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Materials and Methods

As in the study of the previously determined MscL structure (S7), multiple homologs of MscS
[encoded by the yggb gene (S2)] were identified by BLAST searching of the NCBI genome
database. Ten homologs from prokaryotes and Archaea were identified and subsequently cloned.
The channels were subcloned into expression vectors (pET system, Novagen) and expression
screening was carried out. Cells expressing sufficient channels to be identified by Western
blotting were subjected to extensive detergent screening utilizing ~50 detergents (Anatrace,
Sigma, Aldrich) where both the ability of the channels to be extracted out of the membrane and
the ability to remain as a homo-oligomer were determined. Subsequent large-scale expressions,
extraction and purification produced sufficient amounts of protein for three channels (E. coli, B.
subtilis and C. tepidum) for crystallization trials. Each of these channels was produced
recombinantly (vector pet28b, Novagen) in 50-liter fermenter growths in a modified Terrific
Broth media containing 1% glucose and 0.4% glycerol. Protein expression was initiated by the
addition of 2% lactose and 2 mM IPTG for 2-4 hours, resulting in ~1.5 kg of wet cells. To obtain
phase information, selenomethionine-derivatized protein was purified from cells grown in a
modified M9 media containing 50 mg/] selenomethionine, and the remaining amino acids at 40
pg/l. Extraction of the E. coli MscS was carried out using sonication and solubilization with 1%
Foscholine-14. Ni-affinity chromatography, anion exchange, and size exclusion chromatography
in the presence of 0.05% Foscholine-14 were used to purify the protein to homogeneity. The
apparent molecular mass of the protein, as indicated by size-exclusion chromatography, was in
excess of 200 kD, similar to that reported for recombinant MscS by Sukharev (S3). Crystals were
obtained with 10-15 mg/ml MscS by hanging drop vapor diffusion with 100 mM pH 7.2 Hepes
buffer, 150 mM Na-formate, 8% glycerol, and 16% PEG-3350 as the precipitant. Crystals grew
to ~200 um in each dimension, and were assigned to space group P432\2 (a=b=184.7 A, c =
260.7 A) with one MscS oligomer in the asymmetric unit (corresponding to ~71% solvent
content). Only residues in the extramembrane (water-soluble) regions of MscS participated in
lattice contacts.
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Figure S1
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Fig. S1. Amino acid sequence of the E. coli MscS (S2). Residues highlighted in yellow are
identical in at least 65% of the sequences of 25 yggB homologs in prokaryotes and Archaea (see
Fig. S2). The red boxes indicate methionine residues located in the selenomethionine substituted
protein used for phasing, while transmembrane arginine residues at positions 46, 74, and 88 are
shaded blue. Cylinders above the sequence designate residues in the three transmembrane o
helices, TM1-3, and the two cytoplasmic helices, CH1 and CH2. Black circles below the
sequence denote amino acids within residues 96-112 of TM3 that line the permeation pathway.

Arrows above the sequence denote residues in B-strands 1-10.



Figure S2 MULTIPLE SEQUENCE ALIGNMENT of vggB
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B e L E L e MEDLNVVDSINGAGSWLVANQALLLSEAVNIVAALATIIVG-
8 typh -----meemem e --MEGFELFPKIKGAIKWMAEHSDSVIHFGWNVVAATILLFIG-
Chep ---------mmmm e e e - --MESTSLRDLSHVIDWLVRPLVVIGHAEISIVKIVIIIL-
P fur ------mmmm e e e mm e e e e - MVALDEPLPEVGVIPMOVLIAIVVLIVG-
S:ent ---------------------- --MEDLNVVDSINGAGTWLVRNQALLLSEAVNIVAATATIIIG-
Y pestis -----mmmm oo MEELNVVEGINNASTWLANNQDLLIQEAVNIIAALLILIVG-
~ Buchn ----------oo-- MLFIKIEITAKTLLITNKKYIEIKMDELNVVNNINHAGIWLIRNQELLLRY TINLISAIIILVVG-
Bd ot ----cmemmmmmemme e emmmmeee e a e MEKELDVVDGIQSAGGWI VRN DLLLGYAVNLVAAVVILIIG-
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Figure S2 MULTIPLE SEQUENCE ALIGNMENT of yggB
Page 2 of 4

* *

ALVREGITAFTLIARLGRVGVQT-ASVIA-VLGAAGLAVGLALQGSLESNLAAGVLLVMFRPFRAGEYVDLGGE- - VAGTVL

yggB 146
S_typh ALVRYITIAFTAVAALGRVGIET-SSITA-VIGARGLATIGLALOGSLSNFAAGVLLVSLRPFRAGEIVAIGL- - VIGTVE 146
Ctep TILQELIVFFOILIVLOSAGIDL-SSLTV-LSGTIIGLEICFCLONIADNFFSCLIILLERPVEVGIRIOVGE- - INGDVY 149
P fur -PLSALLY¥VAVILLAVRALGIEV-G@SVVLGLSAVIGLILGFGMODILTNLAAGVWIAALRPIDIGEVVEVAG- - KVGKVN 134
S:ent ALVREGVIAFTLIARLGRVGVOT-ASVIA- VLGARGLAVGLALQYGSLOSNLAAGVLLVMFRPFRAGEYVDLGGE- - VAGTVL 146
Y pestis AMVRYESILAFTIVAVLGRLGVQT-ASVIA-VIGAACGLAVCGLALOGSLENFAAGVLLVAFRPFKAGEEVDLGGE- - VAGTVV 146
" Buchn ALMRY¥IIITFTFIAALGRIGV(T- TSVIA-ILGAAGMAIGLALQGSLENFAAGVLLVILRPLETEEFVDLES- - VSATVL 170
Bd_ict AMVRYAILAFTIIARLGRLGVOT- TSVIA-VLGAAGLAVGLALQGSLSNFAAGVLLVLFRPFRAGEVVDLGGE- - VIGTVR 146
V chol GLVRETILFIIVLIABLSRIGVQTI-ASVVA-VIGAAGLAVCLALOGSLENFAAGVLIVAFRPFESGDEVEIGG- - VAGESVD 152
C perf APSEVSLEVLLVITLMSYVGFDI-AGLAA-LIASAGLAVGLALQGSLENFAGEVIILLLRPFRVNDFIEASG- - ¥SATVE 138
Synech NISYFLLLVVFFVLCLAQLGIOT-SSLVA-LLEASTLATGLALOGSLANVAGCILLVLFN¥FRVGERIEVAG- - IEGIVE 152
Pzeud aer SLVSIVLKILLVVSVASMIGIQT- TSFVA-AIGAAGLATIGLALQGSLANFAGGVLILLFRPFEVGDWIEAQG- - VAGTVD 141
Xy_fast NIAYALLLIVVSVSVLORLGVPA- TSLAA- VVGATGLAVGLALKDSLSNIAAGVMLIVLGPVRSGIHVVIAG- -QEGIID 152
Neisser NVANIGLLILVIIABLGRLGVST- TSVTA-LIGGAGLAVALSLKDQLSNFAAGALIILFRPFRVGIFIRVGG- -FEGYVR 148
A fulg KVIYFGIIIVAFIAVLPALGLD--LSCGLLVAGGITGIVLAGFASQHSVVANLVSGIFLISEKPIKIGIQVNIDG- - VAGFVE 135
Puscbac SLIKTIM¥IILAFILV@ILGVRA- TSLVI- ILGTAGVAVELALOGSLENLA SCILILFFEQVSKEDFVSSLDKNI EGTV) 137
Methanos KLIYYGSLVIVFIARLPLIGLN--PSGLLLAGEITGIILGFASQONIVGHLVSGFFLMVERPIEKIGIQVEING- - TAGYVT 143
Agro tum GGIRYVVLILVIVMVLGQFGVQT-ASILA-ALGAAGLATGLALQGTLONIAAGIMLLVLRPFRVGEYIETST- - VSGTIII 146
Pyreobac KFIR¥SILILASVIALASLGFD- - ITGALVAGGFLGLVIGLAAQTSISNFISGVLLMFERPFSLEDYIHIGD- - VVGAVY 128
Thermot FFLELIISVIAVMIILDIWDLSLAPLLAG- - VGIGGLVIGLALQEPLANFFSGLFLLVSRAVEEGEALEAGG- - VSGTVE 120
B suk KLLRFVIIALSVSVIAQEFNIDVNGFVAG- - LOLGGLAFALAAKDIISNFFGGIIIITEKPFTIGDWVETIST--VIGSVE 214
Helice QVIFILILIITIIIALSTLGVQT- TEIIT-VLGTVEIAVALALKDYLESIAGEIILIILHPFEKGDITIEISG- -LEGKVE 135
Mjanl KVVKILTILLGILTALSSVEEDITALLAG- - LGVEGLALALAMODTIIKNFIAGILILIDEPFSLGHWVKVKG- - AEGIVE 211
Mjan2 KLVRLVVWVVGLLLILSNLGY¥DIKTLLAG--LGIGGLAVALASONLVSNLIAGLIILTDKPFKIGNWI TFSG- -@SAIVE 218
P_hor KLFY¥TLITLAFFLALNVAGFTGKLTIIVAARGTITGIVLGFSAQTVISNLISGIFMYFDKPLEIGOPIEVAG- -ESGVVE 192
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yoggB SVOIFSTTMRTADGKIIVIPHGKIIAGNIINFSRE- PYRRNEFIIGVAEDS-- - BIDQVKQILTNIIQSEDRILKD---R 219
S_typh KVAIFSTITLLTADSKEVVIPNGKITADNITNYSRH-PYRRIDLIIGVDEQS---RIADVENVIHRITIEQDHRIDKT---R 213
Ctep RIAIRSITLLINDMNINIIIPNSEFVSKOQVINWSHNDRSLRVSVDPVGVAEGS-- - DPEQVKHVLLGVAENHPDILTK---P 223
P fur AVE@IMSTIELLTADNVLITIPHN-KLVWGNVITNY TRMPTRRVDVNVGVAYGT-- - DLDKAT KVAMELM)NHPKVLKD---P 207
8 ent NVQIFSTITMRAVDGKIIVIPNGKIIAGNIINYSRE- PVRRNEFIIGVAYDS---BIDOVEQLLTTIIESODRILED---R 213
¥ pestis QUQIFSITLRIVDDKIIVVDPNGOKIIANNIINTSRE- PNRRTIDMIVAVAYDA- - - DIDVVEKVLEDIIARDSRITHE- - -K 219
" Buchn NIHIFYITLRILDGKIVVVPNNKIISGNIINYSRE- PARRNEFIISVSENS---DIDLVIKILRSVIEKEERVIKD---K 243
Bd ict BEVQIFSTTLATADNKVIVVPNGKIIAGNIINFSRE- PKRRIDITVGVA¥DA-- - DIDVVERVLGDVVAADTRILHE-- -D 219
V chol SIQIFQTIVLESPDNKMVVVPNSAVIGGAITNYSRH- ETRRVDMVIGVSEKS-- - DLOKTERVLRETLEKDPRILED-- - 225
C:perf RITVFYTHLVIPDNKEILIPNGTLANGSLINYSSK- DTRRVDLVFSVGYDD - - - BITKVENVLWDIINKNMELILKT---P 211
Synech SIEILSITICTYDNRLVIIPNKQITENNIINHVGK- PERRIDLVIGVGYEE-- - DIDHVRSSLOWVIDONSEVCTE- - -P 225
Pseud aer SILIFHIVLRSGDNKRIIVPNGALSNGTVINYSAE-PVRKVIFDVGIDY¥DA---DLKNAQNILLAMAD-DPRVLKD---P 213
Xy_fast EIRIFQIRLRTFDQRIITLPNSTITITVPIINYSTL - PTRRIEITVGVSEQD-- - NLEQAQELLLKIARENPKILDDP- - - 225
Neisser BIKMVQTISLRTTDMEEVVLPNSVWVMGNSIVNRSTL- PLCRAQVIVGVDENC-- - BLEVAKEAVLEAAVEHPLSVQNERE-R 221
A fulg DVNILSTIIIRTYDGLEVRIPNEKVFTSNITINIVAH- IARRFEYVVGIRYSD---DAEKATEITKRIIEEHPFALKN---P 208
Puscbac SIHILYIIIQQPNGPVIIVPNSQIANASIINYSKN- PFRRLDLVESASY¥DD-- - PVNEVI SVLHOVIENEPRIIKNNPSM 213
Methanos DIRIISILIRTYDCLLVRLPNOOVFTINIINIVEH- PVRRFEYTIGIRESD-- - DANARIWLIKDLIDKEPFALON---P 216
Agro tum EIGLFATELKISDGLERLAPNSTLWNVPIINYSRF- PSRRHELSLTVKMNDE-- - DMAARQDMLMTVVRSESRILLE---P 219
Pyrebac DIGILBITIVIWDGVRVRIPNSGI¥NSEFENYTAS- RVRLVRIDVQIP¥TA-- - SIDKAVEVI TEKLREQWYVLEE---P 201
Thermet VVNLNHIVIRTWDGRRVMIPNKAVWNLDKIIHFWPS-NVRROEIVVGVDESA - - - DLRKVVEIFQRKALEDEETVEKD---D 193
B suk DITFRSIRFRTIAQ)GALVIVPNSTLSMEAITHWIRM- TKRQITFSIHVSYATPIENLERSIHSLRTMLLEHEGVDNE-- - - 289
Helice ALNFFMISLRLHODGRLAVLPNRSVANSNIINSNMT-ACRRIEWVCEVE¥ES-- - BIELVHKIIKDVIBEMERIDEN- - -H 208
Mjanl EIGIRSIRIRTFDY TLITIPNSELLDSAIENLIVR-DRRRVLMIIGLTYNTPVEKIKRAKEIIKEIVENHPATLP----- 285
Mjan2 DIGIRSTKIRATDNSIIVVPHNSKLIDEIIQNVPSK-NKWKVSTTIGVTYNTPVEKIRKAEEITKNILLEHPNVEDE-- - - 293
P_hor DIRIFSTIRIRTWDGLLVRIPMEKLFNSEIKNLAKY - PARRVDVVVGISEKD-- - DVDRKAVEITRKTLDEIPYVLAE---P 265
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Figure S2 MULTIPLE SEQUENCE ALIGNMENT of yggB
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vyggB EMTVRLNELGASSINFVVRVWSNG 286
S typh 285
Ctep 299
P fur 270
5 _ent 286
¥ pestis 289
" Buchn 305
Bd ict 284
V chol 287
C perf 271
Synech 2986
Psaud aer 278
Xy fast 299
Neisser 282
A fulg 271
Puscbac Se1
Methanos 290
Bgro tum APVIFYDSVTADSATVKLRYWVRS- - - - - DN-EFVI TRBVIKAMRLARDERKABVNAQDPA - - == - mm - e mmem e ema 273
Pyrobac EPVVFAREFADSGIVLEVRAWIAG- - -- - - VIWFNLYSSLATLVERALDEAGIEIP¥PQRVVWFAT-- - - - -- PLP---- 264
Thermot APAIVFSAFNSSSIDFIIRFWVNR---- - -DNFFEGVKRLAFRIKDYLEKEGIYIPFPQLIDVHFDEEFIRVWEKHEGSENK 267
B sub ITIMVNFDTFADSYENLFFNFYIKTI---VWAENLNIREDINYKIIEILGAEGVQFAEPGOMVVVEQRKHESDQFQVNLNKE 366
Helice PTFIGITDFGQSSLNFIIRVWAKI----- EDGIFNVRSELIERIKNALDANRIEIPFNKLDISINKQDSSKZ-------- 275
Mjanl PERVHFREYGDWSLNLRVEYFVRN- - -MGFDYYLNAVDEINLKIKEEFEKEGIEMAFPTE TVELEKDN- - - - ---- 350
Mjan2 PITVYFKEFGDWSLNIQVVYEIKNSRYNGY(QKYISTINEVNLKIKEEFDRKGIEFAFPTETLELKRDD- - ———— 361
P_hor EPTIFVEELGDSSVNLATIRRWAPS------ EKWFDVRIEILKKVKKALDEAGIEI PFPOHVNWFAE-- - - - -- ELK---- 328
ruler ....... 330,000, 340....... 350,000, B60..... .. BFO0... ..., 3g0....... 390....... 400
YYYB - - - - - - e e e e e 286
8 typh ----ommememeo oo 285
Ctep T@Z--------------- 302
P fur ----------mmmmmm - 270
8 ent -------mememmmeea 286
¥ pestis -----c-o-meomoooo o 289
T Buchn —----m - mmmem - 305
Bd i€t ---mmmmm oo 285
V chol =---c-cccccacaaaaa 287
C perf -----mmmmmmmo e 271
Synech ------------ooooo- 296
Pseud a&r ---=-=-----a--aaa- 278
Xy fast DVADES------------ 305
MNeisser ----------—--—---- 282
A fulg ANVEGKE----- ERRQE- 283
PUSGBAC -----—--mmmmmmm oo 281
Methancos GHFEGNEGVLHFEGRGVN 308
Agro tum ---=-=--------a-a- 273
Pyrobac AMLKA------------- 269
Thermot S------------—-——- 268
B sub BEKERR----e-ec-eaa-- 371
Helico =---emcmcmcaccaa-a- 275
Mjanl ---------c-moooon- 350
Mjan2 ----------me oo 361
P hor VEKIB-------------- 332

ruler ....... 410, ... 0n .
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Abbreviation

yggb

5 typh
Ctep

P fur

M tub

S _ent

¥ pestis
Buchn
Ed ict
V_chol

C perf
Synech
Pseud aer
Xy fast
Neisser
A fulg
Fusobac
Methanos
Agro tum
Pyrobac
Thermot
B sub
Helico
Mjanz
Mjanl

P hor

Species

E. coli

Salmonella typhimurium
Chlorobium tepidum
Pyrococcus furicsus
Mycobacterium tuberculosis
Salmonella enterica
Yersinia pestis

Buchnera sp.

Edwardsiella ictaluri
Vibric cholerae
Clostridium perfringsns
Synachocystis sp.
Pseudomonas asruginosa
¥ylella fastidiosa
Nelsseria meningitidis
Archaecglobus fulgidus
Fusobacterium nucleatum
Methanosarcina acetivorans
Rgrobacterium tumefaciens
Pyrobaculum asrophilum
Thermotoga maritima
Bacillus subtilis
Helicobacter pylori
Methanococcus jannaschii
Methanococcus jannaschii
Pyrococcus horikoshii

Genbank 1D

gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi
gi

16130825
16767368
| 21648046
18977188
15609571
16761848
16121224
15617051
| 2708660

15640507
18309195
16331560
| 15599590
15837859
15793305
11499141
19703554
20090570
| 15888392
18313911
15644311
2633299

4155504

1591775

1590923

3256727
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Fig. S2. Sequence alignment of MscS homologs. This figure was prepared using ClustalX.



