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Abstract

The glycogen phosphorylase gerggfP) of Aquifex aeolicugAag, a hyperthermophilic bacterium, was cloned and
expressed ifEscherichia coliand the characteristics of the expressed enzyme were examined. The recombinant enzyme was
purified to homogeneity by heat-treatment at’@0for 15 min to denature the contaminatiig coli proteins, followed by
Ni—NTA agarose column chromatography to selectively trap the His-tagged enzyme. The purified enzyme gave a single band
on SDS—-PAGE with a molecular mass of approximately 80 kDa. The enzyme displayed optimal activity at pH 6.5 and was
stable in the pH range from 4.0 to 10.0. The temperature at which optimal enzyme activity was observed WaarkD0
the enzyme retained 66% of its original activity after heating at’@fbr 30 min. Kinetic studies using the purified enzyme
demonstrated that the smallest primer molecule accepted for catalysis in the synthetic direction was maltotriose (G3) and
that the smallest effective substrate for the reverse process, phosphorolysis, was maltotetraose {GaAanttke,: values
were determined for various oligosaccharides (G3—G7) in both synthetic and phosphorolytic reactions and, remarkably, a
maximum degree of specificity was observed toward substrates in the phosphorolytic direction.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction 2.7.1.38) and by AMP. In contrast, the enzymes iso-
lated from Escherichia coliand potato are neither
Glycogen phosphorylase (EC 2.4.1.1) catalyzes phosphorylated nor controlled by AMR-3]. Unlike
the mobilization of glucose-1-phosphate from glyco- the bacterial and plant phosphorylases, the glyco-
gen that provides a readily useable source of en- gen phosphorylase from yeast is regulated through
ergy. Glycogen phosphorylases have been isolatedallosteric mechanismgl]. Glycogen phosphorylases
from a wide variety of organisms, including bac- have also been cloned and expressed from several
teria, yeast, plants, amphibians and mammals. The mesophilic sources including. coli [5], yeast[6],
mammalian glycogen phosphorylases are regulatedfungus[7] and rabbit musclg8]. Although, signif-
by phosphorylation, by phosphorylase kinase (EC icant progress has been made in regard to the de-
tailed structural and functional characterization of
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fax: +81-208-38-7321. little is known about those from hyperthermophilic
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Hyperthermophiles are defined as organisms that kit, Invitrogen, USA).E. coli BL21 [DE3-gold, RP
grow optimally at temperatures of 8C or more. and RIL] [hsd (clts 867 indl sam7 nin5lac UV5-T7
Thermophilic bacterium presents a profitable source gene 1 was used as the host for the recombinant
for the isolation of highly thermostable enzymes plasmid harboring the pET28k+] vector (Novagen,
whose biochemical and structural analyses may be ex-Madison, WI, USA) and for the subsequent expres-
tremely helpful in the task of unraveling the molecular sion step. Recombinant DNA techniques as described
basis of thermostability. In addition, the thermophilic by Sambrook et a[21] were employed for the DNA
enzymes produced by these types of organisms maymanipulations.
prove to be valuable catalysts in various industrial
applications. Although glycogen-like polysaccha- 2.2. Construction of the glgP gene
rides have been identified from several thermophilic

bacteria[9], the only thermostablex--glucan phos- The nucleotide sequence of the open reading
phorylases reported to date have been isolated fromframe denoted as thglgP gene was retrieved from
the thermophilic bacteri@dhermus thermophilug 0], GenBank with the accession number AE000704
Thermus aquaticugll] and Thermotoga maritima  (g2983305). The gene was amplified using the primers
[12]. 5’ CATATGCATATGGAAGAAGAAAAAGTAAAA-

Aquifex aeolicus(Aag is a hyperthermophilic, GAGG-3 and BGGAATTCATCCCTCCTCCTTTA-
hydrogen-oxidizing, microaerophilic, obligate chemo- AAATTTT-3’ which containedNdel and EcoR1
lithoautotroph[13], representing the lowest branch in restriction sites, respectively (underlined). The ex-
the phylogeny of bacterifl4,15] This extremophile  pected 2079 bp fragment was obtained by using DNA
has recently generated interest among researchers as polymerase (KOD-plus, Toyobo Co., Osaka, Japan)
useful source of thermostable enzynj#6—18] The and a PCR program with 25 cycles comprising the
complete genome sequencefofaeolicushas recently  following steps: 98C for 1 min; 55°C for 1 min;
been determinefl9] and found to contain 1512 open and 68°C for 2.3 min. The restriction enzyme sites
reading frames (ORFs), one of which encodes a pu- were constructed at the ends of the primers in such
tative glycogen phosphorylasglgP) of 692 amino a way that an N-terminal hexahistidine was able to
acids in length (GenBank accession; AE000704). To be attached along with thglgP gene during expres-
date there have been no reports of the isolation of sion. The amplified DNA fragment of thglgP gene
this enzyme from the hyperthermophéle aeolicus a was cloned into a pCR-TOPO-XL vector using a
bacterium which has a growth-temperature maximum pCR-TOPO-cloning kit according to the protocol of
near 95C. Therefore, we cloned and expressed the the supplier (Invitrogen, USA). The resulting recom-
glgP gene fromA. aeolicusin E. coli and charac- binant plasmids, ARlgP-TOPO-XL, were extracted
terized the properties of the recombinant enzyme to using a QIA Miniprep kit (GIAgen, Germany) and
examine the use of the enzyme for the synthesis of were sequenced to ensure that the nucleotide se-
glucose-1-phosphafe0]. guences were identical with those of thkgyP gene.

DNA sequencing was performed with an Applied
Biosystems 310 Genetic Analyzer using a Dye Ter-

2. Materials and methods minator Cycle Sequencing Kit (Perkin-Elmer, USA).
The sequence data were analyzed using the GENE-
2.1. Bacterial strains and plasmids TYX computer program (Software Development Co.,

Tokyo, Japan).

The genomic DNA ofA. aeolicuswas kindly pro-
vided by Professors K.O. Stetter and R. Hubber from 2.3. Cloning and expression of the glgP gene in
the University of Rosenburg, Germany. Topo-XL TOP E. coli
10[F~ mcrAA (mrr-hsdRMS-mceBC)e80lacZAM15
AlacX74 recAl deR araD139 A(ara-leu)7697galU The glgP gene was excised from the recombinant
galK rpsL (strR) endAl nupG] was used as the hostfor  plasmid AFglgP-TOPO-XL using the restriction en-
the glgP gene fromA. aeolicus(TOPCGPXL cloning zymesNdeland EcoR] and it was then recovered
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by ethanol precipitation before ligation to a pET28b together (to give a total volume of 14 ml) and dialyzed
(+) vector, which had been previously digested with overnight against 21 of 20mM 3tmorpholino)
the same pair of restriction enzymes. The ligation propanesulfonic acid (MOPS) buffer (pH 6.5) &t@.
process was performed overnight at a temperature of
16°C using a ligation kit, High T4 DNA ligase (Toy-
obo).E. coli BL21 [DE3-gold, RP and RIL] compe-
tent cells were transformed by electroporation with ~ Sodium dodecyl sulfate—polyacrylamide gel elec-
the ligated plasmids. The positive colonies from the trophoresis (SDS—-PAGE) was performed as described
transformed cells grown on LB medium containing by Laemmli[22] using 10% acrylamide gel slabs.
kanamycin (5Qug/ml) were screened by colony PCR Samples were boiled for 4min in the presence of
using vector specific primers (T7 promoter and T7 ter- 0.01 M mercaptoethanol and 1% (w/v) SDS. Proteins
minator primer) and these were used to prepare plas-were stained with 1% (w/v) Coomassie Brilliant Blue
mid DNA on a small scale. One pET-AFGP clone R-250 in methanol/acetic acid/ water (50:10:40, v/v)
was selected and it was confirmed by sequencing. Forand they were destained in methanol/acetic acid/ water

2.5. Analysis of the purified protein

protein expression, th&. coli cells harboring plas-
mid pET-AFGP were grown in LB medium contain-
ing kanamycin (5@ug/ml) at 37°C. After shaking at

37°C until the absorbance at 600 nm (A600) reached a

level of ~0.6, IPTG was added to give a final concen-
tration of 1.0 mM. After induction for 4 h, th&. coli

cells were harvested by centrifugation, suspended in

50 mM Tris—HCI buffer (pH 7.0), and then disrupted
by sonication (5 cycles consisting of 15s pulses at

35% maximum output with 15 s rests between pulses).

After centrifugation (12,000 rpm for 10 min), the su-

(30:10:60, v/v). A 10 kDa protein ladder (LIFE TECH-
NOLOGIES, GIBCO BRL, Rockville, USA) was used
as a molecular weight marker.

2.6. Assay of glycogen phosphorylase activity

Glycogen phosphorylase activity was determined in
the direction of oligosaccharide synthesis (assay A)
and also in the degradation (phosphorolysis) direction
(assay B).

Assay A: The production of inorganic phosphate

pernatant was removed and this material was used asfrom soluble starch and glucose-1-phosphate was mea-

a crude extract.

2.4, Purification of the enzyme

Unless noted otherwise, the purification steps de-
scribed below were performed at room temperature.
To denature th&. coli proteins, the crude extract was
heat-treated at 7@C for 15min and then the dena-
tured host proteins were pelleted by centrifugation at
10,000 rpm for 20 min. The clear supernatant which
contained the glycogen phosphorylase (20 ml) was
mixed with Ni-NTA—agarose resin (2 ml) and kept on
ice for 20min. The resin bound to the target protein

sured using the method described by Saheki ¢23].
with slight modification. A reaction mixture (254)
containing 50 mM MOPS buffer (pH 6.5), 0.4% solu-
ble starch, 10 mM glucose-1-phosphate and an appro-
priate amount of enzyme was incubated atG7or

15 min. The reaction was stopped by the addition of
1 ml of 250 mM glycine—HCI buffer (pH 3) followed
by rapid cooling in ice water. After cooling, 128

of 1% ammonium molybdate in 25 mM 330, and
125ul of 1% ascorbic acid in 0.05% KHSQOwere
added to the mixture. The resulting mixture was in-
cubated at 37C for 30 min, then the absorbance was
measured at 700 nm. One unit of enzyme activity is de-

was then packed onto a 2ml column connected to a fined as the amount of the enzyme producingvol

FPLC system (Amersham Pharmacia Biotech, Upp-

of phosphate in 1 min.

sala, Sweden) and the unbound proteins were washed Assay B: Enzyme activity in the direction of

off the column with 50 mM Tris—HCI buffer (pH 8.0)
containing 10 mM imidazole at a flow rate of 1 ml/min.
The elution steps were performed using a linear con-
centration gradient from 10 to 250 mM imidazole in
50 mM Tris—HCI (pH 8.0) buffer. The fractions pos-

oligosaccharide degradation (phosphorolysis) at@7
was measured in a coupled assay as described by
Schinzel and Palrf24] with minor modification. The
reaction mixture contained the following reagents in a
final volume of 50Qul: 50 MM MOPS buffer (pH 6.5),

sessing glycogen phosphorylase activity were pooled 0.5% soluble starch, 1 mM Mgg&l5mM NaHPOy,
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2.5uM glucose 1-6-diphosphate, 0.015% NADP, 0.5 substrate (maltotriose, maltotetraose, maltopentaose,
unit of glucose-6-phosphate dehydrogenase, 0.5 unit maltohexaose, maltoheptaose or starch) in 50 mM
of phosphoglucomutase, and an appropriate amountMOPS buffer (pH 6.5) at 37C. In the synthetic di-

of enzyme. The reaction was started by the addi- rection, the release of phosphate was measured at
tion of the enzyme and the increase in absorbance 700 nm as described in the assay procedure A. In the
at a wavelength of 340 nm, due to the formation of phosphorolytic direction, the formation of NADPH
NADPH, was followed continuously using a Beck- was monitored at 340 nm using a Beckman DU-650
man DU-650 UV-Vis spectrophotometer for 30 min  UV-Vis spectrophotometer equipped with a temper-
at 37°C. One unit of enzyme activity is defined as ature controlled cell holder for 30 min at 3C, as

the amount of enzyme catalyzing the formation of described in the assay procedure B. Initial rates of
1 mol of glucose-1-phosphate in 1 min at 3. reaction were determined at five different substrate
concentrations. Values fd¢,, andk:s: were obtained

by using the nonlinear regression analysis computer

2.7. Infl f pH t t
nfluence of pH and temperature program GRAFIT[25].

The activity of the purified enzyme at tempera-
tures ranging from 0 to 100C was determined in
the synthetic direction by using 5 mM maltopentaose
and 10 mM glucose-1-phosphate as the substrates in loni . d ificati f
50 mM MOPS buffer (pH 6.5). For determining the 3.1. Cloning, expression and purification o
thermal stability of the purified enzyme, the enzyme glycogen phosphorylase
was pre-incubated for 30 min in 50 mM MOPS buffer

(pH 6.5) attemperatures ranging from 0 to TaD Af- place Ndel and EcoR1 restriction enzyme sites at

ter chilling the sample on ice, the remaining activity .
was determined by the standard assay procedure (as-the 5 and 3 ends of theglgP open reading frame,

say A). In all cases, the incubations were carried out respectively, so that the entire open reading frame

in closed Eppendorf tubes in order to prevent boilin could be inserted within the multiclone site of the
of the solut:?)e\s P 9 PET28b ) plasmid, thereby creating the plasmid

The effect of pH on the activity displayed by PET-AFGP. TheNdel site was positioned so that
the enzyme was determined in the synthetic di- hexabhistidine could be attached to N-terminal glyco-
rection at 37C in 50mM acetate (pH 3.8-5.7) gen phosphorylas_e during trgnslation. Four hours
2-(N-morpholino) ethane sulfonic acid (MES) (pH after IPTG induction, the stram_BLZl-RIL (PGP1)
5.2-6.2), 3--morpholino) propanesulfonic acid (pH was found_ to express a prgteln with a molepular mass
6.2-8.2) N-[2-hydroxyethyl] piperazinéN'-[2-ethane- of approxmatgly 80 I_<DaF(|g. 1 lane .1) which was .
sulfonic acid] (HEPES) (pH 6.5-8.5), Tris—HCI (pH not present prior to mductlon_and did not appear in
7.2-9.0) or 3-[cyclohexylamino]-1-propanasulfonic extracts from the parent strain BL21 or BL21-RII._
acid (CAPS) (pH 9.4-11.4) buffers containing 5mM (pET-_AFGF_’) (data not shown). The 80kDa protein
maltopentaose and 1Oﬁ1M glucose-1-phosphate asremamed in the supernatant when crude extracts
the substrates. To determine the pH stability of the :gztinBLaztl%E% fc(>[:E1T5-rAnli:r?Pc)auV;/ienre asut;Joe ;trﬁgtetlo
purified enzyme, the enzyme was pre-incubated in the _ 9 . ! g app Y
buffers described above for 30 min atZ, then the 50% of the E. coli proteins to precipitate. Resis-

S o : : tance to heat-treatment at 70 is a characteristic
remaining activity was determined using the standard . .
of many proteins fromA. aeolicusand the pres-
assay procedure (assay A).

ence of heat resistance strongly suggested that the
80 kDa protein was the desireglgP product. After
2.8. Studies of the kinetic parameters the heat-treatment step, Ni-NTA agarose (QIAGEN)
was employed to trap the His-tagged enzyme and the
The reactions were followed by incubating the glycogen phosphorylase was eluted at an imidazole
purified enzyme with appropriate concentrations of concentration of approximately 100 mM. A summary

3. Results

As described in theSection 2 we used PCR to



S.H. Bhuiyan et al./Journal of Molecular Catalysis B: Enzymatic 22 (2003) 173-180 177

1 23 4 120
100
S
> 80
120 kDa— f?
S 601
80 kDa— wee > 2
70 kDa— |l é 40 -
20 -
50 kDa— s ﬂ
0 ! : - A
0 3 6 9 12
(A) pH
- 120
—

| 100 -
Fig. 1. SDS—PAGE of the glycogen phosphorylase at various stages g 80— %
of purification process. Molecular weight marker (lane 1); crude &
extract (lane 2); heat-treated crude extract (lane 3); and purified % 60 -
enzyme after the Ni-NTA column (lane 4). ;
5w
of the purification process is shown imable 1
Employing this process, approximately 11 mg of ther- 20
mostable enzyme was purified from 11 of culture.
SDS-PAGE Fig. 1, lane 4) indicated that the en- 0 L " "
zyme was homogenous and had a molecular mass of 0 3 6 9 12

80kDa, consistent with the value of 81,981 Da that ® pH

was calculated from the deduced amino acid Sequenceriy 5 ffect of pH on the activity (A) and stability (B) of the
using the computer program EXPASY-Peptide Mass glycogen phosphorylase. The following buffers were used: 50 mM
(http://kr.expasy.org/cgi-bin/peptide-mjss acetate (open circle), MES (solid circle), MOPS (open square),

HEPES (solid square), Tris—HCI (open triangle), and CAPS (solid

triangle).
3.2. Effect of pH

The activity of the enzyme was determined at var- phorylase at 37C was observed at pH 6.5i§. 2A).
ious pH levels as described in ti8=ction 2 Under The enzyme was stable between pH 4 and 10, and at
the assay conditions used, the pH for the display of a temperature of 70C it retained about 61% of its
optimal activity for the recombinant glycogen phos- maximal activity at pH 10.4Fig. 2B).

Table 1

Summary of the purification of the glycogen phosphorylase flanaeolicus

Purification step Total protein (mg) Total activity (udit)  Specific activity (unit/mg) Purification (fold) Yield (%)
Crude extract 290 360 1.2 1.0 100
Heat precipitation 150 260 1.7 1.4 73
Ni-NTA-agarose 11 86 7.8 6.3 24

aActivity was determined at 70C, 15min in the synthetic direction (assay A).
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the enzyme was determined at°f®to examine the
100 effects of heating. The enzyme retained about 84 and
& 8ol 66% of its original activity after heating at tempera-
E tures of 90 and 100C, respectively.
Z 6ol
3 3.4. Substrate specificity and analysis of kinetic
E 40 parameters
<
& 20( At 37°C, various maltooligosaccharides (maltose,
maltotriose, maltotetraose, maltopentaose, malto-
0% 20 40 60 80 100 hexaose and maltoheptaose) and soluble starch were

Temperature (°C) used for measurements of the kinetic parameters at
pH 6.5, in the direction of oligosaccharide synthesis
Fig. 3. Effect of temperature on the activity (open circle) and a5 well as in the degradation direction. As shown

stability (solid circle) of glycogen phosphorylase. The temperature . . . .
profile was determined at different temperatures using the standard in Table 2 in the presence of inorganic phOSphate’

assay (A) as described iBection 2at the optimum pH 6.5 in the enzyme was able to phosphorolyze maltotetraose
50 mM MOPS buffer. For the determination of thermal stability of (G4) and larger oligosaccharides, while maltose
the enzyme, the residual activity of the heat-treated enzyme was and maltotriose were not degraded. In the pres-
measured. ence of glucose-1-phosphate, maltotriose (G3) and
larger oligosaccharides were effective acceptors for
oligosaccharide synthesis, whereas glucose and mal-
3.3. Effect of temperature tose were not. These results indicate that the smallest
substrate for the synthetic reaction is maltotriose (G3)
The atypical properties of this glycogen phospho- and the smallest substrate for the phosphorolytic re-
rylase are its high optimum temperature and its high action is maltotetraose (G4). Th&, andkg,t values
degree of thermostability. When the activity of the en- were determined using glucose oligomers of various
zyme was tested at various temperatures, the recombi-lengths (G2-G7) as the substrates to examine the ef-
nant glycogen phosphorylase showed less than 5% offect of the length of the substrate on the activity of
its maximal activity at 20C and its activity increased the enzyme. As shown iffable 2 in the synthetic
with temperature up to 10@ (Fig. 3). After incubat- direction, no significant differences were detected for
ing the purified enzyme for 30 min at selected temper- the kgt values of substrates higher than G3. However,
atures between 0 and 100, the relative activity of Km values decreased three-fold from G3 (1.8 mM)

Table 2
Relative substrate specificities of the glycogen phosphorylase for the synthetic and phosphorolytic reactions
Substrate Substrate directfon Phosphorolytic directich

Km (mM) keat (s71)° keatKm (s~1/mM) Km (mM) keat (s71)° keatKm (s~H/mM)
Maltose - - - - - -
Maltotriose 1.8 6.8 3.9 - - -
Maltotetraose 0.55 6.0 11 0.3 0.76 25
Maltopentaose 0.28 5.4 19 0.17 2.2 13
Maltohexaose 0.3 4.1 13 0.18 2.7 15
Maltoheptaose 0.38 4.4 11 0.19 2.3 12
Starch 0.12% 5.2 0.03% 15

The reaction was carried out at 32 in 50 mM MOPS buffer (pH 6.5).
aGn+G 1-P— G(n + 1) + phosphate.
b Gn+ phosphate> G(n — 1) + G 1—P.
¢Based on a molecular mass of 81,981 Da.
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which encodes a thermophilic glycogen phosphorylase
from the hyperthermophilic bacteriurA. aeolicus
The amino acid sequence of the aeolicusglycogen
phosphorylase was subjected to a BLAST search and
it showed homology with maltodextrin phosphory-
lase fromThermococcus litoralig45% identity[27]),
a-glucan phosphorylase from maritima(43% iden-

tity [12]), a-glucan phosphorylase from aquaticus
(39% identity[11]), a-glucan phosphorylase froi.

coli (24% identity[28]), glycogen phosphorylase from
Dictyostelium discoidiunt24% identity[7]), glycogen
phosphorylase fronk. coli (23% identity[5]), and
1/[phosphate] (mM1) human liver glycogen phosphorylase (24% identity

_ _ _ [29]). These enzymes belong to a large group of phos-
Fig. 4. The 1/V-1/[Pi] plot at various maltopentaose concentra-

tions. Initial concentrations of maltopentaose are: 0.1 mM (open phorylases, comprising mal_tOdexmn ahd gl_ycogen
circle), 0.2 mM (solid circle), 0.4 mM (open square), 0.6 mM (solid phosphorylases from bacteria, eukaryotic unicellular

square), and 1.0mM (open triangle). organisms, as well as plants and mamnfia]sTo our
knowledge, this glycogen phosphorylase is the first en-

to G4 (0.55mM) but no significant differences were Zyme of its kind to be purified and characterized from
observed in substrates higher than G4 in the synthetic & Nyperthermophilic bacterium, namefly aeolicus it
direction. Moreover, in the phosphorolytic direction, has many properties in common with the other known
the keat Value for G5 (13s?) was five times higher phosphorylases. The. coI] enzyme, like most other_
than that observed for G4 (2.5% but the values known phosphorylases, is not able to degrade lin-
were almost constant for substrates larger than G5. €ar maltooligosaccharides with chain lengths shorter
Furthermore, th&, values were higher for the G4 than maltopentaose and it cannot initiate the synthetic
substrate (0.30 mM) relative to G5 (0.17 mM) but the reaction with oligosaccharides shorter than maltote-
values were almost constant for substrates larger thantr@0se[5]. In contrast, the glycogen phosphorylase
G5 in the phosphorolytic direction. In terms of the from A. aeolicusshowed a distinctly different sub-
relative specificitiesKr, values for substrates in the ~Strate specificity, whereby maltotriose was observed
synthetic direction were higher than tKg, values for to be the smallest substrate for glycogen synthesis
substrates in the phosphorolytic direction, indicating @nd maltotetraose the smallest substrate for glycogen
that the specificity for the substrate is higher for the degradation Table 3. Similar substrate specificities
phosphorolytic reaction. have also been reported by other researchers. for the
For the phosphorolytic reaction, the Lineweaver— @-glucan phosphorylase from hyperthermophiles
Burk plot (1/V-1/[Pi]) is shown irFig. 4, using various ~ thermophilus[10] and T. aquaticug{11], and for the
concentrations of maltopentaose. The lines intersect Maltodextrin phosphorylase from litoralis [27].
at a specific point in the second quadrant, indicating ~ The apparent molecular mass of thermostable
that the reaction followed a sequential mechanism. 9lycogen phosphorylase by SDS-PAGE analysis was
This result was in agreement with the mechanism of a found to be 80 kDa. ThelgP described here is the
phosphorylase previously described by Gold ef2f] most thermophilic glycogen phosphorylase identified

(viz. a random bi bi mechanism, a type of sequential {0 date, with an optimum temperature of 1@ for
mechanism). maximum enzyme activity and with 66% of activ-

ity remaining after boiling in water for 30 min. The
a-glucan phosphorylases from other thermophilic
4. Discussion sources,T. thermophilusT. maritimaand T. aquati-
cus have optimum temperatures of 70, 75-80 and
In this paper, we describe the characterization and 80-85°C, respectively(10-12] Based on structural
identification of theglgP gene, expressed iB. coli, analyses, the major factors that stabilize proteins from

1
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hyperthermophiles are the number of ionic bonds and [6] P.K. Hwang, R.J. Fletterick, Nature 328 (1986) 80.
the presence of salt bridges and hydrogen bonds be- [7] P.V. Rogers, S. Luo, J.F. Sucic, C.L. Rutherford, Biochim.
tween charged amino acif80—32] Consistent with Biophys. Acta 1129 (1992) 262.

. . L . . [8] M.F. Browner, P. Rasor, S. Tugendreich, R.J. Fletterick,
this is the observation that arginine, lysine, aspartic Protein Eng. 4 (1991) 351.

and glutamic acids are the predominant amino acids (9] H. Konig, R. Skorko, W. Ziling, W.D. Reiter, Arch.
present in the sequence Af aeolicusglycogen phos- Microbiol. 132 (1982) 297.

phorylase. An efficient and relatively simple purifica- [10] B. Boeck, R. Schinzel, Eur. J. Biochem. 239 (1996) 150.
tion procedure yielded an enzyme which was more [11] T. Takaha, M. Yanase, H. Takata, S. Okada, J. Appl. Glycosci.

. 48 (2001) 71.

than 95% pur_e _after_ passing the heat-treated enzyme[12] M8. I(Biggl,)c. Brettle, U. Gosslar, G. Kriegshauser, W. Liebl,
through an affinity Ni-NTA agarose column. We have FEMS Microbiol. Lett. 158 (1998) 9.

taken advantage of the enzyme’s tolerance toward [13] C. Pitulle, Y. Yang, M. Marchiani, E.R. Moore, J.L. Siefert,

high temperatures during the purification process and M. Arangno, P. Jurtshunk Jr, G.E. Fox, Int. J. Syst. Bacteriol.
have achieved a high level of enzyme purity through 44 (1994) 620.

. 14] S. Burggraf, J.G. Olsen, K.O. Stetter, Syst. Appl. Microbiol.
a simple heat-treatment of the cellular extract. The [ ]15 (19%%) 352 yst App

general concept of applying a heat-treatment step may15) R. Huber, T. Wilharm, D. Huber, A. Tricone, S. Burggraf,
prove useful in the purification of other recombinant H. Konig, R. Rachel, L. Rockinger, H. Fricke, K.O. Stetter,
proteins from this organism. Syst. Appl. Microbiol. 15 (1992) 340.

In conclusion, similar to other enzymes from the [161 A-R. Khan, S. Nirasawa, S. Kaneko, T. Shimonishi, K.

. . Hayashi, Enzyme Microbiol. Technol. 27 (2000) 83.
A. aeolicus the recombinant glycogen phosphory- [17] J.0. Kim, S.R. Park, W.J. Lim, S.K. Ryu, M.K. Kim, C.L.
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