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ABSTRACT. A newly discovered human analogue of a bed bug apyrase, which we named hSCAN-1 for
human soluble calcium-activated nucleotidase-1, was expressed in bacteria, refolded from inclusion bodies,
purified, and characterized. This apyrase, which is distinct from the eNTPDases exemplified by the
endothelial CD39 (NTPDasel) apyrase, is a 38 kDa monomeric enzyme capable of hydrolyzing a variety
of nucleoside di- and triphosphates, but not monophosphates. Preferred substrates include GDP, UDP,
and IDP, with a pH optimum for activity between 6 and 7. The specific activity and substrate preference
of the bacterially expressed enzyme closely mimic those of the enzyme expressed in mammalian COS
cells, as well as the enzyme synthesized in an in vitro bacterial expression system. This suggests that
glycosylation and other posttranslational modifications that do not occur in bacteria are not necessary for
nucleotidase activity or proper folding of this human apyrase. hSCAN-1 absolutely requife@anot

Mg?2* or other divalent cations analyzed, for enzymatic activity. Surprisingly, the activity does not increase
in a quasi-linear fashion at sub-millimolar €aconcentrations, as would be expected if Caere only

used as a cosubstrate for the nucleotide substrate, but rather follows a sigmoidal curve. The intrinsic
fluorescence and difference absorption studies of hSCAN-1 in the absence of nucleotides rev&aled Ca
induced changes in the environment of tryptophan and tyrosine residues with half-saturation at about 90
uM Ca*. NaCl increased the half-saturating?Caoncentration needed for both structural changes detected

by optical spectroscopy and enzymatic activation of hSCAN-1 detected by nucleotidase assay. These
results suggest that €atriggers a conformational change in hSCAN-1, converting the enzymatically
inactive protein to the active enzyme, in addition to forming the metatleotide substrate complex
necessary for nucleotidase activity.

Apyrases are enzymes that hydrolyze nucleoside di- andnucleoside di-and triphosphates into nucleoside monophos-
triphosphates. The eNTPDaeaspresent one such family phates and nucleosides, in conjunction wittestonucleoti-
of apyrases. This family consists of at least six members; dases. Thus, hydrolysis of these nucleotides by apyrases not
NTPDaset4 are membrane bound, while NTPDase5,6 are only depletes the di- or triphosphate agonists at a given P
released as soluble enzymey. (Very recently, a human  receptor, but also generates agonists forgéeptors which,
homologue of the blood-sucking insect soluble apyrases,when activated, often mediate different, and sometimes
exemplified by theCimexbed bug apyrase?), was cloned, opposite, physiological effects. Therefore, the discovery,
sequenced, and expressed in mammalian c&lldNe have characterization, and large-scale synthesis of soluble human
named this apyrase hSCAN-1, for human soluble calcium- apyrases are important for understanding and manipulating
activated nucleotidase-1. The distribution of this human these systems. The modulation of physiological processes
homologue of the bed bug apyrase was determined by Smithcontrolled by purinergic receptor systems, including platelet
et al., and the highest levels of MRNA were found in testes, aggregation and blood clotting mediated by AR, émooth
prostate, placenta, and small intestif®. (Such a soluble = muscle contraction mediated by ATP purinergic signaling
mammalian nucleotidase has the potential for therapeutic use(5), and nociception, where ATP is recognized to play an
for modulation of processes controlled by purinergic important role in pain perception mediated by Receptors
receptors, acting via hydrolysis of the nucleotide agonists (6, 7), is an attractive potential therapeutic target for the
of these receptors. In addition, these enzymes convert theintroduction of, and the inhibition of, soluble human apyrase
enzymes.

Hhis Kvork was suppc(i)rted b;r/] NIIH Grant HL59915.h In this work, we describe the first bacterial expression of
e ) 5572 human apyrase, as well a5 conditons needed to refld he
1 Abbreviations: hSCAN-1, human soluble calcium-activated nucle- insoluble .pmtem from. inclusion F’Od!es Into an active
otidase-1 (GenBank accession number AF328554); eNTPDase, ecto-COnformation. Enzymatic characterization of the expressed
nucleoside triphosphate diphosphohydrolase; CD, circular dichroism; enzyme demonstrates that it does not hydrolyze nucleoside

MOPS, 3-N-morpholino)propanesulfonic acid;, Fhorganic phosphate; ;
IPTG, isopropylg-p-thiogalactopyranoside; B-PER, bacterial protein monophosphates and, unlike the eNTPDase apyrases, can

extraction reagent; CeADP, calcium-ADP complex; Ca-GDP, only utilize calcium, but not magnesium, as the divalent
calcium—GDP complex. cation required for the hydrolysis of nucleoside di- and
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triphosphates. It was previously demonstrated that mam-the Bromphenol Blue tracking dye reached the bottom of
malian COS cell expressed hSCAN-1 also requires @a the gel. The gels were stained either for total protein with
nucleotidase activityd). That recent study also showed that Coomassie Brilliant Blue or for calcium-activated ADPase
the mammalian cell expressed enzyme preferentially hydro- activity using a modification of the Fiske and Subbarow

lyzes UDP and GDP, with slower hydrolysis of UTP, GTP,
ADP, and ATP, with a pH optimum of the enzyme in the
range of 6.27.2 (3). Thus, the bacterially expressed and

ammonium molybdate/amidol techniquidy for visualiza-
tion of R in the gel, as described previousli/j.
Nucleotidase Assalucleotidase activity was determined

refolded enzyme described in this study has properties veryby measuring the amount of inorganic phosphate released

similar to the enzyme expressed in mammalian COS cells,

indicating that posttranslational modifications such as gly-

from nucleotide substrates at 3€ using a modification of
the technique of Fiske and Subbaro®O) as previously

cosylation that do not occur in bacteria are not necessarydescribed 12). Nucleotide hydrolyzing units are expressed

for the synthesis of active and properly folded hSCAN-1
apyrase.

in micromoles of Pliberated per milligram of protein per
hour. Generally, assays were conducted in 20 mM MOPS,

In the present study, we demonstrate that this soluble pH 7.1, containing 5 mM Cagland 2.5 mM nucleotide
human apyrase is a calcium-binding protein, as evident from substrate, but additional buffers and conditions were also

saturable Cd-dependent changes in the intrinsic tryptophan
fluorescence, UV difference absorption spectra, anti-Ca
triggered transition from the enzymatically inactive form to

used, as indicated.
Calculation of Free C&, Ca—ADP, and Ca-GDP
Concentrations.Free C&" and Ca-nucleotide complex

the active enzyme. The large-scale bacterial expression andoncentrations were calculated using the WinMaxc 2.40

refolding scheme described in this work will facilitate future
crystallization and X-ray structural determination of this
human apyrase.

MATERIALS AND METHODS

Materials. The QuickChange site-directed mutagenesis kit
and Escherichia coli XL-1 Blue competent cells were
purchased from Stratagene. The DNA Core Facility at the
University of Cincinnati produced the synthetic oligonucle-
otides and performed DNA sequencing. Plasmid purification
kits and Ni-NTA agarose were purchased from Qiagen Inc.
Nhd and Not restriction endonucleases, T4 DNA ligase,
and the mammalian expression vector pcDNA3 were ob-
tained from Invitrogen. The bacterial expression vector
pET28a and the expression héstcoli BL21 were purchased
from Novagen. Glycerol and dialysis tubing were from

Fisher. B-PER bacterial extraction reagent and enhanced

program {L3; http://www.stanford.edu/cpatton/maxc.html).
This program uses critical stability constants from the most
recent version of the National Institute of Standards and
Technology (NIST) database, which is based on the compila-
tion by Martell and Smith 14). Because the WinMaxc
program does not provid€, for the Ca-GDP complex, it
was assumed thad¢, for Ca—GDP is equal tKq for Ca—

Mutagenesis of hSCAN-1 for Cloning into a Bacterial
Expression VectorThe 1744 bp cDNA IMAGE clone
encoding hSCAN-1 was obtained from Incyte Genomics, Inc.
(GenBank EST accession number AA632390; clone ID
1131402) and cloned into pcDNA3 mammalian expression
vector as describe®). The sequence of this cDNA has been
assigned the GenBank accession number AF328554 . The
putative hSCAN-1 signal peptide was identified using the
computer program PSORT II, which predicted a cleavable
signal peptide at residues 37 and 38 (amino acids Gly-Arg).

chemiluminescent reagents were purchased from Pierce. Th%n Nhe endonuclease site was introduced by site-directed

rapid translation system (RTS) 1®. coli HY kit was
obtained from Roche Diagnostics. The #5% Tris—glycine
gels were from Bio-Rad, and the—20% Express Tris

glycine gels were purchased from ISC BioExpress. Potato

apyrase, kanamycin, nucleotides, IPTG, glucose, DTT,
Chelex 100 resin, and other reagents were from Sigma.

Protein Assay.Protein concentrations were determined

mutagenesis at thé-Bnd of cDNA encoding the N-terminus

of the soluble hSCAN-1 sequence following the predicted
signal peptide cleavage site. The sense primer for mutagen-
esis was 5GCCCGGCCCCGCTAGACCCCCCACCCAC-

3, with bases encoding th&lhd site italic and bases
corresponding to the start of the soluble hSCAN-1 protein
indicated in boldface type. Using this newly introdudiod

using the Bio-Rad Coomassie Brilliant Blue G-250 dye sjte at the 5end, and the existintot site in the pcDNA3
binding technique according to the modifications of Stoscheck yector multiple cloning region at the’-a8nd, the cDNA

(8) using bovine serum albumin as a standard.

Polyclonal Antibody ProductionThe production of the
polyclonal antiserum to the hSCAN-1 carboxy-terminal
amino acid sequence and the affinity purification of antibod-
ies from that antiserum have been describ&gd (

Electrophoresis and Western Blot AnalyS®S-PAGE
was performed following the method of Laemn®)(using
4—20% or 4-15% precast gradient gels. The hSCAN-1
samples were boiled for 5 min in SDS sample buffer
containing 30 mM dithiothreitol prior to SDSPAGE. For

sequence encoding soluble hSCAN-1 was excised from
pcDNA3 vector and ligated into pET28a bacterial expression
vector (cut with the same endonucleases). The resultant
vector containing the hSCAN-1 insert was transformed into
a nonexpression hosk. coli XL-1 Blue, as described by
the manufacturer. The construct was verified by DNA
sequencing.

Expression of hSCAN-1 in E. coli BL21 Cellsor
hSCAN-1 expression, pET28a vector containing the hSCAN-1
sequence was transformed into an expression Eostoli

native gel electrophoresis, the Laemmli gel and buffer systemBL21. A single colony was used to inoculate 50 mL of LB
was also used, without SDS in any component. The samplebroth containing 3Q«g/mL kanamycin and 1% glucose (to

was diluted with 125 mM TrisHCI, pH 6.8, buffer
containing 25% glycerol and, without heating, was loaded
onto an 8% polyacrylamide gel and electrophoresed until

reduce basal expression) and allowed to grow to aRo®D
of 0.9. This 50 mL culture was then added to 500 mL of the
same medium and grown at 3 for 2 h, reaching an Odg
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of 0.26. IPTG was added to 1 mM final concentration and as well as the unbound and wash fractions, were all assayed
growth of the induced culture continued for 5 h. The bacteria for calcium-activated ADPase activity. The most active
were harvested by centrifugation at 5000 rpm for 15 min at fractions were pooled.
4 °C and the pellets resuspended in 20 mL of the Pierce Purification and Characterization of hSCAN-1 by Size
B-PER reagent. B-PER (bacterial protein extraction reagent) Exclusion Chromatographyfter DTT was added to a final
is a mild, nonionic, proprietary detergent in 20 mM TFis  concentration of 0.2 mM, the pooled fractions were concen-
HCI (pH 7.5) used to extract soluble proteins from inclusion trated to approximately 1 mL using an Amicon Centriprep
bodies. The inclusion body preparation was performed as30 centrifugal concentration unit and applied to a 43 mL
recommended by the manufacturer, resulting in 49 mg of bed volume, 27 cm long Sephacryl S-200 column, equili-
inclusion body protein from the 550 mL bacterial culture. brated in 20 mM MOPS, 100 mM NacCl, pH 7.1. Fractions
Preparative Refolding of hSCAN-1 from Inclusion Bodies. of 1.25 mL were collected and assayed for calcium-activated
A 12 mg sample of inclusion bodies was solubilized and ADPase activity. Four fractions containing the majority of
denatured at a protein concentration of 0.6 mg/mL in 6 M the activity were pooled and used for subsequent experi-
Gu—HCI, 100 mM Tris—HCI, pH 8.2, containing 2 mM ments. The column was calibrated with standard proteins,
EDTA and 10 mM DTT for 10 min at 60C. After being and the molecular weight of hSCAN-1 was determined.

cooled to room temperature (2€), the sample was diluted Cell-Free in Vitro hSCAN-1 ExpressioA small-scale
10-fold with 6 M Gu—HCI, 100 mM Tris—HCI, pH 8.2, and expression of hSCAN-1 was carried out in a cell-free system
dialyzed versus 20 volumes of 50 mM T+ibsICl, pH 8.0, using the Roche Diagnostics rapid translation system Kkit,
250 mM NacCl, 2 mM CaGl and 5% glycerol for 23 days according to the manufacturer’s protocol. In shortz12of
at 4°C. E. coli lysate, 10uL of reaction mixture, 12:.L of amino

Purification of the Refolded hSCAN-1 Proteiia the acids, 1uL of methionine, 0.5ug of pET28a vector
Hexabhistidine TagAfter dialysis, the sample (200 mL) was containing the sequence encoding soluble hSCAN-1, and 2
clarified by centrifugation (390@Pfor 20 min at 4°C) and uL of protease inhibitor cocktail were combined and then
added to 3 mL of Qiagen NiNTA agarose beads equili- brought to a total reaction volume of 530 with reaction
brated with wash buffer (50 mM TrisHCI, 250 mM NacCl, buffer. Expression was induced by adding IPTG to a final
2 mM CacCl}, pH 8.0). Afte a 1 hincubation at 22C with concentration of 0.8 mM and allowed to proceed %ch at
end-over-end rotation, the beads were poured into a column,30 °C, with gentle shaking. The production of green
washed with 20 mL of wash buffer, and then washed with fluorescent protein (GFP) was used as a positive control for
30 mL of wash buffer containing 20 mM imidazole, pH 8.1. protein expression. The calcium-activated GDPase activity
hSCAN-1 was eluted with 12 mL of wash buffer containing of expressed hSCAN-1 was measured in 20 mM MOPS
150 mM imidazole, pH 8.3, and was immediately diluted buffer, pH 7.1, containing 5 mM Cagl Expression of
with wash buffer to a total volume of 50 mL to dilute hSCAN-1 was confirmed by Western blot analysis using an
imidazole and preserve protein solubility during subsequent anti-carboxy-terminal antipeptide antibody for hNSCANSYL (
thrombin cleavage. To measure the specific activity of the in vitro synthesized

Thrombin Cleaage and Anion Exchange Chromatography active nucleotidase that did not require refolding, we partially
of the Partially Purified hSCAN-1 Proteilhe hSCAN-1 purified hSCAN-1 from the reaction mixture. The reaction
insert in pET28a bacterial expression vector, in addition to mixture was diluted 10-fold into 50 mM TrisHCI, 250 mM
containing an amino-terminal hexa-His tag to aid protein NaCl, 2 mM CadCJ, pH 8.0, and allowed to bind TALON
purification, contains a thrombin site to remove the histidine metal affinity beads (Clontech), equilibrated in the same
tag after purification. The construct sequence in pET28a is buffer, for 10 min at room temperature. The beads were then
as follows (the thrombin cleavage site is italic): MGSSH washed with the buffer, followed by washes with the buffer
HHHHHSSA.VPR-GSMASPPTHNAHN...EGIEFI . The containing 10 mM imidazole, pH 8.0. The enzyme was then
thrombin cleavage occurs between arginine and glycine eluted with buffer containing 100 mM imidazole (pH 8.3)
residues as indicated by a hyphen, thus leaving six extraand assayed for GDPase activity, as well as run on-SDS
amino acid residues attached to the N-terminus of the PAGE. After Coomassie Blue staining of the gel, the amount
putative, soluble hSCAN-1 sequence, which is indicated in of purified hSCAN-1 protein was quantified by comparison
bold. After thrombin cleavage, the purified protein (including of the hSCAN-1 stained protein band with a calibration series
the GSHMAS sequence at the N-terminus) is 339 amino acid of BSA protein amounts loaded on the same gel, allowing
residues in length. Thrombin cleavage of the—NIiTA calculation of the specific activity of the in vitro expressed
purified protein was accomplished by adding 8 units of enzyme.
thrombin (Novagen) to approximately 8 mg of proteinin 50  Fluorescence Spectroscoplluorescence spectra were
mL. The sample was then dialyzed for 24 h &tCGlagainst obtained on an SPF-500C SLM Instruments spectrofluorom-
2 L of 50 mM Tris—HCI, 150 mM NaCl, 2 mM CaG| pH eter at room temperature with excitation and emission slit
8.0. To prepare the sample for anion exchange chromatog-widths of 7.5 nm. The intrinsic tryptophan fluorescence of
raphy, the dialysis was continued agai@sL of 20 mM hSCAN-1 was measured by exciting the sample at 295 nm
MOPS, pH 7.1, for 16 h at 4C. The crystal-clear sample and recording the emission at 36850 nm.
was removed from the dialysis bag and loadecad mL UV SpectroscopyJV absorption and difference absorption
Bio-Rad Econo-Pac Q cartridge equilibrated with 20 mM spectra were recorded with a DU-70 Beckman spectropho-
MOPS, pH 7.1. The anion exchange column was washedtometer at room temperature. Difference spectra were taken
with 10 mL of 20 mM MOPS, pH 7.1, and eluted with 50 on hSCAN-1in 20 mM MOPS, 100 mM NaCl, pH 7.1, with
mL of a 0—500 mM NacCl gradient in 20 mM MOPS, pH a protein concentration of 0.96 mg/mL as assayed by the
7.1. The 2 mL fractions collected from the gradient elution, Coomassie Brilliant Blue binding technique, which cor-
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Table 1: Purification of the Bacterially Expressed and Refolded hSCAN-1

total vol protein concn total protein ADPase activity
sample (step) (mL) (mg/mL) (mg) [(zmol of P/mg)/h]
refolded enzyme 200 0.06 12.0 555
clarified, refolded enzyme 200 0.0563 11.3 533
Ni—NTA agarose purified enzyme (after dilution) 50 0.164 8.2 720
thrombin-treated N+ NTA purified enzyme 50 0.147 7.35 893
QMA ion exchange purified enzyme 10.2 0.51 5.19 1058
S-200 size exclusion chromatography purified enzyme 5.2 0.96 4.99 1127

a Activity was measured in 20 mM MOPS, 5 mM CaQbH 7.1, with 2.5 mM ADP as substrate. Approximately 50 mg of bacterial inclusion
bodies was obtained from a 550 mL bacterial culture. A 12 mg sample of this inclusion body preparation was used for the refolding and purification
of hSCAN-1 outlined in this table. The yield of purified hSCAN-1 protein was about 5 mg.

responded to an optical density of 2.35 at 279 nm. Both the A B

sample and the reference cells contained &QOof this

hSCAN-1 solution, and the difference spectra were recorded ko 1234567 R :,.

before and after stepwise addition of Ca@ the sample 18 =

cell in 2 uL aliquots. To adjust the protein concentration, 67 - =

the same volumes of water were added to the reference cell. B e e |
Circular Dichroism Spectroscop@ircular dichroism (CD) -

spectra were acquired with a Jasco 715 spectropolarimeter. R h

Solutions of hSCAN-1 (0.16 mg/ml= 4.24 uM) were i

prepared in 10 mM TrisHCI buffer, pH 7.1, and the spectra SDS-PAGE Native Gel

were acquired in a cell with an optical path length of 0.1 Ficure 1: SDS-PAGE and native gel analysis of the purification
cm. Each spectrum was the average of four spectral ac-and thrombin cleavage of the ba_cterially expressed and re_folded
cumulations. Data were directly converted into mean residue "SCAN-1. (A) SDS-PAGE analysis of the hSCAN-1 purification

. . steps outlined in Table 1. Bio-Rad broad range standards were
molar ellipticity (mre) using Jasco J700 software and then |,-ded in lane 1, while g of protein was loaded in lanes-8.

analyzed by the DICROPROT 2000 progradb;( http:/ Lane 2: inclusion body preparation. Lane 3: refolded enzyme. Lane
dicroprot-pbil.ibcp.fr/), which integrates into a single package 4: refolded enzyme after clarification. Lane 5:-NNTA agarose

several methods designed for the estimation of protein purified enzyme. Lane 6: thrombin-treated NNTA purified

sequence secondary structure. Within the DICROPROT €nzyme. Lane 7: QMA ion exchange chromatography purified
enzyme. Lane 8: S-200 size exclusion chromatography purified

computer program, the K2D programi§ also available  enzyme. Note the decrease in apparent molecular weight of the
directly for Web data input at http://www.embl-heidelberg.de/ protein after removal of the hexahistidine tag by thrombin cleavage
~andrade/k2d/) was used to determine the peraemelix, (lanes 6-8). (B) Conformational homogeneity of the hSCAN-1

B sheet, and random coil of hSCAN-1. The K2D program analyzed by native gel electrophoresis. Lane 1 contaipg bf

. . . hSCAN-1, stained with Coomassie Brilliant Blue for total protein.
uses a Kohonen neural network and the circular dichroism In lane 2. 1ug of RSCAN-1 was stained for calcium-activated

data from 200 to 240 nm to predict the secondary structural Appase activity as described in the Materials and Methods. Note
element composition of proteins. The PROF computer that the appearance of the single total protein band in lane 1 is
program (7; http://www.aber.ac.ukfphiwww/prof/) was identical with that of the nucleotidase activity band in lane 2.
used to predict the amounts of secondary structure directly
from the amino acid sequence of hSCAN-1, to allow and refolding. Therefore, refolding/dialysis was performed
comparisons between the experimentally determined andat a solubilized inclusion body protein concentration of 0.06
predicted secondary structural element compositions of themg/mL or less.
protein. The purification of the bacterially expressed and refolded
hSCAN-1 and the removal of its N-terminal hexahistidine
RESULTS tag are summarized in Table 1. Figure 1A shows the SDS
Expression, Refolding, and Purification of hSCAN-1. PAGE analysis of the samples obtained after successive steps
SDS-PAGE and Western blot results indicated that hSCAN-1 of the purification procedure listed in Table 1 and illustrates
protein was expressed in bacteria in an insoluble form andthe protein homogeneity of hSCAN-1 after purification.
found almost entirely in inclusion bodies (data not shown). Immobilized metal affinity chromatography resulted in a 23%
Several parameters were varied to determine the optimumincrease in the ADPase specific activity of hSCAN-1. The
conditions for refolding the inclusion body protein prepara- decrease in molecular weight of hNSCAN-1 after removal of
tion into an active nucleotidase, including the use of different the hexahistidine tag by thrombin treatment can be seen in
denaturant/solubilizing agents and the presence or absencéanes 6-8 in Figure 1A. QMA ion exchange chromatography
of DTT during the denaturation/solubilization steps. The removed thrombin, the excised hexahistidine tag, and other
effect of pH, the presence or absence of calcium ions, andcharged impurities. The last purification step was size
the volume ratio of the refolding/dialysis buffer to the exclusion chromatography, yielding purified hSCAN-1 with
denatured sample were all evaluated. Protein concentrationan ADPase activity of 1127ufmol of R/mg of protein)/h.
was found to be the most important variable for successful The final yield was approximately 5 mg of pure, active
refolding of denatured, solubilized hSCAN-1 inclusion body hSCAN-1 protein from 12 mg of insoluble, inactive inclusion
protein. Concentrations that exceeded approximately 0.06body protein. The specific activity of the purified and
mg/mL resulted in precipitation of the protein during dialysis thrombin-treated protein is only roughly doubled relative to
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Ficure 3: Substrate preference of hSCAN-1. Assays were done
FIGURE2: Analysis of hSCAN-1 by size exclusion chromatography in 20 mM MOPS buffer, pH 7.1, containing 10 mM Ca@ind a
on Sephacryl S-200. The calibration standards (boyiiggobulin final nucleotide concentration of 2.5 mM. Activity units are
(158 kDa), bovine serum albumin (67 kDa), ovalbumin (44 kDa), micromoles of Pliberated per milligram of protein per hour at 37
myoglobin (17 kDa), and vitamin B-12 (1.35 kDa)) are represented °C. The break in thg-axis denotes a nearly 10-fold change in scale.
by filled circles, and the fraction containing the maximum calcium- The standard deviation of the mean for four measurements is
activated ADPase activity is indicated by an open square. From reported. The relative activities toward various nucleotides under
the straight line fit of the calibration protein data, the molecular the conditions used are given directly above each data bar (percent
weight of the soluble hSCAN-1 was calculated to be 38 kDa. maximal activities, normalized to UDPase as 100%).

Fraction Number

that of the refolded enzyme because the inclusion body COS-1 cells 8), we assayed nucleotidase activity using a
preparation was more than 50% pure hSCAN-1 protein.  variety of substrates and divalent cations and determined the
The conformational homogeneity of the refolded, purified effects of pH and ionic strength on enzymatic activity. The
enzyme was assessed both by size exclusion chromatographpDPase and GDPase activities were measured at 2.5 mM
(Figure 2, note that the determined molecular weight of total nucleotide concentrations in the absence of divalent
38000 Da is very close to that calculated from the protein cations, as well as in the presence of either 0.5 or 5 mM

sequence assuming a monomeric protein, i.e., 37770 Da),CaCk, MgCl,, MnCl,, SrCh, CuCh, CoChk, or NiCl,.
and native gel electrophoresis (Figure 1B). In Figure 1B, Nucleotidase activity was only detected in the presence of
the native gel electrophoretic mobility of the hSCAN-1 calcium ions. Next, a variety of nucleoside mono-, di-, and
protein band in lane 1 (stained with Coomassie) correspondstriphosphates were used as substrates (2.5 mM final nucle-
precisely to the mobility of the hSCAN-1 band stained for otide concentrations) in the presence of 10 mM G#&kibure
enzyme activity (lane 2). Electrophoretic migration of 3). The activity for preferred substrates, GDP, IDP, and UDP,
hSCAN-1 protein as a single band, as detected by both totalis high, in the range of 3000Q:(ol of R/mg)/h, whereas
protein (Figure 1B, lane 1) and nucleotidase activity (Figure the specific activity for ADP, CDP, and the nucleoside
1B, lane 2), demonstrates the conformational homogeneitytriphosphates is 2050-fold lower. No measurable hydrolysis
of the refolded protein. of either AMP or GMP was detected in parallel experiments
We compared the specific activity of the enzyme refolded (data not shown).
from bacterial inclusion bodies to that of the enzyme  The effect of pH on the ADPase activity of hSCAN-1 was
synthesized in active form in an in vitro system. This com- measured in 50 mM PIPES Kp 6.8) and 50 mM Bis-Tris
parison was used as an additional indication of the efficacy (pK, 6.5) buffers. Figure 4A shows that the pH optimum is
and completeness of the protein refolding process. The sameén the range of 6.36.7. These values are slightly different
pPET28a expression vector containing the soluble hSCAN-1 from the pH optimum of approximately 6.8 obtained in a
sequence that was used for bacterial expression was also useBis-Tris buffer system for hSCAN-1 expressed in mam-
for expression with the in vitro RTS marketed by Roche. malian COS cellsJ). Interestingly, there is a significant
With this RTS, we obtained small amounts of active, soluble difference in enzyme activity at any given pH in the different
apyrase, with a specific activity of approximately 28000 buffer systems used. It should be noted that the substrate
(umol of GDP hydrolyzed/mg of protein)/h (measured using concentration used in these experiments was 2.5 mM ADP
2.5 mM GDP) after purification via the hexahistidine tag. or GDP. Due to the relatively large, for ADP (5.4+ 0.3
This value of specific activity of the in vitro expressed mM), versus thé&,, for GDP (0.46+ 0.09 mM), the substrate
enzyme was comparable to the specific activity of hSCAN-1 concentration of 2.5 mM was not optimal for the hydrolysis
that was expressed in bacteria, refolded and purified (28000 of ADP. However, our purpose was to compare nucleotide
44000 gmol/mg)/h; see Figures 3, 4, and 5). hydrolysis under the same conditions, including substrate
Thus, an efficient large-scale protocol for hSCAN-1 concentrations, with pH as the only variable.
expression, refolding, and purification was developed, and The effect of ionic strength on hSCAN-1 enzymatic
all the characterization data suggest that the bacterially activities (using a 2.5 mM concentration of each nucleotide)
expressed and refolded enzyme is in a homogeneousjs shown in Figure 4B. NaCl inhibited hydrolysis of ADP
enzymatically active conformation. more than hydrolysis of GDP. At 200 mM NacCl, ADPase
Biochemical Characterization of Refolded hSCANFa. and GDPase activities were reduced by about 70% and 30%,
characterize the bacterially expressed hSCAN-1 and torespectively, as compared with nucleotidase activities in the
compare it with the same enzyme synthesized in mammalianabsence of NaCl.
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A which haveK, values for ADP and ATP in the range of
10-100uM (19).

Thus, the properties of the bacterially expressed and
refolded hSCAN-1 mimic what is known of the properties
of the mammalian cell expressed hSCAN-1 and differentiate
it from other classes of soluble nucleotidases, including the
eNTPDases, 20).

Ca?* Dependence of hSCAN-1 Adty. The GDPase
activity of hSCAN-1 was absolutely dependent on the
presence of Ca (Figure 5, filled symbols). Surprisingly,

ity
s
(=3
(=)

:

ADPase Activ
N
8

55 60 65 70 75 GDPase activity did not increase in a quasi-linear fashion at
pH total C&" concentrations below 1 mM as would be expected
B if Ca®" were only used as a cosubstrate for the nucleotide

substrate. This “lag phase” at totalC&oncentrations below
1 mM and the overall sigmoidal shape of the activity curves
can be seen in Figure 5A. For comparison, the GDPase
activity of potato apyrase (a member of the eNTPDase
family) was also determined at various®Caoncentrations
(Figure 5, open symbols). Potato apyrase demonstrated a
typical quasi-linear increase of enzymatic activity at the
lowest C&" concentrations used, as expected if>Ca
functioned solely to form a CaGDP substrate complex
0 suitable for enzymatic hydrolysis (Figure 5). Due to the
chelating properties of GDP, free €aconcentrations differ
from total C&* concentrations, especially at the lowest total

Ficure 4: Biochemical characterization of hSCAN-1. In all cases, + ; ; ;
the nucleotide concentration used was 2.5 m), BAfect of pH C&" concentrations used. Accordingly, replotting GDPase

and type of buffer on the ADPase activity of hSCAN-1. Two activity versus calculated free €a concentration also
different buffers having K. values from 6.5 to 7.0 were com- showed the lag phase in hSCAN-1 enzymatic activity at free

pared: ®) 50 mM PIPES (K, 6.8), 5 mM CaCj; (m) 50 mM C&* concentrations below 0.1 mM (Figure 5B). No hSCAN-1
Bis-Tris (pKa 6.5), 5 mM CaCl. The error bars represent the  activity was detected at or below 60 free C&* (Figure

standard deviation of the meam=£ 3). (B) Effect of ionic strength ; s
on the ADPase and GDPase activity of hSCAN-1. Varying amounts =B, inset). In contrast, the GDPase aciivity of potato apyrase

of NaCl were added to 20 mM MOPS, 5 mM CaGiH 7.1, and increased in a quasi-linear fashion at the lowest fre& Ca
nucleotidase activity was measured as described in the Materialsconcentrations used. Replotting GDPase activity versus
and Methods. The error bars represent the standard deviation ofcalculated CaGDP complex concentration also demon-
the meanif = 3). Activity units in (A) and (B) are micromoles of  strated a lag phase for hNSCAN-1 with no detectable activity
P, liberated per milligram of protein per hour at 3. below 0.25 mM CaGDP (Figure 5C). hSCAN-1 activity
became detectable when the free?Caoncentration was

Lhe Kin for fhydr(;)lyasl 0{.3 prAeIfDePrred nugletotldg (C;DP()j increased to 8#M (Figure 5B, filled circles), which occurred
and a nonpreferred nucleotide ( ) were determined un €lat about 0.3 mM CaGDP (Figure 5C). In contrast, the

conditions resulting in less than 10% of the added nucIeotidesGDF,ase activity of potato apyrase increased in a typical

hydrquzed during the course O.f th.e' experiments, Fhus guasi-linear manner at €&DP concentrations below 0.25
allowing the use of the standard, simplified kinetic equations .\ (Figure 5C).

to fit the data obtained. The data were fit to hyperbolic curves 1,4 presence of 100 mM NaCl accentuated the lag phase
to calculate thém andVmaxfor the purified enzyme for these ¢ the hSCAN-1 activity curve, with no enzymatic activity
nucleotides. The concentrations of metalicleotide com-  jatectable at or below 128V free C&* (Figure 5B, inset
plexes Ca-GDP and CaADP andKp, for these substrate fjjieq squares). In the presence of NaCl, the activity curve
complexes were also calculated. For GDP hydrolysis in the 55 slightly shifted to higher GaGDP concentrations
presence of 5 mM Caglvalues ofKn = 0.46+ 0.09 MM (Figure 5C). Figure 5C also shows that the enzymatic
(for GDP), K = 0.39+ 0.08 mM (for Ca-GDP), andVinax ~ activation of hRSCAN-1 in the presence of NaCl occurred at
= 45800+ 2100 mol/mg)/h were obtained (the mean a much higher free CGa concentration (208300 «M), as
values+ standard deviations of four experiments). Likewise, compared to approximately 100/ free C&* in the absence

for ADP hydrolysis in the presence of 10 mM CaGlalues  of NaCl (the free C# concentrations are indicated by arrows
of Kn=>5.4+ 0.3 mM (for ADP),Kn, = 4.7+ 0.3 mM (for and numbers in Figure 5C).

Ca-ADP), and Vmax = 4170 £ 40 (umol/mg)/h were Qualitatively similar results demonstrating the lack of
obtained (the mean values standard deviations of four hSCAN-1 activity at or below 6(M free C&" were also
independent experiments). Thus, the preferred substrate GDRybtained using ADP as substrate (data not shown). The
has a loweiKn, but theKn values for both GDP and ADP  nonlinear dependence of nucleotidase activity on sub-
are fairly high, as compared #, values for the eNTPDase  millimolar total C&" concentrations and virtual inactivity
family of apyrases. All of the eNTPDases hakg values of the enzyme below 6@M free C&" (in the absence of
less than 0.5 mM; the naturally soluble forms have higher NaCl) or 120uM free C&" (in the presence of NaCl)
Km values (e.g., & for GDP for NTPDase6 (CD39L2) of  suggested that C&induced conformational changes might
211 uM (18)) than the membrane-bound, tetrameric forms, occur in hSCAN-1 in this range of €aconcentrations.
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_ Ficure 6: Effect of C&" on the intrinsic tryptophan fluorescence
of hSCAN-1. (A) Change in the intrinsic tryptophan fluorescence
_ < as a function of added €a A 0.85uM (32 ug/mL) concentration
-3000 £ of hSCAN-1 in 20 mM MOPS, pH 7.1, was excited at 295 nm,
~ 40000 = and fluorescence emission was recorded before and after stepwise
& b additions of CaGlto the final concentrations indicated. Note that
2 L2000 5 the fluorescence intensity increases in a saturable manner upon
b 2 addition of C&" with half-saturation at about 70M Ca*. (B)
< 20000 = Saturable increase in hSCAN-1 tryptophan fluorescence caused by
i L1000 & Ca*, and the effects of NaCl and Mg Emission spectra were
E < obtained in 20 MM MOPS, pH 7.10), in 20 mM MOPS, pH 7.1,
U § containing 100 mM NaCl @), and in 20 mM MOPS, pH 7.1,
<z 0 0 < containing 5 mM MgC] (®). The excitation was at 295 nm, and
T— . . . . i [-» the spectra were taken before and after stepwise addition ot.CaCl
00 05 10 15 20 25 Fluorescence intensities &tax (346—348 nm) were corrected for
Ca-GDP (mM) dilution and plotted against final concentrations of addett CBhe

lines represent plots of the four-parameter logistic fits to the data,
FiGUrRe 5: C&* dependence of hSCAN-1 and potato apyrase from which the EG, values are obtained.
GDPase activities. GDPase activities of hSCAN-1 (solid lines, filled ] )
symbols) and potato apyrase (dotted lines, open symbols) were Ca&*-Induced Conformational Changes in hSCANAle
measured in 20 mM MOPS, pH 7.1, in either the abse®geX) investigated the conformational changes in hSCAN-1 by
or the presencell, [0) of 100 mM NaCl. The total GDP concen-  gnq1yv7ing the intrinsic tryptophan fluorescence of the purified

tration was 2.5 mM, and total €aconcentrations were varied as f . fen ion. Ei 6A sh
indicated in the top panel (A). (A) hSCAN-1 and potato apyrase ENZyme as a function of €aconcentration. Figure 6A shows

GDPase activities as a function of total€aoncentration. The the emission spectra from excitation at 295 nm of 11
inset expands a portion of the graph corresponding to low total tryptophan residues present in the protein. Stepwise addition
Ca* concentrations. (B) hSCAN-1 and potato apyrase GDPase acti- o c+ caused a saturable increase in the intensity of

vities as a function of free Ga concentration, replotting the data . .
presented in panel (A) versus free?Caoncentration. Free Ca tryptophan fluorescence with half-saturation at aboytV0

concentrations were calculated as described in the Materials andC&*. No shift in the maximum fluorescence wavelength
Methods. The inset expands a portion of the graph corresponding(346—348 nm) was detected. The €anduced increase of
to low free C&* concentrations. (C) hSCAN-1 and potato apyrase ryptophan emission was completely reversible upon addition

GDPase activities as a function of €&DP concentration, replot- .
ting the data presented in panel (A) versus-GDP concentration. of EDTA (0.2 mM CaC} followed by addition of 0.5 mM

Ca—GDP concentrations were calculated as described in the EDTA, data not shown). In the absence oGavgCl, at
Materials and Methods. The numbers in panel (C) denote calculated5 mM did not affect tryptophan fluorescence, indicating
free C&" concentrations for the indicated data points. Note that ¢ation selectivity of the conformational change (data not

the enzymatic activity of hSCAN-1 in the presence of NaCl occurs : .
at higher free C& concentrations (206300 «M) than in the ab- shown). Concentrations of €arequired to generate 50%

sence of NaCl (approximately 1Q0M). Activity units are micro- of the maximal change in tryptophan emission increased from
moles of R liberated per milligram of protein per hour at 3. 88+ 22 uM (mean+ SD,n = 5) in 20 mM MOPS to about
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FIGURE 7: C&*-induced difference absorption spectra of h\SCAN- Ficure 8: CD spectra of hSCAN-1 protein in the absence and
1. Both sample and reference cells contained 0.5 mL ofil¢b presence of 1 mM Ca. The pure hSCAN-1 protein was analyzed

hSCAN-1 (0.96 mg/mL) in 20 mM MOPS, pH 7.1, 100 mM NaCl.  at a concentration of 4.24M (0.16 mg/mL) in 10 mM Tris-HCI

The difference spectra were recorded starting with no addéti Ca  buffer, pH 7.1, in the absence (open circles) and presence (filled
and after stepwise addition of CaGb the sample cell in 2L circles) of 1 mM C&*. Values plotted are the mean residue molar
aliquots to the final C& concentrations indicated. To adjust the ellipticity in (degcm?)/(dmokresidue).

protein concentration, the same volumes of water were added to

the reference cell. Note that the magnitude of the differential o+ - .
absorbance increases in a saturable manner upon additiorf'of Ca Mg=" did not result in a measurable difference spectrum (data

and reaches half-saturation at a?Caoncentration between 0.2 N0t shown). Since these experiments were performed in the
and 1 mM. The inset shows th absorption spectrum of hSCAN-1 presence of 100 mM NaCl in 20 mM MOPS, pH 7.1 (the
in the absence of Ca NaCl stabilizes the protein and prevents aggregation at higher
. . protein concentrations), the half-saturating Gaoncentration
400uM in the presence of 100 mM NaCl and approximately in the range of 0.5 mM corresponds well to a2Ca
700 uM in the presence of 5 mM Mggl(Figure 6B).  concentration required for tryptophan fluorescence change
Remarkably, NaCl affected the €adependence of tryp-  ynder the same buffer and ionic strength conditions (see
tophan fluorescence in a similar manner as it shifted the lag Figyre 6B). The C#-induced increase in both tyrosine and
phase of the nucleotidase activity curve to highef'Ca  yptophan absorbance suggests rearrangements to a less
concentrations (Figure 5B). This suggests a causal relation-nojar environment, with the magnitude of the effect indicat-
ship between the conformational change detected by tryp-mg that multiple tyrosine and tryptophan residues are

tophan fluorescence gnd the enzymatic activation of hSCAN-1 involved, suggesting a delocalized conformational change
detected by nucleotidase assay. in the protein.

We further analyzed Ca-dependent conformational . . .
: : Circular Dichroism Spectroscopy of hNSCANTD further
h hSCAN-1 \Y, F 7). Th
changes in hSC by UV spectroscopy (Figure 7). These characterize the hSCAN-1 protein and the conformational

experiments were conducted in the presence of 100 mM . . :
NaCl in 20 mM MOPS, pH 7.1. The UV spectrum of change induced by G5 CD spectra were obtained in the

hSCAN-1 is typical for a protein rich in Tyr (14 residues) Presence and absence of 1 mM?Carhe CD spectra were
and Trp (11 residues) with a characteristic shoulder at290 ©btained in 10 mM TrisHCI, pH 7.1, rather than 20 mM
295 nm due to tryptophan residues (see the inset in FigureMOF_’S’ pH 7.1, used_for the fluorescence and UV absorption
7). Addition of 2 mM C&* caused a distinct red shift of the ~ Studies, due to the high absorbance of 20 mM MOPS buffer
whole spectrum of about 0.5 nm, as well as a slight increaseP€low 240 nm. Repeating the tryptophan fluorescence
in the maximum absorbance (from 2.354 to 2.370 for a €xperimentsin 10 mM TrisHCI, pH 7.1, buffer gave a B
protein solution of 0.96 mg/mL concentration) and a small value for C&* similar to that obtained in 20 mM MOPS,
shift of Amax from 278.9 to 279.1 nm (data not shown). PH 7.1, buffer (not shown). The CD spectra shown (Figure
Addition of 5 mM Mgt to hSCAN-1 did not influence the 8) are representative of three experiments performed in the
UV spectrum, but subsequent addition of 2 mM?Cadid presence and absence of 1.0 mM GaGpon addition of 1
result in a red shift and an increase in the maximum of the MM CaCl, there are minor increases in the amplitude of
spectrum (data not shown). The red shift of the UV spectrum the positive peak at about 232 nm and the position of the
suggests Ca-induced rearrangements of Tyr and Trp negative peak at about 214 nm in the CD spectra, as well as
residues, decreasing their exposure to the aqueous solvensmall changes below 205 nm (see Figure 8). The PROF
The difference UV spectra demonstratectGdependent, ~ computer programl(7) predicted the amounts of secondary
saturable changes in the absorbance of Trp residues (pealgtructures based on the 339 amino acid sequence of hSCAN-1
at 293 nm) and Tyr residues (peak at 286 nm). The smallerto be 11.5%a-helix, 44.5%3-sheet, and 44% random coil.
peak at 280 nm is likely a second maximum for Tyr residues. Analysis of the experimentally obtained CD data by the
The contribution of Phe residues to the difference spectra in neural network K2D computer prograrh6) in the absence
the range of 256270 nm is very small. The changes in the of Ca&* calculated the amounts of secondary structures
UV absorption of Tyr and Trp residues reached half- presentin hSCAN-1 as being H71.2%ao-helix, 44+ 2.3%
maximum values at a €aconcentration between 0.2 and 1 5-sheet, and 46.% 0.6% random coil, consistent with the
mM and were specific for G4, since addition of 5 mM PROF-predicted secondary structure composition. The pres-
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ence of 1 mM C&" caused no statistically significant change
in the secondary structure of hSCAN-1, with the K2D
program calculating 10.& 1.2%a-helix, 43+ 3% 3-sheet,
and 46.7+ 0.6% random coil in the presence of 1 mM*Ca
Evaluation of the Possibility of Rilon Contamination
Effects on hSCAN-1 Propertieg/e performed additional
experiments to investigate whether the “lag” ir"Ganduced
activation of hSCAN-1 could be due to potential 2Ni
contamination arising from the NINTA column that was
used to purify the enzyme. An hSCAN-1 inclusion body
preparation was solubilized in guanidinelCI, applied to
the Ni=NTA resin under denaturing conditions, eluted, and
treated with Chelex-100 resin (while still denatured in 6 M
guanidine-HCI) to remove all contaminating divalent cat-

Murphy et al.

that it is indeed specific for calcium ions, unlike the
eNTPDase apyrases.

The pH optimum of bacterially expressed hSCAN-1 is
6.3—6.7 (Figure 4A) and is comparable to the pH profile of
COS expressed hSCAN-1, but lower than the optimum pH
of 8.5 for the bed bug apyrasg, 3). Unlike theCimexbed
bug apyrase, both the bacterially expressed and COS cell
expressed hSCAN-1 show a relatively sharp decline of
activity above pH 7.0.

The hSCAN-1K,, values for ADP (5.4 mM) and GDP
(0.46 mM) are high and, especially for ADP, are substantially
higher than the 186100xM range ofK, values reported for
the membrane-bound eNTPDase apyrad&¥ @s well as
the 211uM GDP K, reported for the soluble NTPDase6

ions. The Chelex-treated hSCAN-1 preparation was purified apyrase (CD39L218). Thus, the soluble apyrase described
as described above, and the calcium activating studies werdn this work should only be fully enzymatically active in

repeated. We observed no differences in either th& Ca
dependence of GDPase activity or the?Gmduced con-

microenvironments having high concentrations of nucle-
otides, as are the soluble eNTPDases.

formational change as monitored by tryptophan fluorescence  The most unique and surprising feature of hSCAN-1 is

(data not shown), indicating that potentiaPNecontamination

the absolute need for €afor enzymatic activity. Unexpected

is not responsible for these unique properties of hNSCAN-1. nonlinear dependence of nucleotidase activity on sub-

DISCUSSION

The high specific activity of the bacterially expressed,
refolded, and purified hSCAN-1 apyrase (286@R24000
(umol/mg)/h for the hydrolysis of GDP) compares favorably

millimolar C&" concentrations and virtual inactivity of the
enzyme below 6@M free C&" (in the absence of NaCl) or
120uM free C&* (in the presence of NaCl) prompted us to
investigate the possibility of structural changes in the protein
as a function of CH concentration. The intrinsic fluores-
cence and difference absorption studies of h\SCAN-1 revealed

to that of both the naturally folded enzyme synthesized in g pstantial C#-induced changes in the environment of

the in vitro bacterial rapid translation system (2800 0l/

tryptophan and tyrosine residues. Several aspects of these

mg)/h) and the COS cell expressed enzyme describedconformational changes are of particular interest.

recently @). This, along with the absence of any evidence

First, conformational changes occur in a saturable manner

of conformational heterogeneity detected by size exclusion yiin respect to C& concentrations, suggesting that hSCAN-1
chromatography (Figure 2) and native gel electrophoresiss g calcium-binding protein. The estimated affinity of
(Figure 1B), strongly suggests that the large majority of the ,scAN-1 for Ca+ obtained from the G4 concentration
protein molecules are refolded into a native, enzymatically required to induce a half-maximal conformational change

active conformation.

hSCAN-1 was discovere®) by sequence homology with
the blood-sucking insect apyras@3 &nd shares 45% amino
acid sequence identity with theéimexbed bug apyrase2(
3). The enzymatic activity of both enzymes is strictly
dependent on Ca. However, the substrate profiles of

(EGs0) was approximately 88M. This apparent affinity for
C&" is in the range of the dissociation constants fof'Ca
in specialized C&-binding proteins such as EF-hand type
S100 proteinsdl, 22).

Second, the magnitude of €ainduced changes in the Tyr
and Trp environment, as evident from the red shift of the

hSCAN-1 and the bed bug apyrase differ. The bed bug UV absorption spectra and the size and shape of the UV
apyrase hydrolyzes ADP and ATP efficiently, whereas difference spectra, suggests a nonlocalized “global” change
hSCAN-1 hydrolyzes UDP, GDP, and IDP-280-fold faster ~ in protein conformation. The G&induced UV difference
than ADP and CDP and hydrolyzes ATP only to a very small spectrum shown in Figure 7 has the same shape, but opposite
extent (see Figure 3). The ADPase specific activity reported sign, as compared to difference spectra obtained with proteins
for the Cimexbed bug apyrase is 379 units/n@),(equivalent  rich with Tyr and Trp after their denaturation with G#ClI.
to 22740 fmol/mg)/h. This ADPase specific activity is Thus, the difference absorbance spectrum of hSCAN-1
comparable to the GDPase specific activity of hSCAN-1 petween 275 and 305 nm increases with addéd @aFigure
reported in this work (2800644000 imol/mg)/h). 7, whereas the absorbance in this wavelength region de-
Bacterially expressed hSCAN-1 has a nucleotidase profile creases during the process of protein denaturag@n24).
(Figure 3) similar to that of the enzyme expressed in This suggests that, upon addition of?Caseveral aromatic
mammalian COS cells3}. Thus, the specific activity of  residues become less exposed to the aqueous solvent,
hSCAN-1 expressed in COS cells for GDP and UDP is probably as a result of shifting into a more hydrophobic
approximately 100-fold greater than that for ADP. It was environment. Interestingly, this conformational change is not
previously reported that the COS cell expressed hSCAN-1 accompanied by major changes in secondary structure (see
displayed nucleotidase activity with calcium, but not mag- Figure 8), suggesting a reshaping of the tertiary structure of
nesium, ions ). This was also found to be the case for the the enzyme with little change in secondary structural
bacterially expressed enzyme described in this work. In elements.
addition, the bacterially expressed and refolded enzyme was Third, there is a qualitative correlation between freé'Ca
not activated by any other divalent cations tested, including concentrations required for conformational changes in
manganese, strontium, copper, cobalt, and nickel, indicatinghSCAN-1 and free Ca concentrations needed for enzymatic
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activation of the protein. Thus, the GDPase activity of tional change may be required for activation of the enzyme.

hSCAN-1 became detectable at freeCeoncentrations of

Future studies may provide more details as to the number

about 90 and 30@M when assayed in either the absence or and structure of the hRSCAN-1 &abinding sites, the unusual
the presence of 100 mM NacCl, respectively (Figure 5B, nature of the C&-induced conformational change, and the
inset). Comparably, the changes in tryptophan fluorescencephysiological relevance of Gaactivation of hSCAN-1.

become noticeable at similar freeC@oncentrations (Figure
6B). However, the E& of free C&" for the conformational
change does not correlate quantitatively with that for the
nucleotidase activity. Given Eg= 0.088 mM free C&"

for the conformational change a#g, = 0.39 mM for Ca-
GDP, one would expect nucleotidase activity of 1/2/gf,/2
(i.e., Vma{4) at a substrate concentration equaKipand a
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free C&" concentration equal to 0.088 mM. In fact, the cqncerming the properties of the mammalian cell expressed
nucleotidase activity of h\SCAN-1 is much lower than 11000 5caN-1.

(Vmay/4) at 0.39 mM CaGDP and 0.11 mM free Ca

(Figure 5C), suggesting that some other factor(s) may REFERENCES

decrease the affinity of the enzyme forCar that some
other processes affecting enzyme activity may be involved.
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