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APPENDIX B

CVYLLMVTMSTVGYGDVYAKTTLGRLFMVFFILGGLAMFASYVPEIIELIGNRKKYGGSYSAVSGRK -
CVYFLIVTMSTVGYGDVYCETVLGRTFLVFFLLVGLAMFASSIPEIIELVGSGNKYGGELKREHGKR—
CVYFLIVTMSTVGYGDVYCETVLGRTFLVFFLLVGLAMFASS IPEITELVGSGSKYGGELKREQGKR -
SVYFVLVTMSTVGYGDIYCTTLCGRLFMIFFILFGLAMFASYVPEIADLIGNRQKYGGEYKGEHGKK - -
SLYLIIVAFATIGFGDVTAFTTPARIFMIAFIVIGICFFLPLFQRLSVIAERSQLHNTFSGGGSASWLRRGNKHPﬁ
MVYMMLLSFSSIGxGDVTPLTVQGRLLMIIFIGVGFSYFVPILQYVADLGVYHLSYAYYTTCFKRTD‘~
SFYFCIVTESTVL 5FGDVTPKIWPSQLLVVILICVTLVVLPLQFEELVYLWMERQKSGGNYSRHRARTEK
STYYVVVTFST GYGDFVPDIWPSQLYMVIMICVALIVLPTQFEQLAFTWMERQKLGGSYSSHRAQSEK-—
SFYFVMVTFSTYGYGDWYPDYWASQLCVVILICVALGLIPKQLDELGQTNSERQKSGTDFSSNNGVES—
SIYLVTAT STﬂdFGDVVAKTSLGRIFIVFFTLGSLILFANYIPEMVELFSTRKKYTKPYEAVKGKK-
SIYLVMATTSTVGFGDVVAKTSLGRTFIMFFTLGSLILFANYLPEMVELFANKRKYTSSYEALKGKK‘
GIWWAVVTVSTVGYGDYVPHTPLGQAAGILLILSGASFVTAYFATLSAAAFSRQHRYIEGKVAYKGRD
ALYYVIIT&TTVGYGDITPTTPLGKALAMVLGVLGLFLFSLIIATVSTAFFHYVNMLKMGMVSFRELKN
GIWWSIVTPFTVGYGDFAPHTLIGKLIGMGIILFGTGFCSYYMVLFATDMINKQYMKVKGEEAATSNG
GVWWAIVTSATIGYGDIAPKTVAGKLAAIGLIVLGTGILTAYFASVSAVAAARETAFTSGQLRYTGRG- -
GIWNAIVTISTV YGDFVPYTLIGRLLGIVLIMSGVGFMTFYVTTLAATTIKSRNAYLEGKLHMTDKD - - - - - -
FTYFYLTTATTVGYGDLSPKSGWGKLVTTTWIMLGGIALLTTVIGKASTSVGDIWRRNMKGQGDCSALTG—
SLYWTFVTIATVGYGDYSPSTPLGMYFTVTLIVLGIGTFAVAVERLLEFLINREQMKLMGLIDVAKSR~
AIWFTMETVTTVGYGDVVPVSNLGRVVAMLIMVSGIGLLGTLTATISAYLFQIRIERRGKLEKRLKNA-
AIHFVFQT,TTVGYGDVVPVNLTGRIIAIIIMLAGIGTVTTLmASTAAYMTNVKLKHKIKSIRMKN—-~
SLWWTMQT] TTV {YGDTPVYGLAGRANGMLIMVIGIGSLGYLMAGLTSMLIDIRLSSKLGERMAAEKK -
AFFQTTYT‘TAT FGALNESQFGPISIFLTSILMFFGAGIIAFSVAILVSVVNKGTLTRLIKEKGMIYKIARLKDHYVICYHNEYT--
SLYMTVITQGTrdYGEVVEGSDTLIGRTFTTFLALGGIGVFTTSVTILIRIFFQBDFIGVLRANKMLRDIEKLRGgFIIV
AVYQTVFTDTTG@YQETHPISDLGKVFVVVLILVGVMTWTYA GTAISVMVNENVIGKFREAIMVQQVREYQD - - HIJN@u:

- - EFYUREGH I TYE - - - - SVSH[
—AHIVVCrHITiE----SVSHT

SLYMTVITITTrGIGEVKPMGPGGRVISMLLMFVGVGTFLYAVNVFMGLIVEGRIEKRWEKMIEKMED -------
ALYYSAVSLSTTGYGDITPITQSARLLN[IIITPLRLAFVILLVGTTLSVLTEESRRAWKIQRWRKRMRN— H
SE! YATVTLSTTGYGDITPVSDAARLTNIFVITPLRVLFLIILVGTTLEALTERTREEWRLNRWRSALRD ----- 3
FYTAVVTISTVH YGDYTPQTFLGKLSVIIYIFAGVGAVAYTKGNIASFFIEGHFRKYFRLRKMMDRIKKLNN~—ﬁYIIC,
ALYFSVITITT?GYGDFTPKTFLGRTLTVVYLCVGVGIVMYLESLIAEFIVEGKFEEFVRLKKMKNKIKTLKD-»gxIIC
ALYMVTLTIFTVGYGEVRPVDTDDLRAVTMATMVFGCTGVIIVTGALVQALTQSQLEQFFGKRVERDIEKLDGvfHIVIC“
CLYYATVSUSTTGYGDITPYTESARLVNVLVITPLRVAFLIV IGTTVETLTTQSRQALKIQRWRSKVRN- -~ - - - firvve
ALYMTVITVATVGFSEVRPLDDVGKIFTMVLIVGGTGIFFFT TSVAVFFVSGENKEHWEQQRNERMLRKLND--HFIIC,Y
CLYMTEMV! TTﬁ 3FGEVHPLSPAGKAFS ILLMLFGIGLMLYLETLLAEYVLRSVTDPDAQRRRKEKKVLSLRE -
SFEFTLITWST QYSIPENLSQAGKVIASILISAGVTIVLYGFTSVTSMIVEGHIGEYFKSRRMRKMIDRLKD-
SFYMVVITLSTIGFGEVHPLSSQGRLLTTLVVFAGVGNFAFITIGAFSQLLVDGKLYRYMGRRRVLKAIAKLRD - - H
LVYFTMVTVATVGYGDIVPVTARARLIDAFFIVPIRIGIWFIFLGTAYQFVIQRVIEEYRMKRLQKNLRD -----

AFZMTTITLATV 3V
AVYMVVITVFGVGYGEVRPLTTTAERVFTMGVILAGTTSAVYLVGAFVQMVTEGETHRALGNQQRQRQIANLTD - HEgsgs:
CVYFSAVSDSTTGYGDITPYTETARLVHTLIFTALRIAFLAVLVGTTLEVLSERSRQGWKIQRWRSRVRN —————

ALYWTMITITTVGYGDISPATDGGRMVAITGTIVGIWVTVLMTSIIVSALTERIFELKEQRMERQIEKLRD - - - - HSReG L]
AFYFSIETMSTVGYGDIVPVSESARLFTISV[ISGITVFATSMTSIFGSLIRGGFNKLVKGNNHTMHRKD ~~~~~ UFTVCE
AFYFAIVCMSTVGFGDIIPHTTVARMFTLTVIIAGITVFATSVASIAGPMISNNIKRIVKGRISHVERKN~
AFYFSIVSMST YGDITPQTTAARLFAASIIILGITVFATSISAIAGPVIGGNLKRLVRGRISHAMRKH -
ALYFSVVTMSTVGYGDIVPKSEDARIFVISIIILGITVFATS;SAVVVPLVNGRMQRLLMPEhRRSHRS
ALYFSVVTMATVGYGDILPVSNEARLFVVSLIVLGITVFATSLSATIVPAVNNRLOSALQGEKRHMIRKG- -~ - -

AFYYTLVTATTVGYuDITPTTQAARLFSLSVLVSGAASFAVALTTLIGPALEARLANVLGRMTQRDLDALND»»—HfVVA
AFYYTGEVITTLGFGDILPVTMDAKIFTISLAFLGVAIFFSSrTALILPSVERRLGGLVNRMEKRELKTLKD—--YJLVC FSNDLA-~
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Appendix B Multiple sequence alignment of available RCK domains of low redundancy (<65% seqID),
including those from eukaryotic BK channels, 2TM and 6TM prokaryotic K™ channels, K transport system
domains, and proteins annotated as hypothetical: BK channels: sequences are identified in Appendix A, 2TM
prokaryotic channels: Bsubt2TM (GI:7475768), Aaeol2TMa (Gl:15606902), Banth2TMa (GI:21397377),
Bstea2TM (gnl][UOKNOR_1422|bstear Contig1568), Bhalo2TM (GI:10175963), Psyri2TM (gnl|TIGR 323|
psyring_5332), MthK (GI:7482789, *PDB:1LNQ), Tvolc2TM (GI:14325256), Facid2TMa (gnl|DOE_97393|
Contigl55.revised.genel26.protein), Facid2TMb (gnl|DOE _97393|Contigl55.revised.gene29.protein).
Hpylo2TM (GI:15645117), Aaeol2TMb (GI:15605833), Magne2TMa (gnlDOE_156889|Contig232.revised.
gened4 protein), Afulg2TMa (GI:11498322 + GI:11498323), Nosto2TMa (GI:17130425), Banth2TMb (gnl
ITIGR_1392|banth_1526), Afulg2TMb (GI1:11499263), Cdiph2TM (gnl|Sanger 1717|cdiph_Contig38),
Scoel2TM (GI:7481024), Mjann2TMa (GI:1498918), Mjann2TMb (GI:1592000), Ccres2TM (gnlTIGR|
C.crescentus_4943), Msmeg2TM (gnl[TIGR_1772|msmeg_3275), Ctepi2TM (gnl[TIGR|C.tepidum_3495),
Dradi2TM (GI:15807327), Tmari2TM (GI:15643815), Dvulg2TM (gnl|TIGR 881]| dvulg 1531), Bmall2TM
(gn]|TIGR _13373|bmallei_102), Pmari2TMa (gnliDOE_74547|Contigd76.revised.gene343.protein),
Pmari2TMb (gnl|DOE_59919|Contig26.revised.gene1290.protein), Narom2TMa (gnl|DOE_48935|Contig207.
revised.gene40.protein), Narom2TMb (gnl|DOE _48935|Contig211.revised.gene36.protein), Synec2TMa (GI:
16329750), Synec2TMb (GI:16332066), Maviu2TMa (gnl|TIGR|M.avium_34), Maviu2 TMb[N]&[C] (gnl
ITIGR|M.avium_303),  Synec2TMc[N]&[C]  (GI:16331097),  Nosto2TMb[N]&[C]  (Gl:17129785),
Rpalu2 TM[1]1&[2] (gnl|DOE_1076|Contig59.revised.gene1883.protein), Magne2TMb[1]&(2] (gnl
[IDOE_156889|Contig314.revised.gene5.protein), Halob2TM[1]&[2] (GI:10580209), Gsulf2TM[1]&[2] (gnl
ITIGR_35554|gsulf 2947), Isolated RCK domains: AfulgHypo (GI:2649897), SynecHypo (GI:1001359),
BsubtHypo (GI:732401), KtrA (GI:15669293, *PDB:1LSS), ValgiKtrA (GI:3288678), DradiKorA (GI:
15806669), TethaTrkA (GI:2581796), ScoelTrkA (G1:2815362), PabysTrkA (GI:5459187), MtherTrkA (GI:
15679276), AfulgTrkA[1]1&[2] (GI:11498444), EcoliTrkA[1]&(2] (GI:15803817), 6TM prokaryotic channels:
Magne6TM  (gnl|DOE_156889|Contig441.revised.gene50.protein), Kch  (GL:16129211, *PDB:1ID1),
Ypest6TM  (GI1:15980654), Bpert6TM  (gnl|Sanger_520|B.pertussis_Contig305), Tferr6TMa (gnl|TIGR|
t ferrooxidans_2924), Tferr6TMb (gnl|TIGR|[t_ferrooxidans_2975), Halob6TM (GI:10581294), Tacid6TM (GI:
10640775). Note: [1] & [2] denote first and second RCK domains following a channel domain in tandem; [N]
& [C] denote N-terminal and C-terminal RCK domain relative to a channel domain. Alignment begins at the K'
channel signature sequence and ends at the completion of the RCK domain. Secondary RCK domains ([2]), N-
terminal RCK domains [N], and isolated RCK domains (Hypo, KtrA, TrkA) begin at the initiation of the RCK
domain in the sequence alignment. Singular RCK domains (channel associated or isolated), secondary RCK
domains ([2]), and C-terminal RCK domains ([C]) end at the protein C-terminus. N-terminal RCK domain
sequences ([N]) end just prior to the first TM helix of the channel domain and primary RCK domain sequences
([1]) end just prior to the beginning of the second RCK domain. Notice the segregation (from top to bottom) of
BK channels ([2] & [1] domains), 2TM prokaryotic K™ channels, isolated domains, and 6TM prokaryotic K"

channels. Within the 2TM prokaryotic K* channels, sequences are further subdivided: those without the
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canonical NAD(+)-binding motif in the RCK domain (Bsubt2TM  Nosto2TMa), those with the motif
(Banth2TMb - Maviu2TMa), sequences with N- and C-terminal RCK domains ([N]&[C]). and sequences with
tandem C-terminal RCK domains ([1]&[2]). Also note that the NAD(+)-binding motif is found in all of the
isolated RCK domains (Hypo, KtrA, TrkA), but is not found in any of the 6TM or BK channel sequences.
Sequence similarity is indicated at 90% (dark shade) and 65% (light shade). A number of sequences were
found to be truncated post aG: 6TM prokaryotic K* channels (exception: Magne6TM), Bsubt2TM,
Rpalu2TM([1], Magne2TMb[1] and HBK3[2]. Truncated sequences were excluded from the calculation of
similarity in this region for the purposes of determining the pattern of conservation for RCK domains. Line

numbers are relative to the alignment as presented.
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APPENDIX C

A recent report states that the removal of the entire C-terminus, from the end of
S6 onwards, results in wild type-like BK currents with normal voltage and Ca™
dependence (Piskorowski and Aldrich, 2002). This claim is clearly at odds with the body
of literature that has demonstrated the relevance of the C-terminal domains to Ca’*
activation (see References for a short list) and it specifically conflicts with the model
presented here for the C-terminus as the structural and functional unit of the Ca®*
activation mechanism in BK. The evidence supporting the claim that the C-terminus is
not necessary for Ca®’ activation, however, is obscured by a number of issues.

The main issue that makes the results difficult to assess is the extremely low
expression of observed BK currents in their experiments. This is an important issue
because of a low level of endogenous BK channels in cell types used for the assay of
exogenous BK current, e.g., Xenopus oocytes. Endogenous expression of BK currents is
commonly seen in Xenopus oocytes (Krause, Foster & Reinhart, Neuropharmacology
(1996) 35(7): 1017-1022); BK channel mRNA are found in HEK cells (Larry Salkoff,
personal communication); and BK channels are prominently expressed in the follicle
cells of Xenopus oocytes (see observations below). The number of observations as
reported (typically 2-5 channels per patch) and the high variability in the observations
(later communicated to be dependent on frog batch) are not, by themselves, convincing
evidence of exogenous channel current expression from an injected construct.

In an attempt to reproduce the finding, I assessed the expression of the truncated
construct (truncated Mslo, provided by the Aldrich lab) and a similarly truncated human

BK construct (truncated HBK) in parallel with the expression of endogenous BK from
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uninjected control oocytes. I controlled for batch-dependence and any potential temporal
variables by following a strict protocol of parallel surveys of injected and uninjected
oocytes. In other words, I searched for BK channel currents in the uninjected oocytes as
hard as I did in the injected oocytes. Equal sampling is, of course, crucial to any survey
making claims about the significance of a signal relative to the noise. The results of this
survey and the observation of 2-9 BK channels per patch from an endogenous Xenopus

source are described in detail in the next two sections:

BK current expression from uninjected and truncation-injected oocytes

Three batches of oocytes from independent dissections were injected with
truncated constructs. Within each batch I pulled numerous patches from uninjected and
truncation-injected oocytes over a period of 1 to 4 days following injection (2-5 days
following dissection). Out of a total of 370 patches I observed single channel BK currents

in 12 patches:

Batch 1: truncated HBK constructed by removing sequence following VAL339

oocytes patches | BKsingles
Uninjected 7 49 0
Truncation 5 50 0

(0 of 99 patches)
Batch 2: truncated Mslo provided by Aldrich

oocytes patches | BKsingles
Uninjected 3 12 1
Truncation 7 70 0

(1 of 82: ~1%)




Batch 3: truncated Mslo provided by Aldrich (same as in Batch2)

oocytes | patches | BKsingles
Uninjected 7 70 4
Truncation 9 119 7
(4 of 70: ~6%; and 7 of 119: ~6%)

The level of endogenous BK channel expression varied across the three batches of
oocytes (0-6%). I did not, however, find a significant increase in the expression of BK
currents due to the injection of truncated constructs. The preparation and injection of
wildtype constructs served as positive controls for each RNA preparation and for the
viability of each batch of oocytes. In each batch full-length, wildtype constructs gave
significant currents (dayl: 0.4 1.0nA of maximum current, day2: 2 14nA, day3: too

much current to measure).

Significant densities of BK channels found on partially digested oocytes

[ was able to obtain patches on uninjected oocytes containing 2-9 BK channels.
Incomplete digestion of the follicle layer by collagenase treatment and the subsequent
incubation of oocytes with an intact or partial follicle layer provide the conditions for
finding significant densities of BK channels. Removing the follicle cells just prior to
patching reveals regions of local adhesion between the vitelline matrix and the plasma
membrane of the oocyte where the vitelline does not separate and “fall away” easily.
These regions can in fact appear to be devitellinized, and, unlike vitelline under normal
conditions, patches can readily be formed on these regions. Patches obtained in this

manor consistently contained 2-9 BK channels. This was observed in three separate

batches of oocytes in a total of 13 patches.

104



Interestingly, the vitelline layer could be removed from such regions and patches
taken from the newly devitellinized regions contained either no BK channels (for
uninjected oocytes) or large macrocurrents (for wildtype-injected oocytes). It is therefore
likely that what was actually being patched were residual follicle cells. Follicle cells
form gap junctions with the plasma membrane of the oocyte through the vitelline matrix
and the adhesion between vitelline and plasma membrane has previously been related to
insufficient digestion of the follicle (Choe & Sackin, Pflugers Arch (1997) 433(5): 648-
52). Furthermore, follicle cells are known to express BK channels (Salkoff, personal
communication; Honore & Lazdunski, Pflugers Arch (1993) 424(2): 113-21).

This source of low-expressing, endogenous BK channels may be an important

consideration and caution in the study of low-expressing constructs.

In summary, I did not detect the significant expression of truncated BK constructs
and therefore was unable to reproduce the primary finding. I did, however, find an
additional source of endogenous BK currents not considered in the original paper. The
level of expression from this source is equivalent to the level reported for the truncated
constructs.

Having raised the possibility that the observed currents are from endogenous BK
channels and providing numbers and observations that support this possibility, other
issues are immediately raised. Have the endogenous BK channels been sufficiently
characterized? It is not sufficient to compare the currents from truncated-injected oocytes
with those from oocytes injected with full-length constructs when considering the

possibility of endogenous channel currents. One must make the comparison with
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endogenous currents from uninjected oocytes. In the evidence presented in the original
work, the currents to which truncated BK currents are compared are in all instances from
oocytes injected with a full-length BK construct. There is one reference to study of the
TEA sensitivity of endogenous BK currents from Xenopus (Krause, Foster & Reinhart,
Neuropharmacology (1996) 35(7): 1017-1022), but the data are not shown. To my
knowledge a thorough study of the relevant properties of endogenous BK channels in
Xenopus has not been published.

Resolution of these issues will require either a significant increase in the
expression of truncated BK constructs to alleviate any doubt as to the source of the
currents being studied, or a thorough study of endogenous BK channels from Xenopus to
allow for an absolute distinction between the potential sources of current. In the
meantime, I find the evidence inconclusive for describing the properties of truncated BK

and thus find the interpretation that the C-terminus is not necessary for Ca®* activation

premature.

Methods

Each patch was probed as cell-attached and excised in 1-3uM Calcium from
-200mV to +200mV (40mV steps) as an initial survey of all observable currents. Pipette
resistance ranged from 0.9 2.0 MQ. Under such conditions BK currents would appear as
large openings increasing in frequency and duration over the range of +80 to +200 mV,

with a P, greater than 0.5 at +200mV. Patches containing BK-like currents were then

tested over a range of [Ca] and voltages.
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