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ABSTRACT. Members of the ecto-nucleoside triphosphate diphosphohydrolase (eNTPDase) family exhibit
distinctive substrate specificities, but how such specificities are achieved by enzymes with identical putative
catalytic domains is unknown. Previously we showed that H59G substitution changes CD39 from an
apyrase to an adenosine diphosphatase (ADPase) in a manner that depends on intact associations of both
transmembrane domains with the membrane. Here we show that the extracellular domain of CD39L1
ecto-adenosine triphosphatase (ecto-ATPase) has the same 3:1 ATP:ADP hydrolysis ratio as the extracellular
domain of CD39, suggesting that the transmembrane domains are required to confer the native substrate
specificities on each enzyme. As in CD39, H50G substitution has little effect on the activity of the CD39L1
extracellular domain or solubilized monomers. However, H50G substitution diminishes both ATPase and
ADPase activities of native CD39L1, in contrast to its selective effect on ATPase activity in CD39,
suggesting that the transmembrane domains confer different ADP hydrolysis mechanisms on CD39 and
CD39L1. We then show that the transmembrane domains of CD39L1 can substitute for those of CD39
in conferring native CD39 substrate specificity and regulation of H59 but that the transmembrane domains
of CD39 confer neither CD39 nor CD39L1 properties on the CD39L1 extracellular domain. These results
suggest that non-apyrase conserved region residues in the extracellular domain contain the information
specifying CD39 native properties but have a nonspecific requirement for two transmembrane domains to
manifest the information.

Nucleotides are transported from the cytoplasm into the significantly, resulting in enzymes that hydrolyze primarily
extracellular space and into the lumen of intracellular NTPs, primarily NDPs, or both NTPs and NDPs. Initial
organelles 1—5), where they influence a variety of physi- efforts to understand the structural basis for differences in
ological functions including neuronal signaling, platelet substrate specificity focused on five domains, called the
clotting, vascular homeostasis, immune function, and protein apyrase conserved regions (ACRs), found in all eNTPDases
and lipid modification 6—10). Nucleoside triphosphates (18, 19). In particular, ACR1 and ACR4 are homologous to
(NTPs) and their derivatives nucleoside diphosphates (NDPs),the phosphate binding loops of a family of cytoplasmic
nucleoside monophosphates (NMPs), and nucleosides act o TPases including actin and hsp70 and are therefore likely
overlapping groups of receptors and other regulatory systemsto contain catalytic residuesl® 20—24). Previously we
with an array of additive and antagonistic effectd{14). demonstrated that changing one amino acid in ACR1, H59,
As a result, the overall state of each system is a function of turns CD39 (now referred to as eNTPDase 1) from an
both the total and relative local concentrations of NTPs and apyrase to an ADPas&%). Smith et al. 26) also found that
their derivatives. Since nucleotides cannot be transporteddouble mutation of D219 in ACR4 and W459 in ACR5 turns
back into the cytoplasm until all of their phosphates have the related HB6 apyrase (eNTPDase 3) into an NTPase. Both
been removed1®), nucleotide-hydrolyzing enzymes with  studies point to amino acids in the ACRs as determinants of
extracytoplasmic active sites play a primary role in regulating apyrase substrate specificity. However, related enzymes with
the local concentrations of NTPs, NDPs, NMPs, and nucleo- different specificities have the same amino acids in their
sides. ACRs (7—30). The discovery that the effect of H59G

Ecto-nucleoside triphosphate diphosphohydrolases (eN-substitution on specificity depends on the transmembrane
TPDases) are a ubiquitous family of ectoenzymes that domain and quaternary structure conte2d)(led to the idea
specifically hydrolyze the terminal phosphoanhydride bonds that although these key residues are conserved, their con-
of NTPs and NDPs16, 17). While all family members tributions to specificity may not be; their roles in the ATPase
catalyze hydrolysis both of NTP to NDP and of NDP to and ADPase mechanisms may depend on the transmembrane
NMP, the relative rate constants for these reactions vary domain context of the particular enzyme.

To begin to address the question of whether the interplay
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two terminal transmembrane domains, has the same five Transmembrane domain 1
ACRs as CD39%7, 29), and is thought to form oligomers
(31), but it hydrolyzes primarily NTPs2(7, 32). NDPs are
also substrates but with one-tenth to one-hundedth the
hydrolysis rate of NTPs32). We first sought to determine
the contribution of the transmembrane domains and cyto- MAGKVRSLLPPLLLAAAG - - - - LAGLLLLCVP - | TRDVREPPALKYG
plasmic tails to the total and relative ATPase and ADPase CD39L1

activities of CD39L1. In particular, we wondered whether

CD39 monomers and CD39L1 monomers might have similar

substrate specificities. We then looked at the effect of H50G

substitution in CD39L1, the amino acid equivalent of H59G

substitution in CD39, to determine whether H50 plays the .

same role in the ATPase and ADPase mechanisms of the Transmembrane domain 2

two enzymes and how its role may depend on membrane

context. The results of these experiments suggested that thacD39

transmembrane domains confer different substrate specifici- \gop | sppLPHST | YISLMVLE - SLVLVAMVITGLEIES - K - PSYEWKEAY
ties and regulatlon of ACR1 pn the two enz.y mes.' We ADPPGLRKGTDFSS | WVVLLLLFASALLAALVLLLRQVHSAKLPSTI
therefore created two sets of chimeric enzymes in which the

extracellular domains of CD39 and CD39L1 with and SP3L1

with he HG m ion wer h h other's FIGURE 1: Splice sites of CD39 and CD39L1 used for construction
thout the HG mutatio ere attached to each other's of 39EC and L1EC. Arrows indicate the junctions at which CD39

t_ransmembrane and cytoplasmic domglns in order to INVES-and CD39L1 were attached in 39EC and L1EC (described under

tigate how the transmembrane domains confer specificity. Materials and Methods). Residues after the arrows are T38 and
Y486 for CD39 and T29 and W513 for CD39L1. Transmembrane

MATERIALS AND METHODS residues are highlighted with boldface type, and extracellular
residues are underlined.

ReagentsATP and ADP were purchased from Sigma (St.
Louis, MO). Triton X-100 was purchased from Calbiochem CD39 extracellular domain. The' Primer contained se-
(La Jolla, CA) Fetal bovine serum, penicillin/streptomycin/ quence annealing to the sequence corresponding to CD39
L-glutamine, Dulbecco’s modified Eagle medium (DMEM),  extracellular amino acids P48 485 followed by sequence
and lipofectamine were purchased from Gib&RL (Gaith- coding for amino acids W513L.528 of the CD39L1 second
ersburg, MD). Chemiluminescence reagents were purchaseqyansmembrane domain and containing silent substitutions
from Pierce (Rockford, IL). leading to anNhd site in the sequence encoding CD39L1

DNA ConstructionCloning of human CD39L1 cDNAand  amino acids L524 A526. The remaining part of the CD39L1
insertion into theEcaRl site of pPGW1 expression vector were  gacond transmembrane and cytoplasmic domains was ampli-
performed by T.-F. Wang. Soluble CD39L1 was constructed fjeq from pCDNA3-CD39L1 with a Sprimer containing the
by I_DCR amplification of t.h_e extracellular dpmam, mcl_udmg same createdilhd site and the Sp6'Jrimer. These PCR
residues 7295512, adqmon of a C—terml_nal _hexaHls tag products were digested witkhd and ligated to each other,
encoded by the'3nd primer, and subcloning into a vector and the resulting fragment was digested vaii and Not
previously constructed by T-F. Wang1) containing the and inserted into a®fil—Notl-digested pCDNA3-CD39L1

CD4 signal sequence. The H50G mutation was introduced . o .
into pGW1-CD39L1 by production of two overlapping PCR plasmid containing pCDI\_IAL_% and the CD39L1 coding
sequence upstream of tisil site.

fragments each containing the sequene€GTTCTTCAG-
GTACCTCCATG-3, corresponding to ACR1 amino acids 39ECH59G was constructed by amplifying the extracel-
G47—M53 and including the H to G substitution as well as lular domain of CD39H59G with the same primers as used
an introduqed(pnl site. These fragments were d_igested with above for wild-type CD39, digesting the product wifil
Kpnl and ligated to each other, and the resulting fragment and Nhd, and inserting it in place of the corresponding
containing the H50G mutation was substituted for the fragment of 39EC.
corresponding fragment of wild-type pGW1-CD39L1. Soluble - h llul
CD39L1 with the H50G substitution was generated by the ~-1EC was constructed by combining the extracellular
same method as soluble CD39L1 with pGW1-CD39L1H50G domain of CD39L1 with the transmembrane and cytoplasmic
as the template. domains of CD39. The junctions between CD39 and CD39L1
39EC was constructed by combining the extracellular amino §1C|d_ sequences are the same as for 39EC and are
domain of CD39 with the transmembrane domains and shown in Figure 1. The extracellular domain of CD39L1 was

cytoplasmic tails of CD39L1. The amino acids at which 2mplified with a 3 primer containing sequence encoding
CD39 and CD39L1 were attached to each other are shown”34—L37 of the first CD39 transmembrane domain, includ-
in Figure 1. The CD39 extracellular domain was amplified N9 & Hpal site created by silent mutation, followed by
with 5 and 3 primers containing part of the CD39L1 amino- annealing sequence corresponding to TE34 of CD39L1

and carboxy-terminal transmembrane domains, respectively.€xtracellular domain, and & grimer composed of annealing
The B primer contained sequence coding for the CD39L1 sequence corresponding to G565512 of CD39L1 followed
first transmembrane domain from upstream of 8fi¢ site by sequence corresponding to Y486498 of the second

to the CCC corresponding to P28 followed by annealing CD39 transmembrane domain and includingSpé site
sequence corresponding to F3B43 at the beginning of the  created by silent mutation in the sequence corresponding to

CD39
MEDIKDSKVKRFCSKNILI I LGFSSVLAVIALIAVGL | THNKPLPENVKYG
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S494-V496. The first cytoplasmic and transmembrane A
domains of CD39 were amplified from pClneo-CD39HA

with T7EEV (Promega) as the' primer and a 3primer uuu
annealing to the same region of CD39 as thepBmer '
described above and including the same introditiedl site.
The second transmembrane and cytoplasmic domains of 1 2 3 4
CD39 were amplified with a’jprimer annealing to the same

region of CD39 as the '3primer described above and B
including the same introduce8ipe site, and T3 as the'3 0.30 1
primer. These three products were ligated together by the . 025-
Hpal and Spé sites, and the resulting fragment was inserted 8
into pClneo. S 020
L1ECH50G was constructed by amplifying the first CD39 h>
cytoplasmic and transmembrane domains and the CD39L1 5 015
extracellular domain as described above but with pGW1- s
CD39L1H50G instead of wild-type CD39L1 as template. £ 0101
These fragments were ligated via thidjpal sites and inserted 0.05
in place of the corresponding fragment of L1EC. '

Preparation of COS7 Cell Crude Membran€OS7 cells 000 F e 4 .
were transfected at 5070% confluency by the lipofectamine T3 5 7 9 11 13
method and harvested 72 h after transfection. Crude mem-FicurRe 2: Relative activities and sedimentation properties of

branes were prepared by the method described in ref 33 an&cgggﬂH%“Ode)nUtami; I(lA) Cr_?ds membrtanfsd (fOYdCD3f(9|—lI E?d
H ol or partially puritied concentrated meadium (soluble
resuspended in 501 of 50 mM Tris-HCI, pH 7.8, per 100 <naq,1 214 soluble CD39L1H50G) from COS? cells transfected

mm plate. with each construct were run on an SBB5% polyacrylamide
Purification of Soluble CD39L1 and Soluble CD39L1H50G  gel and immunoblotted with a polyclonal antibody that recognizes

Conditioned medium from three plates of transfected COS7 the extracellular domain of CD39L1. Samples were loaded such

cells was centrifuged for 10 min at 3000 rpm in a clinical that the ATPase activities corresponding to each lane are equal;
. - thus the total membrane protein loaded in each lane varied inversely

centrifuge and passed ava 1 mL anA Sepharose_ with the specific activity of the overexpressed protein. Relative

column. The column was then washed with 20 mL of a Tris- amounts of protein determined by densitometric analysis are 1, 10,

buffered saline (TBS) solution containing 1 mM each GaCl 5, and 5 for lanes 1, 2, 3, and 4, respectively. Lane 1, wild-type
MgCl,, and MnC}. The resin was incubated in 2 mL of CD39L1; lane 2, CD39L1H50G; lane 3, soluble CD39L1; lane 4,

elution buffer (1 M a-methyl p-mannoside in the same soluble CD39L1H50G. (B) Crude membranes from CD39®) (

. . or CD39L1H50G Q) transfected COS7 cells were solubilized in
§OIUt'9n) fa 1 h atroom temperature, and glycoproteins 0.2% digitonin and loaded on top of a20% sucrose gradient.
including soluble CD39L1 or soluble CD39L1H50G were  Fractions were collected from the top and analyzed for ATPase

eluted at room temperature. Protein was concentrated byactivity. Fraction 1 represents the top of the gradient, and activities
centrifugation in a Centricon-30 for 90 min at 5000 rpm and are expressed as fraction of total ATPase activity.
diluted 1:200 for nucleotidase assays.

Detergent SolubilizationCOS7 cell crude membranes membranes were solubilized in SDS buffer containing 100
were solubilized in 1% Triton X-100 or in 0.2% digitonin MM DTT and boiled for 5 min prior to loading. Samples
as described in ref 25. Solubilized protein was used im- Were run on an SDS7.5% polyacrylamide gel, transferred
mediately for nucleotidase assays or for sucrose densityt0 nitrocellulose membranes, blocked with 2% milk in TBS,
gradient sedimentation. and probed with primary antibody in 2% milk in TBS

Sucrose Density Gradient Sedimentati®Toteins were followed by goat anti-chicken or anti-rabbit horseradish
loaded onto a 4.5 mL 5%20% sucrose gradient containing Peroxidase secondary antibody and visualized by chemilu-
50 mM Tris-HCI, pH 7.8, and either 1% Triton X-100 or minescence. Specific activities were calculated as amount

0.2% digitonin and centrifuged in a SW50.1 rotor at 40 000 ©f phosphate released per unit of overexpressed protein.

rpm for 14 h at £#C. Fractions (30@L) were collected from Nucleotidase AssayATPase and ADPase activities were
the top of the gradient. Fraction 1 represents the least denséneasured at a range of calcium concentrations as described
fraction. in ref 25.

Immunoblot and Antibodie$olyclonal antibody against
the extracellular domain of human CD39L1was generated RESULTS
in chicken by Lampire Biological Laboratories (Pipersville, CD39L1
PA). Antigen was produced by inserting cDNA sequence
corresponding to residues T28$512 into the bacterial Quantitation of Relatie Actiity per Unit of Protein The
expression vector pTrcHisC, transformiggcherichia col relative amounts of overexpressed protein required for the
inducing expression with IPTG, extracting protein from same amount of ATPase activity were determined by
inclusion bodies, and purifying the His-tagged protein on a densitometric analysis of an immunoblot with an antibody
nickel column. Rabbit polyclonal antibody raised against a specific for the CD39L1 extracellular domain, as shown in
KLH-couped peptide corresponding to the extreme C- Figure 2. Expression levels of wild-type and mutant proteins
terminus of human CD39L1 was a gift from T. L. Kirley. were equal (data not shown), so that the total protein loaded
Rabbit polyclonal antibody generated against the extracellularin each lane varies inversely with the specific activity of the
domain of rat CD39 was as described in ref 31. COS7 cell wild-type or mutant construct. To control for possible
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membranes prepared from mock-transfected COS7 cells have
no detectable ATPase or ADPase activity when assayed
under the same conditions and at the same concentration as
used in the overexpressed constructs. Therefore, the biphasic
activity cannot be explained by endogenous ATPase or
i o ADPase activity.
of T §m oo Although the presence of the second activation component
that does not plateau under the conditions examined makes
it difficult to define Vinax the relative hydrolysis rates for
ATP and ADP can nevertheless be defined as approximately
10:1 for the respective first-component maxima as well as
at corresponding free calcium concentrations along the
second activation component. These results verify that the
distinction between CD39 and CD39L1 substrate specificities
is valid across the range of calcium concentrations. For
» 2 comparison between wild-type and mutant CD39L1 activi-
® ties, we have defined 100% &g for the first component
of wild-type ATPase activity

Solubilization of CD39L1 in 1% Triton X-10We then
asked how disruption of membrane interactions and inter-
subunit transmembrane domain associations affects CD39L1
activity. Figure 3B shows that, similar to CD325),
CD39L1 loses approximately 75% of its ATPase activity
as percent of maximal ATPase activity of the first activaton When solubilized in 1% Triton X-100, based on comparison
component, which has its peak ab&10~4 M free calcium. (B) of Vmax for the first component. In contrast, Triton X-100
gﬂn%makl)crg\?i?-bvegg?j ggr?rﬁhédwgs iic}lu;)rigle i(r(]:)l??h-errietgtr:a)é-ellla?ér solubilization has little effect on the first component of
domain ofyCD39L1 was fused to I%e CD4 signal sequence and AD_Pase activity, .“T‘"ke CD39, W.h.'Ch loses more than 90%
secreted from COS7 cells. The resulting soluble enzyme was Of its ADPase activity when solubilized. As a result, the ratio
partially purified from COS7 cell medium, and activity was Of ATPase to ADPase activities becomes 3:1. Furthermore,
determined as in panel A. the calcium profiles show that the second activation com-

ponents for both ATPase and ADPase activities of CD39L1
are reversed by detergent, so that in Triton X-100 each
exhibits one activation component followed by an inhibitory
component at higher free calcium concentrations.

These results have several implications. First, they dem-
onstrate that intact quaternary structure and membrane
associations are required for the full activities of both CD39
are reported as percent of wild-type CD39L1 ATPase and CD39L1. Second, they indicate that two key distinctions
activity, as described for CD32%). Relative amounts of  petween CD39 and CD39L1, the nature of the second
overexpressed protein shown in Figure 2 are 1, 10, 5, and Scomponent of the calcium titration curve and the relative
for CD39L1, CD39L1H50G, soluble CD39L1, and soluble hydrolysis rates of ATP and ADP, disappear when the native
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Ficure 3: ATPase and ADPase activities of membrane-bound and
soluble CD39L1. (A) Crude membranes were isolated from COS7
cells overexpressing wild-type CD39L1, and activity was deter-
mined at a series of free calcium concentrations with 2 mM ATP
(®) and with 2 mM ADP () as substrate. Activities are expressed

differences in antibody recognition due to the H50G muta-
tion, results for the two full-length proteins were verified
by use of a polyclonal antibody that recognizes the C-
terminal tail of CD39L1 (data not shown). The relative
activity for each mutant was calculated by taking the ratio
of the wild-type to the mutant band density. All activities

CD39L1H50G, respectively.

Nucleotidase Actity of CD39L1 Since CD39 activity has
been found to vary with free calcium concentration according
to a biphasic curve 34, 25), the ATPase and ADPase

membrane structures are disrupted. CD39 starts with a 1.4:1
ATPase:ADPase ratio and loses a greater percentage of
ADPase than ATPase activity to end up with a 3:1 ratio in
its solubilized form 25), while CD39L1 loses ATPase but

activities of CD39L1 were assayed at a series of free calcium little ADPase activity to arrive at the same 3:1 ratio in its
concentrations calculated as described in ref 25. Figure 3Asolubilized form. Thus, transmembrane interactions are
shows that both the ATPase and ADPase activities of required to manifest the different substrate specificities of
CD39L1 also exhibit a biphasic dependence on calcium, but CD39 apyrase and CD39L1 ATPase.

the second component for each is further activation rather Soluble CD39L1Since CD39L1 has a region of hydro-
than inhibition, with the juncture between the two compo- phobic residues in its extracellular domain, we constructed
nents occurring between 1band 103 M free calcium. The a secreted soluble form of the enzyme containing only the
molecular basis for this second activation component is extracellular domain to verify that the observed effects of
unknown; as is the case for the CD39 inhibitory component, Triton solubilization were not due to interactions of Triton

it is unclear from these data whether the increase in free X-100 with the extracellular domain. As shown in Figure
calcium, the increase in calciunmucleotide complex, the  3C, relative ATP:ADP hydrolysis rates were the same as
decrease in free nucleotide, or another factor such as calciumthose observed for Triton X-100-solubilized CD39L1, as
regulated interaction with another protein are responsible for were the presence of activation and inhibition components
the results. However, as discussed below, the secondof calcium dependence. Thus, in the absence of detergent
activation component exhibits one striking difference from and with their transmembrane domains and cytoplasmic tails
the inhibitory component of CD39: it reverses when removed, CD39 and CD39L1 have similar ATPase:ADPase
interactions with the membrane are interrupted. Crude ratios and calcium profiles.
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A . B . Table 1: Summary o¥/max and ATPase:ADPase Ratios for CD39L1
i}: and Derivative$

18] . ATP ADP ATP:ADP

3
1o : , 3 CD39L1 100 9.0:05 11
. * CD39L1 in 1% Triton 20£04 5.5+0.3 3.6
5 e e I soluble CD39L1 19:06 7.14+0.3 2.6
o @ 38 % =° g o °e CD39L1H50G 12609 1.3+£01 9.2
107 16% 1% 10% 10° 10° 107 16% 10% 10% 10° 107 CD39L1H50G in 1% Triton ~ 1815 6.9+0.2 2.6
soluble CD39L1H50G 2226 9.9+12 2.3

C « ® aATP and ADP values represeltnx for the first component of
20 . activation and are expressed as percent of wild-type CD39L1 ATPase
. activity.

o o mutation. These data suggest that although H50 is conserved
8 o0 o© ° throughout both the ectoapyrase and ecto-ATPase subfami-
— T lies, the mechanistic role of this residue is conserved with
107 107 107 10" 107 40 respect to ATPase activity but not with respect to ADPase
activity. It is required for ATP hydrolysis by both CD39 and
Ficure 4: ATPase and ADPase activities of membrane-bound and CD39L1 but is required for ADP hydrolysis only in CD39L1.
soluble CD39L1H50G. (A) Crude membranes were isolated from  Triton X-100-Solublized CD39L1H50G0 determine the
7 cells overexpressing CD39L1H n ivity wi r- : : :
r%%zd g?;s?er?eg g‘?rsese galc(::iu:)r? con(?gr%;ioigitlitr:yz rﬁi/ldlf\a:[reP relathljshlp between transmembrane QOmalns _and H50, we
(®) and with 2 mM ADP () as substrate. Activities are expressed SClubilized CD39L1H50G membranes in 1% Triton X-100.
as percent of maximal ATPase activity of the first activation As shown in Figure 4B, total ATPase and ADPase activities
component, which has its peak at610~* M free calcium. (B) were approximately equal to those of Triton-solubilized
yi?gragﬁc}bgléﬂsitCtaf’stﬂHefgrﬁirﬁ%s :ghijr?i”zaer?elinAlo/(oc;ri%?wg CD39L1, indicating that, as is the case in CD39, H50G
extracéllular domaiz of CD39L1H50G was fusch)i to the CD4 signal mutat_lgn has minimal or no effects dfiax activity in the
sequence and secreted from COS7 cells. The resulting solubleSOlubilized context. Thus, as for CD39, the role of H50G
enzyme was partially purified from COS7 cell medium, and activity depends on intact transmembrane associations; H50 appears
was determined as in panel A. to play a crucial part in both ATP and ADP hydrolysis
H50G Substitution in Full-Length CD39L1Given our mechanisms in membrane-bound oligomers but almost no

previous observation that H59, an ACR1 residue, plays role in either mechanism in solubilized monomers. As
dramatically different roles in the relative ATPase:ADPase Observed for solubilized CD39H59@%), H50G substitution
activities of CD39 depending on whether the two transmem- appears to shift the apparei, for free calcium slightly to
brane domains are intact or d|Srupta5)( we asked how the |Eft, reSUlting in Sllght variations in the effect on ATPase:
the transmembrane domains of CD39L1 regulate the role of ADPase ratio at low calcium concentrations.
the corresponding residue H50 in ACR1 of CD39L1. In Nevertheless, unlike solubilized CD39, in which H59G
particular, we wondered whether transmembrane domainssubstitution results in a 2-fold increase in ADPase:ATPase
might contribute to specificity by conferring a role on H50 ratio, H50G substitution has little effect on the ADPase:
that differs from that of H59 in native CD39. Since H59G ATPaseVnax ratio of solubilized CD39L1. This difference
substitution converts CD39 into an ADPase by diminishing suggests that the role of H50 in determining substrate
primarily ATPase activity, we expected that if the trans- Specificity may also be modulated by differences intrinsic
membrane domains of CD39L1 regulate the role of H50 in to the extracellular domain.
a similar manner, then introducing an H50G substitution into  To verify that H50G substitution did not stabilize inter-
native CD39L1 would likewise decrease both the total subunit interactions in the presence of Triton X-100, we
ATPase activity and the ATPase:ADPase activity ratio. performed sucrose density gradient sedimentation on Triton
Instead, we found that in the full-length membrane- X-100-solubilized CD39L1 and CD39L1H50G. Both en-
associated CD39L1, H50G substitution has no effect on the zymes sedimented in fractions consistent with the monomeric
ATPase:ADPase activity ratio. Figure 4A shows that CD39L1 form (data not shown).
with the H50G substitution looks almost identical to CD39L1  Soluble CD39L1H50GIN addition to verifying the mon-
in terms of substrate specificity and calcium-dependent two- omeric state of Triton X-100-solubilized CD39L1 and
component activation profile. In contrast, the specific activity CD39L1H50G, we constructed a secreted form of CD39L-
as determined by Western blot analysis of crude membranestH50G identical to soluble CD39L1 except for the point
appears to be diminished by approximately 90% for both mutation to exclude the possibility that the observed proper-
ATPase and ADPase activities. As shown in Figure 2B, ties of solubilized monomers, in particular the differences
sucrose density gradient sedimentation of membranes solubetween the ADPase:ATPase ratios of CD39L1H50G and
bilized in 0.2% digitonin, a detergent that has been shown CD39H59G, were due to interactions of the extracellular
to preserve the intersubunit associations of CD39 and domain with Triton X-100. Figure 4C shows that the
CD39L1 oligomers 1), indicated that CD39L1H50G forms  substrate specificity and kinetic properties of the secreted
oligomers of the same size as CD39L1. Although a small form were similar to those of Triton X-100-solubilized
portion of CD39L1H50G activity sediments at a slightly monomers, as well as to those of secreted soluble CD39L1.
lower density than CD39L1, neither the shift nor the amount Table 1 summarizes the results for native and soluble
of activity is sufficient to account for the effects of the CD39L1 with intact ACR1 and H50G substitution.




1952 Biochemistry, Vol. 41, No. 6, 2002 Grinthal and Guidotti

CD39 and CD39L1 Chimeras A
™1 1 23 4 5 TM2

Construction of Chimeric EnzymeJhese results, in -
conjunction with our previous report on the relationships 39EC | 49 |
among H59, transmembrane domains, and ATPase:ADPas¢
ratio in CD39 @5), suggest that transmembrane domains
confer different substrate specificities, roles of H59 or H50,
and ADP hydrolysis mechanisms on CD39 and CD39L1. T™I
The results thus raise the question of how their different —
transmembrane and cytoplasmic domains confer specificity; L1EC [
is the information contained in the transmembrane and
cytoplasmic domains themselves, or are these domains
required to manifest differences in extracellular sequence?
If the second, does each enzyme require its own transmem- g
brane and cytoplasmic domains, or is a different set of —
transmembrane domains sufficient to confer the high activity ‘Hu‘
and substrate specificity of the native state? u.

To investigate how transmembrane and cytoplasmic
domains contribute to the activity and specificity of CD39 1 2 3
and CD39L1, we constructed two chimeric enzymes in which
the extracellular domains of each protein were attached to
the transmembrane and cytoplasmic domains of the other.
As shown in Figure 5A, 39EC is composed of the extracel-
lular domain of CD39 and the transmembrane and cytoplas-
mic domains of CD39L1, while L1EC is composed of the 03 025 1
extracellular domain of CD39L1 and the transmembrane and
cytoplasmic domains of CD39. To investigate directly the
relations between transmembrane domains and H59 or H50,
we also constructed versions of 39EC and L1EC containing < g | ]
the H59G or H50G substitution, respectively. 0.05

39EC Actiity. In studying 39EC, we asked whether the 00,
transmembrane domains of CD39L1 are sufficient to confer
. . FGURES: Construction and activities of 39EC and L1EC chimeras.
the properties of CD39L1 on the (,3D39 extracellular domain, (A) 39EC contains the extracellular domain of CD39 (white) and
whether they can replace CD39's own transmembrane andthe transmembrane domains (TM1 and TM2) and cytoplasmic tails
cytoplasmic domains in conferring CD39 membrane-bound of CD39L1 (black). L1IEC contains the extracellular domain of
properties, or whether the CD39 extracellular domain retains CD39L1 (black) and the transmembrane domains (TM1 and TM2)

; ; ; ; ; ; P and cytoplasmic tails of CD39 (white). Hatched regions represent
its soluble properties as in other situations in which it lacks ACRI-5. (B) Crude membranes from COS?7 cells transfected with

its full-length membrane-bound structure. CD39 (lane 1), 39EC (lane 2), or 39ECH59G (lane 3) were run on
We found that CD39L1’s transmembrane and cytoplasmic an SDS-7.5% polyacrylamide gel and immunoblotted with a
domains confer nearly the same substrate specificity on thepolyclonal antibody that recognizes the extracellular domain of

- , CD39. Samples were loaded such that the ATPase activities
CD39 extracellular domain as do CD39's own transmem- ¢orresponding to each lane are the same: thus the total membrane

brane and cytoplasmic domains. Relative amounts of CD39, protein loaded in each lane varies inversely with the specific activity
39EC, and 39ECH50G protein required for equal ATPase of the overexpressed protein. Relative amounts of protein as
activities are 1, 2, and 8 as determined by densitometric gﬁberg“'”r‘zgF?é’cﬁsgﬁ;to%e)”grigyﬁi ;’Sr;héafr;grﬁ f‘(’:r('%”?escle’”g’
analysis of the immunoblot shown in Figure 5B. Wild-type ., cfected with CD39L1 (lane 1), L1EC (lane 2), or LLECH50G
and mutant proteins were expressed at equal levels (data NOfjane 3) were run on an SBS.5% polyacrylamide gel and
shown), so that the amount of total membrane protein loadedimmunoblotted with a polyclonal antibody that recognizes the
in each lane is in\/erse|y proportiona| to the Speciﬁc acti\/ity extrac_ellular domain of CD39L1. The ATPase a_CtIVItIES corre-
of the overexpressed construct. As shown in Figure 6, the :[5pto|nd|ng tg lanes 2 ";‘”.d 3; 2 ':ja'f that cr?rlrespond!ng to 'a”%.l? tlhe
. . . otal membrane protein loaded In eacn lane varies accoraingly.
relative ATP and ADP hydrolysis rates are approximately gelative amounts of protein as determined by densitometric analysis
1.6:1, closer to the 1.4:1 ratio observed for full-length CD39 are 1, 11, and 6 for lanes 1, 2, and 3, respectively. (D) Crude
than to the 10:1 ratio of CD39L1 or the 3:1 ratio of the CD39 membranes from CD39®) or 39EC () transfected COS7 cells
extracellular domain alone. 39EC also follows the calcium ‘é"uecrreogg'grb;g:rﬂ'grgczt%’n‘l'g\"gg"éoﬁgt‘é’;ﬁg?n(mé?gpogﬁfalyze d
dependence pi[FeLnfCharacltens“C of CD39, \_N'th an |r;]h|b|tr?ry for ATPase acti\)ity. Fraction 1 represents the top of the gradient,
component at high free calcium concentrations, rather thanang activities are expressed as fraction of total ATPase activity.
that of CD39L1 (data not shown). CD39L1’s transmembrane (E) Crude membranes from COS7 cells transfected with CD39L1
and cytoplasmic domains increase the ATPase activity of (®) or LIEC (O) were solubilized and analyzed by sucrose density
the CD39 extracellular domain relative to that of Triton 9radient ged'n;enttaﬂon 2 tdlezﬁfg)ed fort.pf?[‘”e' D. Activities are
o ;. expressed as fraction of tota ase activity.
X-100-solubilized CD39, although not as efficiently as
CD39'’s own corresponding domains; 39EC ATPase activity To determine whether 39EC formed oligomers as ef-

is only 52% of full-length CD39 membrane ATPase activity. fectively as CD39, we solubilized 39EC in 0.2% digitonin,
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100 - presence of two transmembrane domains, even if they come
] from a different enzyme, appears to be required for membrane-
associated enhancement of CD39 activity relative to its
80 1 soluble form.

H59G Substitution in 39ECWe next asked whether
CD39L1’s transmembrane domains regulate the role of the
CD39 ACRLI residue H59 in the same way as do CD39’'s
own transmembrane domains. We therefore constructed a
version of 39EC containing the same H59G substitution in
the extracellular domain as that contained in CD39H59G
discussed in ref 25. In contrast to 39EC, which has
approximately the same ATPase:ADPase activity ratio of
1.4:1 as native CD39, CD39H59G had an ADPase:ATPase
ratio of 6:1 while 39ECH59G has a ratio of only 2:1, as
shown in Figure 6. This result nevertheless qualitatively
resembles the effect of H59G substitution in CD39; ATPase
activity is diminished to 24% and ADPase activity to 82%
of 39EC activities, indicating that H59G substitution prima-
rily diminishes ATPase activity, as in CD39H59G, which
retains 7% of ATPase and 52% of ADPase activities relative
to wild-type CD39.

‘ . 39ECH59G Solubilized in Triton X-10Gimilar to the
effect of solubilization on CD39H59G, dissociation of
39EC CD39 39ECH59G to monomers by solubilization in 1% Triton
FIGURE 6. Summary ofVyq, data for 39EC and derivatives and  X-100 had no significant effect on ATPase activity and
comparison with CD39. 39EC, a chimeric enzyme composed of decreased ADPase activity to 30% of its membrane-bound
the extracellular domain of CD39 fused to the transmembrane andactivity, as shown in Figure 6. The resemblance of these
cytoplasmic domains of CD39L1, was expressed in COS7 cells. A changes to those of CD39H59G, as summarized in Figure

mutant form of 39EC containing an H59G substitution in ACR1 6 hat th b d | ic d .
of the CD39 extracellular domain (39ECH59G) was also expressed & SUJJESts that the transmembrane and cytoplasmic domains

in COS7 cells. Maximal ATPase (black bars) and ADPase (hatched Of CD39L1 regulate the role of H59 in a manner similar to
bars) activities of 39EC and 39ECH59G in membrane and solu- CD39’s own transmembrane and cytoplasmic domains.

bilized with 1% Triton X-100 are expressed as percent of wild- . .
type CD39 maximal ATPase activity. For comparison of activity, _ -/EC Actiity. While the above results demonstrate that

the role of H59, and detergent sensitivity of the CD39 extracellular CD39L1’s transmembrane and cytoplasmic domains can
domain in the presence of the CD39L1 transmembrane domainssubstitute for those of CD39 in conferring CD39 substrate

versus the native CD39 transmembrane domains, the correspondingpecificity and membrane-associated high activity, we sought

data for wild-type CD39 and CD39H59G in membrane and ; ; : ;

solubilized in 1% Triton X-100 (data from ré&f5) are shown. to determine whether CD39L.1 can !IkeWISe use forelgp
transmembrane and cytoplasmic domains to achieve its native

a detergent that has been shown not to disrupt intersubunitproperties. We therefore constructed the inverse chimeric
associations, and performed sucrose density gradient sedienzyme, called L1EC, composed of the extracellular domain
mentation. As shown in Figure 5D, 39EC sedimented at the of CD39L1 and the transmembrane and cytoplasmic domains
same density as CD39, indicating oligomer formation. of CD39, as shown in Figure 5A. As shown in Figure 5C,
Solubilized 39ECWe further investigated the contribution relative amounts of protein required for equal amounts of
of CD39L1’s transmembrane and cytoplasmic domains to ATPase activity are 1, 11, and 6 for CD39L1, L1EC, and
the total ATPase and ADPase activities of 39EC by compar- LLECH50G, respectively, as determined by densitometric
ing 39EC in membrane and solubilized in 1% Triton X-100. analysis. Equal amounts of wild-type and chimeric proteins
The results of these experiments support the above findingswere expressed, so that the total membrane protein loaded
based on immunoblot comparisons of CD39 and 39EC thatin each lane is inversely proportional to the specific activity
the CD39L1 transmembrane and cytoplasmic domains of the overexpressed protein. As shown in Figure 5E, sucrose
increase CD39 extracellular domain activity. Figure 6 shows density gradient sedimentation of LLEC solubilized in 0.2%
that Triton X-100 solubilization results in the loss of digitonin indicated that oligomer formation was less efficient
approximately 75% of ATPase activity and 88% of ADPase than that of CD39L1 and that a portion of the activity
activity, compared to the loss of 86% of ATPase activity remained at the top of the gradient. Unlike 39EC, L1EC
and 94% of ADPase activity that occurs when CD39 is activity in membranes was not only lower than that of native
solubilized. These results differ from other situations in which CD39L1 but also approximately 4-fold lower than that of
the CD39 extracellular domain is membrane-bound and Triton X-100-solubilized CD39L1 monomers. As shown in
oligomerized in nonnative ways, either by its amino-terminal Table 2, the substrate specificity, an approximately 2:1
transmembrane domain alone or by its carboxy-terminal ATPase:ADPase ratio, more closely resembled that of
transmembrane domain alone. Under the latter conditionsmonomeric CD39L1 than that of either native CD39L1 or
CD39 activity is insensitive to Triton X-100 solubilization, native CD39. Thus it appears that CD39'’s transmembrane
indicating that the observed oligomer formation and mem- and cytoplasmic domains are not sufficient to confer the
brane association do not enhance activty, 31). Thus the substrate specificity or the high activity of either native
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Table 2: Viux and ATPase:ADPase Ratios for CD39L1 and Ltec ~ CD39L1 have the same substrate specificities and that their
respective transmembrane domains confer the distinctive

ATP ADP ATP:ADP specificities of the native proteins.
CD39L1 . 100 9.0:0.5 11 Given the earlier finding that the transmembrane domains
CD39L1 in 1% Triton 20 0.4 55+ 0.3 3.6 f CD39 late it bstrat ificity b lating th
L1EC 47403 27106 18 0 regulate its substrate specificity by regulating the
L1EC in 1% Triton 20+ 1.2 6.8+ 0.8 2.9 role of H59 in ACR1 25), we sought to determine whether
L1ECH50G _ 7.9503 43+01 1.8 different regulation of this residue in CD39L1 might mediate
LIECHS0G in 1% Triton 19 0.7 7.2£0.2 2.6 the ability of transmembrane domains to confer different

@ L1EC, a chimeric enzyme composed of the extracellular domain specificities. We found that, as in CD39, the role of the
of CD39L1 attached to the transmembrane and cytoplasmic domainsequiva|ent ACR1 residue H50 in CD39L1 is regulated by

of CD39, was assayed in crude membranes as well as after solubilization: ; : At
with 1% Triton X-100. A mutant form of L1EC containing an H50G its ransmembrane domains but that the implications for

substitution in ACR1 of the CD39L1 extracellular domain (L1IECH50G) Substrate specificity differ from those in CD39. As in CD39,
was analyzed in the same manner. ATP and ADP values repidsgnt ~ H50 is required for ATP hydrolysis in native membrane-
for the first component of activation and are expressed as percent ofbound CD39L1, as indicated by the approximately 90% loss
wild-type CD39L1 ATPase activity. of activity with H50G substitution, but is not required for
ATPase activity in solubilized monomers or in the secreted
CD39L1 or native CD39 on the CD39L1 extracellular extracellular domain. These results suggest that, with respect
domain. to ATPase mechanisms, the transmembrane domains of
L1EC Solubilized in Triton X-100 0 confirm that CD39's  CD39 and CD39L1 regulate the role of H59 or H50 in similar

transmembrane and cytoplasmic domains did not enhanceVays in the two enzymes. However, the effect of transmem-
CD39L1 extracellular domain activity, we compared L1EC brane domains on the role of H50 in the ADPase activity of
activity in membranes and solubilized in 1% Triton X-100. CD39L1 differs significantly from that of H59 in the ADPase
Table 2 shows that, in contrast to the other membrane-bound@ctivity of CD39. While H50/59 is not required for ADP
enzymes discussed, LIEC ATPase and ADPase activitieshydrolysis in the monomeric forms of either enzyme, it is
increased approximately 4-fold upon Triton X-100 solubi- réquired for ADP hydrolysis by native CD39L1 but not by
lization. Solubilization thus brought L1EC activity up to the Native CD39. In fact, H50 seems to be involved equally in
level of Triton X-100-solubilized CD39L1. In conjunction Poth the ATPase and ADPase activities of CD39L1, so that
with the specific activity determination, these results suggest H90G substitution does not change the substrate specificity.
that CD39L1 requires its own transmembrane and cytoplas- 1ransmembrane domains may therefore confer different
mic domains to exhibit its native membrane-associated SPecificities by conferring different ADP hydrolysis mech-
substrate specificity and high activity and that substituting @nisms on CD39 and CD39L1. We previously proposed that,
the corresponding domains of CD39 not only fails to replace in native CD39, ATP and ADP hydrolysis occur by different
those of CD39L1 as well as to confer CD39 properties but mechanisms distinguished by different substrate interactions

also reduces the activity to below the intrinsic activity of With ACR1 (25), but no such difference is found for native
the extracellular domain. CD39L1 on the basis of studies of the role of H50. A

LLECH50G As might be expected on the basis of difference in the relation between the ATP and ADP

monomeric CD39L1 and monomeric CD39L1H50G, L1- hydrolysis mechanisms ir) native ¢D39 and CD.39L1 may
ECH50G exhibited similar substrate specificity and total also be supported by §tudles by Heine et:iaI).(Thelrwork
ATPase and ADPase activities to L1EC, as shown in Table shows that when ATP.'S hydrolyzed to completion by c_D39,
2. Triton solubilization increased L1IECH50G activity to that no ADP accumulates in the process; only a decreage in ATP
of Triton X-100-solubilized CD39L1H50G. These data are and a subsequent appearance of AMP oceur, despl_te the fact
consistent with the observation for L1EC that CD39's that only one phosphate is hydrolyzed at a time as indicated
transmembrane and cytoplasmic domains fail to confer native by the absence of pyrophosphate. In contrast, when CD39L1

; ; hydrolyzes ATP to completion, ADP accumulates and is
properties of either CD39L1 or CD39 and thus to regulate subsequently hydrolyzed to AMP. These data suggest that

:he- rple of -HSOG n the membrane-bound manner charac- in CD39 the ATPase and ADPase mechanisms are such that
eristic of either native enzyme. . X : . o
both can occur in succession without dissociation of substrate
DISCUSSION from the enzyme, while in CD39L1 the two mechanisms
are such that substrate dissociation and rebinding to the
These studies demonstrate that the substrate specificity anénzyme are necessary. The finding by Chen and Guidotti
total activity of CD39L1 ecto-ATPase are regulated by its (35) that the soluble extracellular domain of CD39 exhibits
transmembrane domains and cytoplasmic tails. Like its intermediate release and rebinding of ADP suggests that
counterpart, CD39 ectoapyrase, CD39L1 forms oligomers transmembrane context may play a role in regulating this
via intersubunit transmembrane domain interactions, and distinction.
oligomer dissociation or removal of the transmembrane While H50G substitution experiments emphasize regula-
domains reduces total activity and changes its substratetion of the ADP hydrolysis mechanism as a way for
specificity from the 10:1 ATPase:ADPase activity ratio transmembrane domains to confer specificity, the calcium
characteristic of an ATPase to 3:1, closer to that of an profiles of native and soluble CD39L1 suggest additional
apyrase. As discussed in ref 25, CD39 also undergoes atransmembrane-mediated differences between CD39 and
change in substrate specificity to arrive at the same 3:1 CD39L1. In particular, the calcium dependence profiles for
ATPase:ADPase ratio upon dissociation to monomers. Thesenative CD39L1 ATPase and ADPase activities have two
data suggest that the extracellular domains of CD39 andactivation components, in contrast to the activation followed
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by inhibition components observed for CD39 ATPase and additional proteins or for other membrane components is
ADPase activities. While the molecular basis for the kinetic unknown, but they are consistent with the possibility that
profile remains to be determined and could represent CD39L1 and CD39 may depend on their transmembrane
responses to the increase in free calcium, to the increase idomains in different ways. CD39L1 also has a larger
calcium—nucleotide complex, or to the decrease in free extracellular hydrophobic region than does CD3){
nucleotide by either the enzyme itself or by an associated although this region is not predicted to cross the membrane,
protein, the opposite responses to high calcium concentrationit might govern enzyme-specific membrane interactions in
suggest mechanistic differences not identified by H59G and conjunction with the transmembrane domains. In combination
H50G substitution. How such differences might relate to with our data, two chimeras reported by Heine et2®)(in
substrate specificity is unclear, although the native CD39L1 which replacement of the amino-terminal transmembrane
calcium profile is regulated by transmembrane context in domain of CD39L1 with that of CD39 abolished activity and
parallel with substrate specificity. replacement of the carboxy-terminal transmembrane domain
On the basis of this evidence that the transmembrane andwith that of CD39 had only a minor effect on activity, imply
cytoplasmic domains of CD39L1 ecto-ATPase and CD39 that the amino terminus but not the carboxy terminus may
ectoapyrase confer the characteristic native substrate specibe specifically required.
ficities on their respective extracellular domains, we asked The structural basis for the requirement of CD39 for two
whether membrane-associated specificity is a function of transmembrane domains is unknown. These experiments rule
information contained in the transmembrane domains them-out a specific relation between hydrolysis mechanisms and
selves. We found that the transmembrane and cytoplasmicspecific features of the CD39 transmembrane or cytoplasmic
domains of CD39L1 do not turn the CD39 extracellular domains, as well as the idea that the different transmembrane
domain into an ATPase; rather, they confer native CD39 domains of the ecto-ATPase and the ectoapyrase might
properties and regulate the mechanistic role of the ACR1 mediate different arrangements of subunits leading to dif-
residue H59 in the manner characteristic of the native ferent specificities, as is the case for two-transmembrane-
transmembrane structure of CD39. In contrast, the trans-domain potassium channel37( 38). One model that might
membrane and cytoplasmic domains of CD39 confer neither explain the nonspecific contribution of two transmembrane
CD39 nor CD39L1 properties on the CD39L1 extracellular domains to substrate specificity, at least in the case of the
domain. ectoapyrases, is suggested by the finding that residues near
The results for the first case are in contrast to previous each transmembrane domain play significant roles in speci-
alterations of CD39 transmembrane structure that preservedicity determination. Smith et al2@) showed that mutation
oligomer formation 81), namely, removal of the amino- or  of a conserved Trp in ACR5, and to a greater extent double
carboxy-terminal transmembrane domains. In both of thesemutation of this residue and a conserved Asp in ACR4,
cases CD39 exhibited monomerlike specificity, total activity, turned an apyrase into an ATPase. In conjunction with our
and mechanistic role of the ACR1 residue H2%)( Thus finding that mutation of H59 in ACR1 turned CD39 apyrase
the ability of the CD39L1 transmembrane domains to confer into an ADPase, these results suggest that specificity may
native properties on CD39 is unlikely to be based solely on be determined by a combination of residues in ACR 1 and
their capacity to anchor the extracellular domain in the 4, near the amino-terminal transmembrane domain, and in
membrane or even to direct oligomer formation. Rather, in ACR5, near the carboxy-terminal transmembrane domain.
conjunction with the results of Wang et aB1) and of A report that one antibody to CD39 recognizes a split epitope,
Grinthal and Guidotti25) supporting a requirement for both  including regions that appear to coincide with ACR3 and
CD39 transmembrane domains, these results suggest that twACR5 (39), suggests that these regions are near each other
transmembrane domains are indeed required for nativein the native enzyme. Thus, two transmembrane domains
properties but that they do not have to come from CD39. may be necessary to position their adjacent extracellular
Thus, for CD39, the information that determines substrate regions in the correct orientation for concerted action. Such
specificity and role of H59 appears to be in the extracellular a function could conceivably be performed by foreign
domain and to have a nonspecific requirement for two transmembrane domains if the main requirement is either
transmembrane domains for manifestation. double rooting in the membrane or association between
On the other hand, CD39L1 appears to have a more amino- and carboxy-terminal transmembrane domains. Since
specific requirement for its own transmembrane and cyto- the ACR residues in both halves are conserved between
plasmic domains, despite the fact that these domainsATPases and apyrases, extracellular residues outside the
themselves do not appear to encode ecto-ATPase specificityACRs must also be involved directly or indirectly in these
as discussed above. The possibility has not been ruled outinteractions and, at least in the case of CD39, are likely to
that a slight shift in the residues chosen as the boundariescarry the information for specificity determination. Consistent
between transmembrane and extracellular domains mightwith this idea, Heine et al.3g) recently demonstrated that
significantly change the properties. Nevertheless, the apparenthe region between ACR4 and ACRS5 is important to the
difference between the transmembrane requirements of CD34listinction between the substrate specificities of CD39 and
and CD39L1 parallels previous observations with efforts to CD39L1.
reconstitute Triton X-100-solubilized monomers in digitonin. Regardless of the specific features of the extracellular
While both enzymes could be induced to form oligomers in domain required for native properties, the present evidence
digitonin, CD39 more effectively regained native properties for a nonspecific requirement for two transmembrane
while CD39L1 continued to resemble the monomeric form domains supports the idea that the extracellular domain itself
in substrate specificity and kinetic profile (data not shown). does not inherently assume the native conformation; rooting
Whether these results reflect different requirements for both ends in the membrane appears to alter the energetics
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from what might putatively be considered a relaxed state to 13.

a taut state. Our results suggest that the latter is a prerequisite
for the distinction between the apyrase and ATPase proper-

ties.

14.

In summary, these studies indicate that, although the ;5

transmembrane domains confer the different substrate speci-

ficities of CD39 and CD39L1, the transmembrane domains 16.
do not independently carry sufficient information to specify

one

type of enzyme or the other. Rather, the information

determining the apyrase properties of CD39 is intrinsic to

the extracellular domain but requires two transmembrane

17.

18

domains for manifestation, as suggested by the finding that
the transmembrane and cytoplasmic domains of CD39L1 can 1g
substitute for those of CD39. In contrast, although the

transmembrane and cytoplasmic domains of CD39L1 confer

no ATPase properties on CD39, they contribute in a specific 20.
manner to the ATPase specificity of CD39L1, as indicated
by the inability of the transmembrane and cytoplasmic

domains of CD39 to replace them. We suggest that double
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