepr. 2008



Production of Dmyeinositol(1,2,4,5,6) Pentakisphosphate Using Altgriantrapped Recombinant 239
1 CATATGCAAG AGACGCCGGA AGGGTATCAG CTGCAGCAAG TTTTAATCAT GAGCCGICAC
M Q ETPE G Y L QQ VLI M S RH 19
61 AACCTGCGCG CACCGCTCGC CAATAACGEC AGCGIGCTGG AGCAATCCAC GCCGAACGAG
NLR APLA NNG SVL EQST P NE 39
121  TGGCCGGAGT GGGACGTGCC GGGCGGTCAG CTTACTACCA AGGGCGGECGT GCTTGAAGTC
WPE WDVZP GGQ L TT KOGGV L EV 59
181 TATATGGGAC ATTACATGCG CGAGTGCCTG GCAGAGCAGG GAATGGTGAA GACGGGAGAA
Y Mm G HY MR E WL A E G MV K T G E 79
241 TGTCCTGCGG CGGATAGCGT TTATGCTTAC GCCAACAGCC TTCAGCGTAC CGITGCCACC
cC PA ADSV Y AY A NZS L R T V AT 99
301 GCCCAGITCT TCATCACCGG AGCATTCCCG GGATGCGACG TTCCCGTGCA CCATCAGGAA
AQF FI T G A FP GCD VPV H HOQE 119
361 AAAATGGGCA CCATGGATCC GACCTTCAAT CCGGTGATAA CCGATAACTC GCCGGAATTC
K ~»m G T MmDP TFN P VI TDNZS P EF 139
421  CGTGAACAAG CCCTTAAGGC GATGGAGACC GAGCGGAAGA AAATGCAGCT TACCGAAACC
R EQ AL KA MET ERIK KMOQL TE S 159
481 TATAAGCTGC TGGAGGAGAT GACGAACTAC GCGGATGICC CGTCCTGCAA AGAGAAAAAG
Y K L L EEM TNY A DV P S CK E KK 179
541 GACTACTCGC TGGCAGATGC GAAAGATACT TTCAGCGCTG ATTACGAAAA AGAGCCAGGC
DYS S L ADA KDT F SA DY EK E P G 199
601 GITTCCGGEGEC CGCTGAAGGT GGGTAACTCG CTGGITGACG CATTTACGCT GCAGTATTAC
vV S G PL KV GNS L VD A FTL QY'Y 219
661 GAAGGITTCC CGGCAGACCA GGIGECCTGG GGAGAGATCA AAACCGACCA GCAGIGGCGC
E GF P A DQ VAW G EI KTUDOQ Q WR 239
721  GTACTGICGA AGCTGAAAAA CGGITATCAG GACTCGCTGT TTACCTCTAC CGAGGTGGECG
vV L §S KL KN GY Q DSL FT ST E VA 259
781  CAAAACGICG CCAAACCGCT GGTGAAATAC ATCGATAAAA CCCTGGTCAC CGAACAGECG
Q NV AKWPL VKY I DK TL VT E QA 279
841  AAAGCGCCGA AAATTACCCT GCTGGTGEGG CATGATTCAA ACATCGCTTC CCTGCTCACG
K AP KI TL LV G HDS NI AS L L T 299
921  GCGCTGGATT TTAAACCGTA CCAGCTGCAC GACCAGCAGG AACGCACCCC GATTGECGCC
AL D FKPY QL H DQQ ERTWP I GG 319
981 AAAATTGICT TCCAGCGCTG GCATGACAAA AACAGCAACC AGGAATTGAT GAAAATTGAG
K1 VvV FQRW HDJ K NSN QEL M KII E 339
1041 TATGICTATC AGAGCTCGGA GCAACTGCGI AACGCCAGCG TGCTGICGCT GCAATCTCCG
Y VY QS SE QLR NAS VLSL QSsS°€P 359
1101  GCGCAGCGCG TGACCGCTTGA GCTTAAGGGEC TGICCGGTCG ATGIGAACGG CTTCTGICCT
AQR V TLE L KG CPV DVNG F CP 379
1161  GTCGACAAAT TCAATGCGGI GATGAATAAC GCGGCGAAGT AAAAGCTT
V D K F N AV M NN A A K *

Figure 1 - Nucleotide sequence of the glucose-1-phosphatasediery gene ggp of Pantoea
agglomeransand the deduced amino acid sequence of the ghicpbe®sphatase. The
primer sequences used for gene amplification aderlined. Amino acids marked as
bold represent signature motifs of the catalytigime. The determined nucleotide
sequence was deposited in the NCBI Gene-bank datatyader accession number
DQ435815.

Enzymes used in biotechnological applicationdgransformed with the empty pET-22b(+) plasmid
should be effective, stable to resist inactivation byTable 1). The difference in both activities hadéo
processing conditions and storage, and cheap #ttributed to the expression of one single enzyyne b
produce. As a first step to an economicallyE. coli BL21 (DE3) harbouring plIP5 that is the
competitive production system for thHeantoea Pantoea agglomeranglucose-1-phosphatase. This
agglomerangylucose-1-phosphatase, the encodingnzyme has been demonstrated recently to
gene was heterologously expresse&#cherichia dephosphorylate glucose-1-phosphate and phytate
coli. E. coli BL21 (DE3) cells transformed with (Greiner, 2004b). Activity towards glucose-1-
plasmid pIP5 showed significant higher glucose-1phosphate has been shown to be 4.8-fold higher than
phosphatase and phytase activity than thosactivity towards phytate. By taking only the enzyme
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activities that were due to the transformation wittPreparation of enzyme-loaded alginate beads
pIP5 into account, the same value for the ratio adind entrapment efficiency

glucose-1-phosphatase to phytase activity wasnmobilisation is one possibility to improve
obtained. processing as well as storage stability of enzymes.
protein has been overexpressed. Specific activiti€ehe  overwhelming majority of enzyme
of the Ni-NT agarose purified enzyme towardammobilisation methods can be classified into four
phytate and glucose-1-phosphate as substrates wemain categories: matrix entrapment, micro-
determined to 22.1 + 0.3 U ma@nd 106.7 + 1.4 U encapsulation, adsorption and covalent binding.
mg", respectively. The corresponding values for théJnlike adsorption and covalent bonding methods,
apparently pure recombinant enzyme weranost polymerisation reactions that cause cross-
determined to be 22.7 U maand 108.2 U m§ linking and gel formation in entrapment methods do
respectively (Greiner, 2004b). These values are nabt directly involve the formation of bonds between
significantly different from those of the wild-type the support material and the enzyme. There are
enzyme (23.0 U miand 110.6 U m§ respectively reports that these bonds change the conformation of
(Greiner, 2004b)). In addition, the recombinanthe enzyme and modify the enzyme properties (Cao,
glucose-1-phosphatase did not differ significanty2005). Alginate is a biodegradable copolymer of
from the corresponding wild-type enzyme in respect,4-linked f-D-mannuronic acid and-L-guluronic

to enzymatic properties such as pH- and temperatuaeid, which can be gelled by multivalent cations
profile for phytate and glucose-1-phosphatesuch as calcium ions. Alginate immobilisation is
hydrolysis, pH- and temperature stability, kineticwidely used for micro-organisms and enzymes (Park
constants, substrate specificity, and energy and Chang, 2000). Enzyme-loaded alginate beads
activation (data not shown). The almost identicahre simple to prepare, cheap and offer good
enzymatic properties of the recombinant glucose-Inechanical strength.

phosphatase and the corresponding wild-type

enzyme further confirm the assumption that the full

length enzyme was overexpressed.

Table 1 - Phytase and glucose-1-phosphatase activities deautracts of transformdsl coliBL21 (DE3) cells.

phytase activity glucose-1-phosphatase activity
[U mI™ crude extract] [U ml™ crude extract]
E. coliBL21 (DES3) / pIP5 2342 + 145 13449 + 75.8
E. coliBL21 (DE3) / pET-22b(+) 1.7 + 0.2 2176 + 1.3

Results are the means of 5 determinations * standard deviation.

The recombinanPantoea agglomeranglucose-1- expected, phytate dephosphorylation increased
phosphatase was entrapped in alginate beads witthile raising temperature. The maximal activity at
high entrapment efficiency. Considering that theé30°C, 40°C, 50°C and 60°C is only 35%, 40%, 46%
free enzyme lost less than 5% phosphatase activiand 71% of the free-form activity at the given
within 2 h in 20 mM Tris-HCI buffer, pH 8.0, temperature. Thus, compared to the free-form
entrapment efficiency was determined to be 82.3 activity, reaction rate of the alginate reactor was
1.2% (n=3) for phytase activity and 81.7 + 0.9%markedly reduced (30-75% depending on
(n=3) for glucose-1l-phosphatase activity. Similatemperature). The mass transfer consideration
entrapment efficiencies have been reported fandicates that particle shape, particle size, pare,
papain (Sankalia et al., 2004) andmylase (Dey et enzyme loading per particle, and substrate floe rat

al., 2003). can affect the reaction rate. The mass transfer
limitation arising from entrapment is manifested in
Char acterisation of the alginate reactor an increase in the apparent value of the Michaelis-

Total phytase activity of the enzyme-loaded alginatMenten constant (K. Thus, the value of this
reactor was determined at various temperatures. Asnstant as compared to the corresponding intrinsic
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value of the solubilised enzymes is often recoghiseEven after 10 consecutive batch operations no
as a good indicator of the extent of mass transfaignificant loss of enzymatic activity (<5%) was
resistance. K for the entrapped glucose-1- observed. Storage stability of the entrapped gkicos
phosphatase was estimated to be 0.84 = 0.05 mM Biphosphatase was investigated at 4°C. There was
pH 4.5 and 37°C with phytate as substrate. Maximalo significant loss of activity when the enzyme-
hydrolysis rate and turnover number were computeldaded alginate beads were stored for a period of
to be 09 + 002 U nfl and 80 = 0.2 5 three month.

respectively. The corresponding values for the free

enzyme were reported to be 0.35 mM,l&nd 20.5

s* (k) (Greiner, 2004b). Therefore it is clearly Production of D-myo-inositol(1,2,4,5,6)pentakis-
shown, that transfer limitation is responsibletfoe  phosphate

reduced reaction rate of the entrapped enzyme. In order to assess the catalytic capability of the
addition, the catalytic turnover number .k alginate reactor for production of Dyoc
dropped drastically as a consequence of entrapmeintositol(1,2,4,5,6)pentakisphosphate  a  buffered
Besides the mass transfer resistance to substrafgs/tate solution (10-50 mM) was incubated at 40°C
and products, another problem associated with the the presence of the enzyme-loaded alginate beads
entrapment method of immobilisation is the leakag®hytate and its hydrolysis products in the. reactio
of enzymes. Because no significant loss of activitynixture were quantified by high performance ion
was observed even after 10 repeated batgtmir chromatography. This method allows the
operations, leakage of glucose-1-phosphatase froseparation of the individuahyainositol phosphate
the alginate beads is thought to be of minospecies down tonycinositol trisphosphate. Within
importance. 30 minutes at 40°C maximal phytate
Phytate dephosphorylation by the alginate reactatephosphorylation was determined to be about 27
was analysed from pH 3.0 to 7.0 using a variety gfimol mI* without any inhibition by phytate and
buffers (Fig. 2). The pH dependence of phytasphosphate (Table 2).

activity was not affected by entrapment. ThereforeProlonged incubation times resulted in a complete
immobilised Pantoea agglomeransglucose-1- degradation of phytate. Nmyeginositol phosphate
phosphatase exhibited the same single pH optimusesters with less than five phosphate residues were
at pH 4.5 as its soluble counterpart and was viytual detected in the reaction mixtures (Fig. 4). Thus,
inactive above pH 7.0 and below pH 3.0. complete conversion of phytate intaycinositol
Temperature dependence of the entrapped phytgsentakisphosphate was feasible using the alginate
activity was conducted from 25 to 80°C (Fig. 3).reactor. High-pressure ion chromatography analysis
Maximum catalytic activity of the entrapped established Dwnycinositol(1,2,4,5,6)pentakisphos-
glucose-1-phosphatase was found at 70°C, wherepbate as the sole product of phytate
the free enzyme exhibited maximal activity at 60°Cdephosphorylation (Fig. 4).

Energy of activation for phytate hydrolysis was

calculated from Arrhenius plots to 53.7 kJ thdh

comparison to the free recombinant glucose-1-

phosphatase, as exemplified by its resistanceab he

denaturation at 70 and 80°C. After a period oftiL.0

at 70°C the free recombinant glucose-1-phosphatase

showed no remaining activity, whereas the

entrapped enzyme did not lose any activity at 70°C

and at 80°C only 25% of the initial activity wasto

Stability of the alginate reactor was investigaatd

40°C and pH 4.5.
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Table 2 - Conversion of phytate intmyainositol pentakisphosphate by the recombinantappied glucose-1-
phosphatase fromantoea agglomeraresfter 30 min at 40°C.

initial phytate phytate myao-inositol pentakisphosphate
concentration concentration concentration
[umol ml™ [umol mi™ [umol ml™

10 0 1031 + 0.61
20 0 21.09 = 0.89
30 3.70 0.08 26.84 1.12
40 1293 + 0.46 2745 0.92
50 2461 + 1.02 2712 1.29

Results are the means of 5 determinations + standard deviation

120

100 A

80 -

60 -

phytase activity [%]

40 -

20 -

Figure 2 - Effect of pH on the activity of the recombinant rapped glucose-1-phosphatase.
Experiments were performed at 37°C with enzymeddadlginate beads in the
following buffers: pH 2.0-3.0, 50 mM glycine-HCIHp3.5-6.0, 50 mM sodium acetate-
HCIl; pH 6.0-7.0, 50 mM Tris-acetic acid; pH 8.0, %M Tris-HCI. All buffers
contained 10 mM sodium phytate. Activity at pH wa&s taken as 100%#() entrapped
enzyme, @) free recombinant enzyme
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120

100

80 -

60 -

phytase activity [%)]

40 4

20 4

20 30 40 50 60 70 80 90
temperature [T]

Figure 3 - Temperature dependence of entrapped phytase yactst substrate 10 mM sodium
phytate in 50 mM sodium acetate, pH 4.5 was usetivity at the temperature optimum
was taken as 100%¢() entrapped enzymenm() free recombinant enzyme

Since there is increasing interest in thdnositol pentakisphosphate will be used for
physiological properties ahycinositol phosphate physiological studies or as a substrate for the
isomers, their preparation in pure form andenzymatic production of further partially
sufficient quantity is required. The developedphosphorylatednyainositol phosphate isomers.
alginate reactor will contribute to making pure

partially phosphorylatednycinositol phosphate

isomers available. Besides yo

inositol(1,2,4,5,6)pentakisphosphate, nyo

inositol(1,2,4,5)tetrakisphosphate  and niyo

inositol(1,2,5,6)tetrakisphosphate could be

specifically obtained by using Bwo

inositol(1,2,3,4,5)pentakisphosphate andmie

inositol(1,2,3,5,6)pentakisphosphate, respectively,

as substrates for thePantoea agglomerans

glucose-1-phosphatase (Greiner, 2004a). To

reduced operational costs, the alginate reactor

should be operated continuously. The main

advantage of a continuous process over a batch

process is the ease of automation and control.

Entrapment ofPantoea agglomeranglucose-1-

phosphatase was shown to yield longer enzyme

lifetime and improved enzyme stability. The

entrapped enzyme exhibited the same unigye

inositol phosphate phosphatase activity as its

soluble counterpart. The enzyme hydrolysed only

the D-3 phosphate from phytate, producing D-

myaoinositol(1,2,4,5,6)pentakisphosphate as the sole

product of phytate dephosphorylation. Thig/o
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(A) Profile of standards

12456

123456

(B) 0 min
(C) 30 min
A :
—~
0 5 10 15 20

Figure 4 - High pressure ion chromatography analysis of inldisl myainositol pentakisphosphates generated by the
entrapped glucose-1-phosphatas@aiitoea agglomerans0 ul of the reaction mixture were chromatographed on a
high pressure ion chromatography Carbo Pac PA-400260 mm) analytical column using a gradient-e8&% HCI
(0.5 M) (0.8 ml mif).The eluants were mixed in a post-column reasttr 0.1% Fe(NQ); x 9 HO in a 2% HCIQ
solution (0.4 ml miit). The combined flow rate was 1.2 ml mirReference sample (A). The source of the reference
myainositol phosphates is as indicated in Skoglendl. (1998); reaction mixture: (B) 0 min, 40°C; (C) 8fn, 40°C.
Peaks: (A) 1(1,3,4,5,6¥°(B) D/L-1(1,2,3,4,5)R; (C) I1(1,2,3,4,6)B, (D) D/L-I(1,4,5,6)R; (E) 1(2,4,5,6)k, (F) D/L-
1(1,2,5,6)R; (G) D/L-I(1,3,45)R, (H) D/L-1(1,2,45)R; (K) 1(1,3,4,6)R; (L) D/L-I(1,2,3,4)R; (M) DIL-
1(1,2,4,6)R; (N) 1(1,2,3,5)R; (O) 1(4,5,6)R; (P) D/L-I(1,5,6)R; (Q) D/L-1(1,4,5)R; (R) D/L-I(1,2,6)R, 1(1,2,3)R;
(S) D/L-1(1,3,4)R; (T) D/L-1(1,2,4)R, (U) D/L-1(2,4)R;; (V) DIL-I(1,2)P,, 1(2,5)B, D/L-1(4,5)P; (W) D/L-I(1,4)P,,
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D/L-I(1,6)P,
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