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Summary

Unusually among ATP-Binding Cassette (ABC) proteins, the sulphonylurea receptor (SUR) acts as
a channel regulator. ATP-sensitive potassium (Katp) channels are octameric complexes made up
from 4 pore-forming Kir6.2 subunits and 4 regulatory SUR subunits. Two different genes encode
SUR1 (ABCC8) and SUR2 (ABCC9), with the latter being differentially spliced to give SUR2A
and SUR2B which differ only in their C-terminal 42 amino acids. Kap channels containing these
different SUR2 isoforms are differentially modulated by MgATP, with Kir6.2/SUR2B being
activated more than Kir6.2/SUR2A. We show here that purified SUR2B has a lower ATPase
activity and 10-fold lower K, for MgATP than SUR2A. Similarly, the isolated nucleotide-binding
domain 2 (NBD2) of SUR2B was less active than that of SUR2A. We further found that the NBDs
of SUR2B (but not SUR2A) interact and that the activity of full-length SUR cannot be predicted
from that of either the isolated NBDs or NBD mixtures. Notably, deletion of the last 42 amino
acids from SUR2-NBD2 resulted in ATPase activity resembling SUR2-NBD2A rather than SUR2-
NBD2B: this might indicate that these amino acids are responsible for the lower ATPase activity
of SUR2B and isolated SUR2-NBD2B. We suggest that the lower ATPase activity of SUR2B may
result in an enhanced duration of the MgADP-bound state that leads to channel activation.
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Introduction

ATP-sensitive potassium (Karp) channels link the metabolic state of the cell to its electrical
excitability [1]. They are involved in the response to cardiac stress, ischemic
preconditioning, vascular smooth muscle tone, skeletal muscle glucose uptake, neuronal
excitability and transmitter release, and insulin secretion from pancreatic beta-cells [2].

The pore of the Karp channel consists of four Kir6.2 subunits, each of which is associated
with a regulatory sulphonylurea receptor (SUR) subunit. The latter comes in several
flavours, being SURL1 in beta-cells and neurones, SUR2A in cardiac and skeletal muscle, and
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SUR2B in smooth muscle and some neurones [1]. SUR2A and SUR2B are splice variants of
a single gene and differ only in their final exon, which alters the C-terminal 42 amino acids.

ATP blocks Katp channel activity by binding to Kir6.2, whereas the SUR subunit endows
the channel with sensitivity to inhibition by sulphonylurea drugs and to the stimulatory
actions of MgADP and the Kap channel openers [1,3]. SUR has multiple transmembrane
domains (TMDs) and two intracellular nucleotide-binding domains (NBDs). It is thought
that like other ABC proteins [4], the NBDs of SUR associate in a head-to-tail conformation
to form two dimeric nucleotide-binding sites (Site 1 and Site 2) that comprise the Walker A
and Walker B motifs of one NBD and the linker domain of the other.

In the absence of Mg2*, there is little difference in ATP block of Kir6.2/SUR2A and Kir6.2/
SUR2B channels [5], indicating SUR2A and SUR2B do not differentially influence ATP
binding to Kir6.2. In the presence of Mg2*, however, ATP inhibits Kir6.2/SUR2B less than
Kir6.2/SUR2A. This suggests MgATP has a greater stimulatory action on Kir6.2/SUR2B
than Kir6.2/SUR2A, leading to an apparent reduction in ATP inhibition. In support of this
idea, when an ATP-insensitive Kir6.2 mutation was used to remove the effects of ATP on
Kir6.2, MgATP activated Karp channels containing SUR2B subunits but blocked those
comprised of SUR2A [6].

The current consensus is that channel opening is enhanced by MgADP occupation of Site 2
and that activation by MgATP requires its hydrolysis to MgADP. At least in the case of
SUR?2, the prehydrolytic state does not promote channel opening [7]. Because MgADP
activates Kir6.2/SUR2B and Kir6.2/SUR2A to similar extents [5] it appears that they bind
MgADP with similar affinity and transduce this binding into channel opening with similar
efficacy. This has led to the proposal that ability of MgATP to stimulate the activity of
Kir6.2/SUR2B channels more than Kir6.2.SUR2A channels is due to greater ATP hydrolysis
by SUR2B than SUR2A [6]. In this paper we test this hypothesis explicitly, by measuring
the ATPase activity of full-length SUR2A and SUR2B, and that of their isolated NBDs.

Fig 1 shows SDS-PAGE analysis of purified MBP-SUR2-NBD fusion proteins (Fig 1A) and
full length SUR2A and SUR2B (Fig1B and 1C). MALDI-TOF analysis confirmed their
identities. For simplicity, we refer to MBP fusion proteins subsequently as NBD1, NBD2A
(SUR2A-NBD2) and NBD2B (SUR2B-NBD2).

ATP hydrolysis by NBDs

NBD1 and NBD2A displayed higher ATPase activity than NBD2B (Fig 2A, Table 1), with
NBD1 having the highest rate. K, values were similar for NBD1 (647uM), NBD2B
(792uM) and NBD2A (529 uM). The different activities of NBD2A and NBD2B could
result from an inhibitory effect of the C-terminal 42 amino acids of NBD2B or a stimulatory
effect of equivalent residues of NBD2A. To determine which of these hypotheses is correct,
we generated a truncated NBD2 construct, NBD2-AC, which lacked the last 42 amino acids.
Fig 2A and Table 1 show that the ATPase activity of NBD2-AC was greater than that of

FEBS J. Author manuscript; available in PMC 2018 April 09.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

de Wet et al.

Page 3

SUR2B but similar to that of NBD2A, favouring the idea that the last 42 residues of NBD2B
reduce its catalytic activity. The K, value was the lowest of all the isolated NBDs (336 uM).

We next examined ATP hydrolysis in a 1:1 mixture of NBD1 and either NBD2A or NBD2B
(Fig 2B). The estimated maximal turnover rate was similar in both cases. For the
NBD1+NBD2A mixture, keg Was intermediate between that of the individual NBDs and the
Km was not significantly different from either NBD alone (Fig 2B, Table 1). This differs
from previous observations on SUR2A [8], but is in agreement with studies of SUR1 [9] and
MRP1 [10] where mixing the NBDs did not have a major impact on their catalytic activity.

In contrast, the maximal turnover rate of the NBD1+NBD2B mixture was very different
from the average of the activities of NBD1 and NBD2B (Fig 2B, Table 1), suggesting these
NBDs interact. However, the K, remained unchanged, at around 1mM ATP.

ATP hydrolysis by SUR2A and SUR2B

We next examined the ATPase activity of the full-length proteins. Recombinant SUR2A and
SUR2B hydrolyzed MgATP slowly, with maximal turnover rates of 6.1x103 s'1 and
2.3x10-3 571, and K, of 373uM and 38uM, respectively (Fig 3, Table 1). No ATPase activity
was detected in the absence of Mg?* (Fig 3A). SUR2A and SUR2B were approximately 4-
fold and 10-fold, respectively, less active than previously reported for SUR1 (Kcgt 26.3x1073
s'1, [9]), and also less active than a mixture of the respective NBDs. However, they were
only 3-fold less active than their respective NBD2. The difference in ATPase activity
between full-length SUR2A and SUR2B and their isolated NBDs is not a consequence of
the small amount of detergent (0.2% dodecylmaltoside) and lipid (0.05% 1,2-dimyristoyl-sr-
glycero-phosphocholine) associated with the full-length proteins, as this was without effect
on the activity of either isolated SUR2A or SUR2A-AC (data not shown).

SUR2B showed a ten-fold lower K, than SUR2A, suggesting binds ATP more tightly than
SUR2A. The Ky, of all four isolated NBDs was significantly larger than that of SUR2B.

Inhibition of ATP hydrolysis by MgADP and Beryllium Fluoride

MgADRP inhibited ATP hydrolysis by NBD1, NBD2A and NBD2B with K; of 305-443uM
(Fig 4A, Table 2). Inhibition was unchanged by mixing NBD1 and NBD2 (Fig 4B, Table 2).
In contrast to the isolated NBDs, the ATPase activities of full-length SUR2A and SUR2B
were unaffected by 3 mM MgADP (Figure 4C).

Beryllium fluoride a potent inhibitor of ATP hydrolysis by many ABC proteins that acts by
arresting the ATPase cycle in the prehydrolytic conformation, inhibited the ATPase activity
of NBD1, NBD2A and NBD2B with K; of ~25uM (Fig 5A, Table 2). Mixing NBD1 with
either NBD2A or NBD2B did not alter the K; (Fig 5B, Table 2).

Discussion

ATP hydrolysis by the NBDs

Previous studies of ATP hydrolysis by the NBDs of SUR2A have yielded K, of 220uM for
NBD1 [11] and ranged from 370uM [11] to 4.4mM [12] for NBD2A. The values we
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obtained for the isolated NBDs lie within this range (0.8mM for NBD1, 0.529 mM for
NBD2A).

The rate of ATP hydrolysis of NBD1 was greater than that reported before, the Vnax being
31nmol Pi/min/mg protein compared to earlier values of 6-9nmol Pi/min/mg protein
[8,11,12]. These differences may be due to the residues used for the various constructs:
G635-G889 in this study compared to S684-S884 [11,12] and D666-E890 [8] in previous
work. Alternatively, it might result from the different techniques which were used to
estimate protein concentration, or differences in the assay conditions. Likewise, the
hydrolytic activity of our NBD2A (Vmax 21nmol Pi/min/mg protein) was also greater than
previously reported (10nmol Pi/min/mg protein [Beinengraber, Nature Gen].

Mixing NBD1 and NBD2 of SUR2A did not alter ATPase activity, as found for SUR1 [9]
and MRP1 [10], but in contrast to a previous study of the NBDs of SUR2A [8]. This may
also reflect construct differences: our NBD1 is 31 amino acids longer at the N terminus, and
our NBD2 is 26 amino acids shorter at the N terminus, than those of Parks et al (2008) [8].

To our knowledge, this is the first time the activity of NBD2B or full-length SUR2B have
been reported. Consistent with the fact that full-length SUR2B has a lower turnover rate than
SUR2A, NBD2B displayed the slowest hydrolytic rate of the isolated NBDs (kcat 6 s
x1073, >3-fold lower than either NBD1, NBD2A or NBD2-AC).

The ATPase activity of NBD2-AC, which lacks the C-terminal 42 residues (i.e. K1333-
V1502) was 30nmol Pi/min/mg protein, within the range (11 [11], 18 [12] or 78 [13] nmol
Pi/min/mg protein) of that previously reported for a similar construct (G1306-T1498).
Importantly, the kcat was greater than that of NBD2B but similar to that of NBD2A. This
suggests that the final 42 residues of SUR2B may reduce its hydrolytic activity and that the
catalytic activity of SUR2A is not measurably affected by its final 42 amino acids.

Unlike SUR2A, mixing NBD1 and NBD2 of SUR2B enhanced ATPase activity (above the
average of the individual NBDs), indicating the NBDs must interact and emphasizing the
functional importance of the last 42 amino acids of SUR2. One possibility is that interaction
of the heterodimer produces a conformational change that physically ablates the inhibitory
effect of the last 42 amino acids of SUR2B on ATPase activity. Presumably this
conformational change is prevented by the presence of the transmembrane domains, as the
activity of full-length SUR2B is 4-fold less than that of SUR2A. There is an increasing body
of evidence that suggests that isolated NBDs, which are presumably free from the
conformational constraints imposed by their TMDs, behave very differently from their full-
length cousins and our data supports this idea further [14,15].

ATP hydrolysis by full-length SUR2A and SUR2B

The ATPase activities of purified SUR2A (Vmax 3nmol Pi/min/mg protein) and SUR2B
(0.8nmol Pi/min/mg protein) are significantly less than that of SUR1 (9nmol Pi/min/mg
protein) [9]. They are also less than that of CFTR (60nmol Pi/min/mg protein, [16] and
MRP1 (from 5-470nmol Pi/min/mg [17,18], two other members of the ABCC subfamily.
However, the ATPase activity is not dissimilar from that found for ABCR (1.3nmol
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Pi/min/mg protein; [19]. The lower ATPase activity of the various SUR may be related to
their role as channel regulators, rather than transporters. It is also possible that ATP
hydrolysis is enhanced when SUR2A and SUR2B are coexpressed with Kir6.2, as found for
SUR1 [9,20].

Like SUR1 [9], the K, for ATP hydrolysis by SUR2A and SUR2B were lower than those
measured for the isolated NBDs. This suggests the transmembrane domains induce
conformational changes in the NBDs, or in their association, that influence nucleotide
handling.

The K, for MgATP was substantially lower for SUR2B (38uM) than that of SUR2A
(400uM) or SUR1 (100uM, [9]), suggesting SUR2B binds MgATP more tightly. This is
harmonious with a previous report that the K; for ATP inhibition of 8-azido-[a32PJATP
binding to NBD1 and NBD2 of native SUR2B were less than those for the NBDs of SUR2A
[21]. SUR2A and SUR2B differ only in their last 42 amino acids, which do not form part of
the catalytic site. Thus these residues may interact with the NBDs to modulate binding
affinity. This interaction appears to require the transmembrane domains of SUR2 as the K,
of NBD2 and the NBD1-NBD2B mixture are much greater than that of full-length SUR2B.

Effects of Inhibitors

MgADP inhibited ATP hydrolysis by the isolated NBDs, albeit with low affinity (K; of 0.3
to 0.4mM), as reported for NBD2 of SUR2A [13]. In contrast, MgADP did not block ATP
hydrolysis by full-length SUR2A or SUR2B: similar results were found for SUR1 [9]. A
possible explanation is that the ADP affinity of the full-length proteins is much lower than
that of the isolated NBDs. However, the lack of MgADP inhibition must somehow be
ameliorated in the Kap channel complex, because MgADP is able to stimulate channel
activity and reverse channel inhibition by ATP via interaction with the NBDs of SUR2 [12].
Furthermore, MgADP is able to displace azido-[a32P]ATP binding to NBD1 and NBD2 of
full-length SUR2B and SUR2B [21]: the K| for MgADP they measured for NBD2B (70 uM)
was lower than that we found for the isolated NBD mixture (350 pM), but that for NBD2A
was not significantly different.

Implications for channel gating

Unlike other ABC proteins, SUR2 serves as a channel regulator, and ATP hydrolysis by
SUR2 plays a key role in the metabolic regulation of the Karp channel. Current evidence
suggests the presence of MgADP at NBD2 results in Karp channel opening, and that
MgATP must be hydrolysed to MgADP in order for channel activation to occur [7].
Consistent with the fact that the K; for MgADP inhibition of ATPase activity is similar for
NBD2A and NBD2B, Kir6.2/SUR2A and Kir6.2/SUR2B are activated by MgADP to about
the same extent [5].

The ICsq for MgATP inhibition of Kir6.2/SUR2A currents is less than for Kir6.2/SUR2B
[22]. In contrast, ATP blocks via both channels to a similar extent in the absence of Mg2*.
This suggests that MgATP activation of Kir6.2/SUR2A is less than that of Kir6.2/SUR2B
[22]. In support of this idea, if Karp channels are pre-blocked with AMP-PCP, then GTP (at
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concentrations which do not interact with Kir6.2) activates SUR2B-containing channels but
blocks Kir6.2-SUR2A channels [5].

It has been proposed that the reduced ability of MgATP to stimulate Kir6.2/SUR2A channels
is because SUR2A is less efficient at hydrolysing MgATP than SUR2B [6]. In direct
opposition to this idea, we found that SUR2B hydrolyses ATP much /ess vigorously that
SUR2A. We cannot exclude the possibility that the opposite is true when Kir6.2 is present.
However, an alternative explanation is afforded by previous studies showing that mutations
at site 2 that reduce the ATPase activity of SURL can lead to enhanced activation of Kir6.2/
SURL1 channels by MgATP [23].

We speculate that the lower rate of ATP hydrolysis of SUR2B is associated with a prolonged
occupancy of Site 2 of SUR2B by MgADP. This would lead to enhanced activation of
Kir6.2/SUR2B channels and a reduced turnover rate. Consistent with the idea that SUR2B-
NBD2 remains in the MgADP-bound, activated state for longer, MgATP first blocks Kir6.2/
SUR2B channels and then current slowly increases, as if channels slowly accumulate in the
MgADP-bound activated state [5]. MgATP was also more effective at slowing the off-rate of
Karp channel openers on Kir6.2/SUR2B than Kir6.2/SUR2A, which might also reflect a
longer occupancy of Site 2 by MgADP [5].

We therefore conclude that the lower ATP hydrolysis rate of SUR2B is associated with
longer occupancy of the MgADP-bound activated state and thus increased channel
activation.

Protein expression and purification

A FLAG tag was inserted into rat SUR2 between residues A1026 and D1027. Full-length
SUR2A and SUR2B were expressed in insect cells (§f9) using a baculovirus expression
system (Invitrogen) and purified essentially as described for SUR1 (de Wet et al, 2007).
Briefly, protein expression was verified by [3H]glibenclamide binding to infected Sf9 cells
48 hours after infection. Cells were lysed under high pressure and membranes purified by a
sucrose gradient (10%/46%w/v) centrifugation step. Membranes were then solubilized in
150 mM NaCl, 50 mM Tris/HCI (pH 8.8), supplemented with 0.5% w/v dodecylmaltoside
(DDM) for 20 min at room temperature. Solubilized membranes were bound to anti-FLAG
M2 affinity gel, washed and eluted with 100 uM 3-FLAG peptide at 4°C (Sigma, Poole,
UK). The wash buffer was 150 mM NaCl, 50 mM Tris/HCI (pH 8.8), supplemented with
0.2% w/v DDM and 0.05% w/v 1,2-dimyristoyl-sm-glycero-phosphocholine (DMPC). The
elution buffer was the same as the wash buffer plus 100 uM 3-FLAG peptide. Purified
protein averaged 50ug/l. Protein identity and purity was confirmed by MALDI-TOF mass
spectrometry. All assays were performed on freshly prepared protein.

Rat SUR2 NBDs were cloned into the pMAL-c2X vector (New England Biolabs) to yield
maltose-binding protein (MBP) fusion constructs. The sequences used were GIn635-Glu889
for NBD1, Lys1333-Lys1545 for NBD2 of SUR2A (NBD2A), Lys1333-Met1545 for NBD2
of SUR2B (NBD2B) and Lys1333-Val1502 for NBD2-AC. Plasmids were transformed into
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BL21-CodonPlus E.coli cells (Stratagene). Protein expression and purification were carried
out as described previously for SUR1-NBDs (de Wet et al, 2007), but without a gel filtration
step. Briefly, BL21-CodonPlus E.coli cells expressing MBP-fused NBDs were lysed under
pressure in 150 mM NacCl, 50 mM Tris/HCI (pH 7.5) and 10% glycerol. Insoluble protein
and debris were removed by centrifugation at 48 400 g for 30 min. The supernatant was
mixed with amylose resin for 1 hour at 4°C (New England Biolabs), washed and eluted in
the presence of 10 mM maltose. Wash and elution buffers contained 150 mM NaCl, 50 mM
Tris/HCI (pH 7.5), plus20% glycerol to promote protein stability but no detergents or lipids.
Protein identity and purity was confirmed by MALDI-TOF analysis. Yields were typically
~3mg/1 for all NBDs and comprised >95% of total purified protein.

Proteins were separated on 4%-12% gradient Bis-Tris gels and visualized by Coomassie
staining (Invitrogen).

Nucleotide hydrolysis

ATPase activities were measured as described for SUR1 and SUR1-NBDs (de Wet et al,
2007). The ATPase activity of SUR2B was measured using a protein concentration of
>1mg/ml to ensure a robust signal above background; that of SUR2A was measured at
0.2-0.5 mg/ml.

Selwyns’ control test showed Pi release for MBP-NBDs was linear over the time course of
the assay and that the relationship between protein concentration and activity was linear
(Suppl Info, Fig 1). The protein concentration was 1uM for BeF (BeF5™ and BeF42")
inhibition and 3-10uM for MgADP inhibition.

In some experiments, equal amounts of MBP-NBD1 and MBP-NBD2 (ug:pg) were mixed
and allowed to interact on ice for 45-min prior to the hydrolysis assay.

To control for contaminating Pi in commercial ATP preparations, we included negative
controls for each experimental condition, in which the protein was denatured by 5% SDS
(final concentration) prior to the hydrolysis assay. Absorbance from denatured controls was
subtracted from the equivalent experimental values. The maximal concentration of MgNTP
that could be used without gross interference from contaminating Pi was 3mM. We used the
Na salt of ATP and the K salt of MgADP. ATP and ADP were from Sigma and of >99%
purity. Beryllium fluoride was prepared as described (de Wet et al, 2007).

Data analysis

Experimental repeats (n) refer to separate protein preparations. Data points from each
preparation were done in duplicate. Values are given as mean=SEM. Significance was tested
using Student's t-test.

The Michaelis-Menten equation was fitted to concentration-activity relationships to obtain
the Kp,. All activities were expressed as Vmax (nmol Pi released/min/mg protein) and as
maximal turnover rate (nmol Pi released/s/nmol protein) to allow direct comparison between
proteins of different sizes.
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ICs for MgADP and Beryllium fluoride inhibition were calculated by fitting the Langmuir
equation to the data:

y =B+ {1/{1+([II/ICs))}} eqni
where y is the ATP hydrolysis rate, ICsq is the concentration of inhibitor | at half-maximal
inhibition and B is ATPase activity remaining at maximal inhibition (where B=0 for
complete inhibition). K; were calculated from ICgq using the equation for competitive

inhibition of Chen and Prusoff (1973):

K, =ICy/(1 + {[ATP]/K_(ATP)}) (eqn 2).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ABC ATP-binding cassette

BeF beryllium fluoride

CFTR cystic fibrosis transmembrane conductance regulator
DDM dodecylmaltoside

KATP ATP-sensitive potassium

MBP maltose binding protein
MRP1 multidrug resistance protein
NBD nucleotide-binding domain
SUR sulfonylurea receptor

TMD transmembrane domain
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Figure 1. Protein purification
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Coomassie-stained denaturing gels of purified MBP-NBDs (A) and full-length SUR2A (B),
SUR2B (C). Numbers adjacent to the gel indicate the molecular weights (mw, kDa). (A)
Lanes: 1=NBD2A; 2=NBD2B; 3=NBD1; 4, mw markers. (B) Lanes: 1=SUR2A,; 2, mw
markers. (C) Lanes: 1, mw markers; Lane 2=SUR2B. Samples are purified eluates from
affinity resins without further purification (A) or eluates from the gel filtration column (B,

o).
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Figure 2. ATPase activity of NBDs

A, ATPase activity of NBD1 (@, n=5), NBD2A (A, n=7), NBD2B (O, n=7) or NBD2-AC
(A, n=3). The lines are fit to the Michaelis-Menten equation with estimated Vyax 0f 37, 26, 8
and 31 nmol Pi/min/mg and K, of 769, 556, 882 uM and 340, respectively. B, ATPase
activity of a mixture of NBD1 and either NBD2A (O, n=4) or NBD2B (@, n=4). The solid
lines are fit to the Michaelis-Menten equation with estimated K, of 995 and 878uM and
Vmax 0f 31 and 27nmol Pi/min/mg protein, respectively. Dashed line, average of the ATPase
activity of NBD1 and NBD2B.

FEBS J. Author manuscript; available in PMC 2018 April 09.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

de Wet et al. Page 12

A. SUR2A B. SUR2B
35 1.2 +
3.0 | 1.0 J
()] (@)
€ 25 E
= £ 0.8 4
€ 20 =
a = 06 .
6 1.5 6
= E 04
S 10
0.5 0.2 1
0.0 ' W - B, S— . 0.0 4 .
0.001 0.01 0.1 1 10 0.001  0.01 0.1
[ATP] (mM) [ATP] (mM)
C.
3.0 |
g 25 |
<
€ 20
O 45
(@]
é 1.0
0.5
0.0 |, ]
0.001  0.01 0.1 1 10

[ATP] (mM)

Figure 3. ATPase activity of SUR2

A, ATPase activity in the presence (@, n=4) or absence (O, n=1) of Mg2* for purified
SUR2A. B, ATPase activity of purified SUR2B with (@, n=3) or without (O, n=1) Mg?*. C.
ATPase activity of SUR2A and SUR2B plotted on the same scale. The lines are fit to the
Michaelis-Menton equation using K,=460uM, Vnax=2.52nmol Pi/min/mg and an offset of
0.1nmol Pi/min/mg for SUR2A, and Ky=41uM, and Vax=0.73nmol Pi/min/mg and an
offset of 0.05 for SUR2B.

FEBS J. Author manuscript; available in PMC 2018 April 09.

10



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

de Wet et al. Page 13
A. B.
1.2 4 1.2
2 1.0+ ? 1'0T
= =
C 08 é(’ 0.8
< = .
© ®
S 06" _§ 0.6 -
T 0
© o
= 0.4 i 0.4 1
0.2 0.2 1
0.0 T 0.0 - .
0.01 0.1 1 10 0.01 0.1 1 10
[ADP] (mM) [ADP] (mM)
C.
1.8 |
' [ ] AF
z ]
= Ay 1 [ ATP+ADP
Ej 1.0 | T l 1 _\
3 | !
i)
§ 0.6 |
L
0.2 |

SUR2A SUR2B

Figure 4. Inhibition by MgADP
A,B Inhibition of ATPase activity at ImM MgATP by ADP for (A) NBD1 (A, n=4),

NBD2A (O, n=3) and NBD2B (@, n=3); (B) a mixture of NBD1 and either NBD2A (O,
n=3) or NBD2B (@, n=3). C, ATPase activity of SUR2A and SUR2B at 1ImM MgATP with
(white bars) or without (grey bars) 3mM MgADP (n=3). Data are expressed as a fraction of
the turnover rate in the absence of inhibitor. (A,B) The lines are fit to eqn 1 and K; values
calculated using egn 2.
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Figure 5. Inhibition by Beryllium Fluoride
A, Inhibition of ATPase activity at 1mM MgATP by Beryllium Fluoride for NBD1 (A, n=4),

NBD2A (O, n=3) and NBD2B (@, n=3). B, Inhibition of ATPase activity at 1mM MgATP
by Beryllium Fluoride for a mixture of NBD1 and either NBD2A (O, n=3) or NBD2B (@,
n=3). Data are expressed as a fraction of the turnover rate in the absence of inhibitor. Lines
are fit to egn 1 and K values calculated using eqgn 2.
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Table 1
ATPase activities and kinetic constants

WT, wild-type. n, number of preparations. *, p<0.01 against NBD1+NBD2B. **, p<0.005 against NBD1.

Construct Turnover Rate Vmax KnMM) | n
(s1x10%) (nmol Pi/min/mg)

NBD1 338+24 30.8+2.2 647+110 | 5
NBD2A 19.3+£3.0 21.2+28 529+ 170 | 7
NBD2B 6.1+ 1.5%* 6.7+1.6 792+151 | 7
NBD2-AC 245+4.1 295+4.4 336+ 30 3
NBD1+NBD2A 27033 27.1+33 941+174 | 4
NBD1+NBD2B 25.2+3.2 24.6+3.0 880+308 | 4
Average NBD1,NBD2B | 14.0 +4.4* 15.3 + 4.8** 528 +180 | 4
SUR2A 6.1+2.3 26+0.8 373+93 4
SUR2B 23+0.3 0.8+0.1 38+11 3
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Table 2
Inhibition by ADP and Beryllium fluoride

WT, wild-type. n, number of preparations

Construct ADP (UM) n | Beryllium fluoride (uM) | n
NBD1 443 +£107 3] 260+46 4
NBD2A 368 + 109 3| 256.8+33 4
NBD2B 305+52 3| 283+5.7 4
NBD1+NBD2A | 370+ 138 3| 239+14 4
NBD1+NBD2B | 352+ 106 3| 22723 4
SUR2A No inhibition | 3 | nd
SUR2B No inhibition | 3 | nd

s1dLIOSNUBIA JoLINy sispund JINd 8doin3 g
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