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Purification, nanodisc reconstitution and hydrolytic activity of cF,F,. cFF, was purified
from market spinach and reconstituted into lipid nanodiscs (see Materials and Methods for
details). A, The cF,F, complex is intact and highly pure as demonstrated by two-dimensional gel
electrophoresis. The complex migrates at ~550 kDa in clear-native PAGE (Coomassie-stained).
SDS-PAGE in the second dimension (silver-stained) dissociates all cFF, subunits except the ci4-
ring that migrates above subunit a. The nanodisc protein MSP2N2 migrates at 45 kDa.
Molecular weights in kDa are indicated. B, The ADP-inhibited cF;F, complex shows only
residual hydrolytic activity in the mU/mg range and is insensitive to reduction by 5 mM TCEP
(1, 2). ATP hydrolysis is activated by addition of 0.1% (v/v) LDAO (3, 4). C, Clear-native
PAGE of cFF, treated with TCEP and LDAO for activity measurements in (B). LDAO partially
dissociates cF, from cF;. Activation of E. coli ATPase by LDAO is attributed to a change in the
interaction of € subunit with subunit § (69). Red boxes indicate samples 1-3 analyzed by second-



dimension SDS-PAGE in (D). D, cF,F, in sample 1 contains all F; and F, subunits (a, b, b> and
c14 ring). Samples 2 and 3 contain cF; subunits a, B, v, 6 and g, but not F,.
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Image quality and processing. A, Dose-fractionated movies were collected automatically in a
Titan Krios with a Falcon III direct electron detector. Drift between movie frames was corrected
by MotionCor2. cFF, particles are readily visible and evenly distributed. The FFT of most
images indicated signal to ~3 A. (B) Image processing strategy. (C) Selected 2D classes sorted
by ISAC. Classes show a wide distribution of equally populated orientations. (D) Plot of Euler
angle distribution for particles in conformation 1.
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Global and local resolution estimates. (A) 3D maps of rotary states in the three main particle
classes were reconstructed with Relion 2.1. In all three maps cF is better defined than cF,. Local
resolution anisotropy (red to green) was estimated with Relion 2.1. (B) Fourier shell correlation
(FSC). Resolution was determent for the complete reconstruction of conformations 1, 2 and 3.
Conformation 1 has the highest number of particles and attains an overall resolution of 3.15 A, as
estimated by FSC 0.143 (70). Particles in Class 2 and 3 were refined to 4.2 and 4.3 A resolution,
respectively. (C) FSC of masked cF; (red) and cF, (blue). For cF, reconstruction, the a3psye
signal was subtracted from the particle images to improve cF, alignment. Local resolution
anisotropy (red to green) was estimated with Relion 2.1. (D) FSC 0.143 resolution determination
of masked cF; and cF, as shown in (C). The average resolution of the masked cF; and cF,
reconstructions converged at 3.05 A and 3.38 A, respectively.
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Examples of atomic models built in the cryo-EM map. Examples of density and model are
shown for each subunit. The range of amino acids shown is indicated for each subunit.
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Fig. S5

Orientation of the c-ring. (A) Superimposed models for conformations 1, 2 and 3 aligned on
subunit a. Subunits abb 'ci4 are colored by conformation (1, green; 2, red; 3, blue). (B) Rotation
angles between conformations are indicated. (C) Cross-section of superimposed cF,
conformations as indicated in (A). c-ring subunit positions in conformations 1 and 2 are similar;
conformation 3 is offset by ~10°, corresponding to almost one half of a c-subunit.
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Nucleotide-binding sites in subunit prp and Bpp. (A) Mg-ADP in the Bpp site of B-subunit F
and (B) the Brp site of B-subunit D with adjacent residues fitted to the cryo-EM density filtered to
2.9 A. Mg ions (green) and coordinating water molecules (red) are resolved. The overlay of the
two models (C) shows significant differences in sidechain orientation of aArg366 and position of
BPhe441 (red dashed arrows). Interestingly, whereas as in other high-resolution cryo-EM
structures (71, 72) the carboxylate groups of most acidic sidechains are absent due to electron



irradiation, the sidechains of BAsp273 and BGlu208, which coordinate the water molecules, are
well-resolved. Carboxylates with good density in cryo-EM maps are usually involved in ligand
binding or strong salt bridges (73). Apparently, carboxylate groups in this chemical environment
are more resistant to radiation damage.

The F; nucleotide-binding sites are highly conserved throughout evolution; the o and 3 subunits
of cF; respectively share 58 and 67% sequence identity with their mitochondrial counterparts,
and the residues forming the nucleotide binding sites are identical (25). (D) In F, from bovine
mitochondria (PDB ID 1BMF) (28), the Bpp site contains ADP and is similar to cF;. (E) the Brp
site contains the inhibitor AMP-PNP that was added for crystallization. The residue equivalent to
aArg366 (aArg373) is oriented towards the y-phosphate. Similar changes in sidechain
conformation of this conserved arginine in the Brp site were observed in bovine F; when all five
sites were occupied by ADP (PDB ID 1WO0K) (74) and were taken to result from the absence of a
y-phosphate in the BTP site. ADP molecules and Mg ions, each with two coordinating water
molecules, are visible in both the Bpp (F) and the Brp site (G).
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Arrangement and conservation of the peripheral stalk in rotary ATPases. (A) Subunits b
and b' form a right-handed coiled coil. This arrangement is conserved in all rotary ATPases,
including the h-subunits of F-type ATP synthase from Escherichia coli (PDB ID 5TQ4) (/8) and
the heterodimeric outer stalk of the distantly related A/V-type ATPase from Thermus
thermophilus (PDB ID 3V6I) (32). (B) The peripheral stalk is attached to cF; by the subunit 6
(OSCP in mitochondria), the C-terminal domain of which consists of a mixed -sheet fold. This
fold is conserved in the C-terminal domain of the peripheral stalk subunit E of the 7.
thermophilus A-type ATPase. The N-terminus of E corresponds to b in cFF, (A). The N-
terminal domain of § is absent in A-type ATPases, which have a different architecture than FF,
with two EG peripheral stalks (75), supporting the notion that subunit ¢ ensures the attachment
of only one peripheral stalk to F;.
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cF-F, in lipid nanodiscs. The membrane scaffold protein (MSP; grey density) wraps around
and stabilizes the membrane-embedded cF, subcomplex. MSP forms a horizontal double belt of
a-helices that are well-defined at the c-ring/membrane interface but disordered near subunits a, b
and »'. Hydrophobicity of the c-ring is shown in the Kyte-Doolittle scale with colors ranging
from pink for the most hydrophilic to white at 0.0 to tan for the most hydrophobic (76). We see
no density for lipid molecules in the map.
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----STAAQVQSGATVNSLLLGIYRFWRSQAPMDKPHAPVD

— helix 3 3-4 loop helix 4 proline-rich region
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ILLPINILEDFTKPLSLSFRLFGNILADELVVVVLVS LVVPIPVMFLGLFTSGIQALIFATLAAAYIGESMEGHH
VLLPINVLEDFTKPLSLSFRLFGNILAEELVIAVLVL-========LVP=meeee——— LLIPVPVMILFLFTGAIQALIFSTLSAAYIGEALEGHGGGDHHD
ILLPINILEDFTKPLSLSFRLFGNVVADELVVGVLVL LFVPIPMMVLGLFLGSIQALIFATLAANYIAEAMEGH-GEEHHE
FMLPFKIIEDFTKPLSLSFRLFGNILADELVVGVLVL- —-LFVPLPVMALGLFTSAIQALIFATLAAAYIGEAMEDHHGEEGHEEHH
ILLPIAILEDFTKPLSLSFRLFGNILADELVVAVLVL- --LFVPLPVMALGLFTSAIQALVFATLAGAYIHEALEGH-GEEGHEEH
VLAVIELISYFVRPVSHSIRLAGNIMAGHAVIKVFAAFAAV: ~APVSVVAITAMYGLEVLVCLIQAYVFTILTCVYLKDALHPAH
VNLILEGVSLLSKPVSLGLRLFGNMYAGELIFILIAGLL-- ——-—-SOWILNVPWAIFHILIITLOAFIFMVLTIVYLSMASEEH
MLVIIETISLLIQPMALAVRLTANITAGHLLMHLIGSATLAMST--INL PSTLIIFTILILLTILEIAVALIQAYVFTLLVSLYLHDNT
MLVIIETISLFIQPMALAVRLTANITAGHLLIHLIGGATLALMS--IST---TTALITFTILILLTILEFAVAMIQAYVFTLLVSLYLHDNT
VLVIIELLSYIARALSLGLRLGSNILAGHLLLVILAGLILNFI-SISIFTFA-LGILPLSILLGIVALESAIAFIQAIVFTILTCSYIKDAIHLH
LLVIIETLSYFARAISLGLILGSIILAGILLMVILAGLTFNFM—LINLFTLV—FGFVPLAMILAIMMLIFAIGIIIGYVWAILTASYLKDAVYLH
VLVLIELLSYTARAVSLGLRLSANTLAGHLLLNILSSLIFTFM-SISYLTFG-IGILPLFGVFAIVGLEWVIGMIQAYVFSILTSSYIKDAVYLH
IFVPLETISYTFRAVSLGVILWV.MLAGITLLIILTGMALALPFSLGFFSMVPATFGVCCLLSALVGLIYLVAVLISGVFSILSTVYVGEFNHDKFIGPAAKIVKKIH
IFVPLETISYTFRAVSLGVRLWVNMLAGHTLLHILTGMALALPFSLSFFAMVPATFAVACLLSALVGLEYLVAVLQSGVFSILSTVYVGEFNSVKLAGPLAKVVKKAL
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Structure-based sequence alignment of ATP synthase subunit a. Sequences are from
chloroplasts (green font), cyanobacteria (cyan font), other bacteria (black font) and mitochondria

(orange font).

Yellow highlights mark membrane-embedded helices H1, H3/4 and H5/6 in

spinach chloroplasts (this work) or Polytomella (9) and yeast (/0) mitochondria. Amphipathic
surface helices are highlighted in green. Red highlight: strictly conserved arginine; purple and
cyan highlights, polar residues in the proton access and exit channels. Red font, negatively
charged residues (aspartate and glutamate); blue font, positively charged residues (lysine and
arginine); purple font, polar residues (asparagine, glutamine, serine, threonine, histidine).
Consensus: (*), strictly conserved; (:), highly conserved; (.), similar.
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Fig. S10

The lumenal proton entry channel. (A) Overview of cFF, with channel position indicated. (B)
View into the proton entry channel from the lumen as indicated in (A). Water-accessible cavities
at the subunit a/cj4-ring interface were mapped with HOLLOW (66). Residues of subunits a and

12



b within 3 A of the mapped channel are shown in surface representation. The entry channel is
formed by aH5 and aH6, the long aH3-aH4-loop and some subunit b residues. (C) View from
the membrane plane (slightly slanted, from the side of the c-ring) (top panel) and view
perpendicular to the membrane from the stroma (lower panel). Charged and polar residues
defining the aqueous channel (light red) are shown in stick representation. Strictly conserved
residues are labelled bold. The water-filled channel passes between the long aH5-aH6 hairpin at
residues Asp197 and Glu198 and ends at the conserved c-ring glutamate cGlu61. Amino acid
residues are colored according to subunit identity (subunit a, blue; subunit b, magenta). The
arrow indicates the direction of c-ring rotation in ATP synthesis mode, with the cE61 residues
(red) passing the aqueous channel.
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Fig. S11

The stromal proton exit channel. (A) Overview of cFF, indicating position of stromal proton
exit channel (red box). (B) View into the proton exit channel from the stroma. Water-accessible
cavities at the subunit a/c 4-ring interface were mapped with HOLLOW (66). Residues within 3
A of the mapped channel are shown in surface representation. The exit channel is formed by the

14



proline-rich loop between aH4-aHS5, aHS, aH6 and the c-ring. (C) View of the exit channel from
the c-ring. Charged and polar residues that form the mapped water-filled cavity (light blue) are
shown in stick representation. The cavity runs along the subunit a/c-ring interface and ends at the
strictly conserved aArgl189. Protonated c-ring glutamates rotating out of the hydrophobic lipid
phase enter the aqueous phase and deprotonate. Amino acid residues are colored according to
subunit identity (subunit a, blue; subunit ¢, pale yellow).
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Fig. S12

cFF, is not inhibited by subunit &. (A) Overview showing subunit ¢ (pink) next to subunit y
(blue). Subunits oF and BF are omitted for clarity. The red box indicates the ye rotor. (B)
Detailed side view (left) and top view (right) of the ye rotor within the F, head. The C-terminal
domain of subunit ¢ in spinach cFF, (pink) has two short a-helices forming a hairpin next to the
N-terminal antiparallel B-barrel. In bacteria, two C-terminal helices h1 and h2 of subunit €
(orange, PDB ID: 30AA (42) extend along the y-subunit rotor (77, 78), and inhibit ATP
hydrolysis through interaction of h2 and the hook domain with the DELSEED motif of subunit 3
(light green). In cF,F,, h1 and h2 cannot interact with subunit § and thus do not inhibit ATP
hydrolysis.
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Sequence alignment of ATP synthase subunit y. Comparison of sequences from chloroplasts

41
53
3s
53

162
173
156
173
172
122
122
122
122
122
122
122
135
135
145
134
137
144

220
23
214
23
230
180
180
180
180
180
180
180
193
193
205
192
195
200

286
297
280
297
296
237
237
237
237
237
237
237
220
220
233
219
225
237

A EREERDRIGS VN TOR I TEANALVANARVRRAQERVVNCREFSESLVEVEYSNE Qe 10
C~GLRELRERIDSVXNTQXITEAMXLVAAAXVRRAQEAVVNGRPFSESLVEVLYNINEQLQ 112
RCSLRELRTRIDSVANTQXITEAMXLVAAAKXVRRAQEAVVSSRPFSEALVEVLYNMNQEIQ 95
S~SLRELRDRIDSVENTQXITEAMXLVAAAKVRRAQEAVVNGRPFSETLVEVLYNINEQLQ 112
C~GLEKDLENRIDSVXNTQXITEAMXLVAAAKXVRRAQEAVVNGRPFSETLVEVLYSINEQLQ 111
MPNLEKFIRDRIQSVENTXXITEAMRLVAAAKVRRAQEQVIATRPFADALAQVLYNLONRLQ 61
MANLEAIRDRIQSVENTXXITEAMRLVAAARVRRAQEQVLATRPFADRLAQVLYGLQSRLR 61
MPNLEKSIRDRIQSVENTXXITEAMRLVAAARVRRAQEQVIATRPFADRLAQVLYGLQTRLR 61
MSNLEAIRDRIDSVENTXXITEAMRLVAAAKVRRAQEQVTATRPFADTLAQVLYGLONRLR 61
MPNLKGIRDRIQSVINTXXITEAMRLVAAAKVRRAQEQVTSTRPFANTLLQVLYCLXSRLR 61
MANLEKSIRDRIKSVENTXXITEAMRLVAAAKVRRAQEQVIATRPFADRLAQVLYGLQARLK 61
MANLEAIRDRIKTIXDTRXITEAMRLVAAAKVRRAQEQVMASRPFADRLAQVLYSLQTRLR 61
MAT ELXPARVYGVGSLALYEKAD 81
MATLEDITRRLKSIXNIQXITXSMEXMVAAAKYARAERELXPARIYCLGSLALYEKAD 81
A~ EREVENRLRSTRNIER TSRS HAEVASTRSKASKARISARRNDEACOBFYRSAS .= 90
MATLEMISIRLKSVENIQXITQSMEMVSAAKYARAERDLXAARPYGIGAQQFFEKTE - 82
MATLEDLKIRLCTVXTISXLTXTLHMVASSKLRSAEXXAEESGPYSVGPQRKVLCVVE~TAD 79
YASNQAVEKQRIRAIXNIGCXITXAMIMVAASKMKNAQIAVEQSRGLVDPFVRLFGD«~~ 91
[ ] *: 1112 *3®33328%22121 .y .

TEDVDVPLTKIRTVXXVALMVVTGDRGLCGC FNNUUNRANESRENBURRECVDYTIISIG 161

TEDIDVPLTKVRPVXXVALVVVTGDRGLCGGFNNNIIXXAESRIAELKELGLDYTVISVG 172
TEDIDLPLTRTRPVXXVALVVLTGERGLCGSFNNNVLXXAETRIDELKQLGLQYTVVSVG 155

TDDIDVPLTKIRPVXXVALVVVTGDRGLCCGFNNFIIXXSEARIKELQGLGLDYTVISVG 172
TDDIESPLTXKLRPVXXVALVVCTGDRGLCGGFNNAILXXAEARIAELKELGLEYTVVSVG 171
FGEVSLPLLTQREIXTVAVLVVIGDRGLCGCYNANVIXRTEQRIKELKSQGINYXLVLIG 121
FEEANLPLLKKRQV: LVISGDRGL YNNNVI I DYXFVLVG 121
FEDVDLPLLKK! LVI NTNVI ENRAKELKKECLDYTFVIVG 121
FEDVDLPLLXKEREVNTVALLVVT CGSYNASII QCINYTYITVG 121
LEEADLPLL KCVGLLVIT CCCYNANIIRXAEQRAKELAAACIDYXFVLVG 121
FEEADLPLLKK! L CCAYNTNVIRRAE A IGYQYVLVG 121
FEDVDLPLLAKRPVXTVALLVVTGDRGLCGGYNTNVIRRAXERIQELEAEGLKYTLVIVG 121

«====IKTPED~-XXXHLIIGVSSDRGLCCAFHESUAROMXSEAANLAAAGKEVKIIGVG 121
----- IRGPED--XXXHLLIGVSSDRGLCGAIESSIAXQMXSEVATLTAAGKEVMLVGIG 134
~XNLDVEATETG-APXELIVAITSDKGLCGS IHEQUARAVRREENDO - - - - PNADIVTIG 144
----- IQPDEXA-EPXXLLIAVTSDRGLCGAVETGVARLIRGELAQDEA-~~NTXVFCVG 133
AFNTATEPIEDR-SNXQLLI DTGMCGPVNEQIIXTIXALLKDDAK--QEILVSTTG 136
------- FPAVN-SNXSVVVAVISDRGLCGGLNSNITXYTRATLATTESECKDVVVVSIG 143
T e t T . -

12

PE--IPVDRYFDGTNLP T ARENONINDDVESUEWSEEVDKVEMLYTXFVS 219
KXGNTYFLRRPY -~ IPVDRFLEGTSLPTAKEAQAIADDVFSLFVSEEVDKVELLYTXFVS 230
KXGNAYFQRRPY~~IPLERDLEVSSVPT ICDLVYSLF VELLYSXFVS 213
KXGNSYFLRRPY -~ IPVDXYLEAGTLPTAKEAQAVADDVFSLFISEEVDKVELLYTXFVS 230
IPVDRFLEGGSLPTAKEAQTIADDVFSLFVSEEVDKVELLYTXFVS 229
PIQTXYTELSQIPSASEASTISDELLSLFLSETVDRVELIYTRFLS 179
PIDATYTGLEQIPTAAEANQIADQLLSLFLSEEVDRIELIYTRFVS 179
PIDASYTGLEQIPTAEEANKIADELLSLFLSERKVDRIELVYTRFVS 179
PISSTFYGLEQIPTAQDSQAIADELISLFFSNVVDRVELIYTRFVS 179
RXAVQYFQNRQA-~PIAXSYSGLEQIPSAAEASDIADELLSLFLAEEVDKIELIYTRFVS 179
RXATQYFQRREQ-~PIDASYVGIEQIPTADEASMIANELLSLFLSESVDRVELVYTRFVS 179
REAAQYFQRRDY--PIDAVYSGLEQIPSASEACQIASELLSLFLSETVDRVELIYTXFVS 179

ERTHSDQFLVTFXEVGRRPPTEODNSVENG=LLNS - -CYEFDEGSIIFNRFRS 192
DXIRGILYRTHSDQFLVAFXEVGRKPPTFCDASVIALELLNS~~GYEFDEGSIIFNXFRS 192
BN xLsINGIcxDAP T EOESADINDRONEU < NEHY PRISIFYNDPVS 204
DXSRAILSRLYCKNILMVANEVGRLPPTFLDASKIANEVLQT~~CYDYTEGKIVYNRFXS 191
LEGVAPIVADFPNQFLINGRDFGXADYSFPEVLLFLNEIISX~-~VPNYDSALVVYNXFXN 194
DXGRSQLTRIESQRYQLAIADTYXVRVTFCQASLIVEELIXH«~~«~NPQSYQILFNXFRS 199
- 1 1 T . T . tat. .

LVESDPVIETLLPLSF! INGKCVDAAEDELFRLTT TVERDMIKTETPAFSPILEFE~ 285
LVESDPVIETLLPLSPRGEICDINGVCV FRLTT! 'VERDVV! DFSPILQFE~ 296
LVRSDPIIQTLL ICDVNRGVCVY FRLTT TVEREKVKIETQPFSPVVQFE~ 279
LVKSEPVIHETLLPLSPXGEICDINGNCVDAAEDELFRLTTXEGXLTVERETFRTPTADFSPILQFE~ 296
LVESNPIIETLLPLSPXGE: EGXLTVERDVIRSXTVDFSPILQFE~ 29%
LISSKPVVQTLLPLTTXG~ Q v PQDMIFE~ 236
LVSSRPVIQTLLPLDFQG~ ~~LEACDDEIFRLTTRGGQFQVEREXKVTSQVRPLAPD! E~ 236
LVSSRPVIQTLLPLDTQG~ ««LEAADDEIFRLTTRGGQFEVERQTVTTQARPLPRDMIFE~ 236
LISSKPVIQTLLPLTFQG~ ««~LEVEDDEIFRLT Q TTPVADFPRDMIFE~ 236
LISSQPVIQTLLPLVPEA~ ~«~LTNPDDETFNLITRGGXFQVEREKVSTEVXELPADMIFE~ 236
LISSRPVIQTLLPLDFQG~ ~=~L IFRLTT QFQ’ PASTQALPQDMLFE~ 236
LISSKPVVQTLLPLDFQG~ «=LETADDEIFRLTTRASHLEVNREKVTSTLPALPPDMIFE~ 236
VISYXTEEXPIFSLDTIS-~ - - 219
VISYKTEEKPIFSLNTVA 219
SLSFEPSEXPIFNRGEE 232
VVSYQCSTLPIFSGSTVE- 218
ALSYSVDRQFIPGFNLLE- 224
AISFKPTVATILSPDLLE-~ ~-XQLEDVTGNSLDAYDIEAS 236
: ' .- ' e
Vo
QDPVQILDALLPLYLNSQILRALQESLASELAARMSANSNAT RRTLSIV ITGEILEIVAGANALV~
QDPVQILDALLPLYLNSQILRALQESLASELAARMSANSSATDNAIELREKNLSIAYNRQRQAXITGEILEIVAGADALAG

QDPVQILDALLPLYLNSQILRALQESLASELAARMSANSSASDNASDLKKSLSMVYNRXRQAXITGEILEIVAGANAQV-~~
QDPVQILDALLPLYLNSQILRPLQESLASELAARMSANSSAFDNASELKTDLTRVYNRATQAXITGEILEIVAGDIECIIW-
QDPVQILDSLLPLYLNNQLLRALQESAASELAARMTAMSSASDNAGELIKTLSLSYNXARQAAITQEILEVVAGANAL~

QDPVQILDALLPLYLNNQLLRALQEAAASELAARMTAMSNASDNAQALIGTLTLSYNXARQAAITQEILEVVAGAEALR
DAV LRNY BV 5L AN I¥ Y S LRSS TS E QS ARM TAMDNASXN ASENI DXL ILIFRRTROAVITRELIE I ISCAAALD
DIDADVLONYQEYNLANIIYYSLXESTTSEQSARMTAMDNASXNASEMIDKLTLTFNRTRQAVITKELIEIISGAAALD
DTDANYPROLEEYTLAN QUL TAMAQGYANE I SARANAMDNAS XNAGDM INRY SILYNATRQAVITNELVDIITCASS L
SLDSDVVKSYLEFSLASLIFYT! IDKLTLTFNRTRQAVITRELIEIISCAAALT
EDRAATMKDLSEFYLASSLWIGL ISQALGLOYNRARQAMITSELIEIVSGASAIESSD
HERSDVLRDLTEFHLGVTLYNAML A GKLTLDYN TITTELIEIIAGASALMDE-
' : [ (LT LN L P R | 1%1 ee ¢ pppppp

364
378
359
378
376
314
315
318
318
314
315
258
ERSY
311
297
271
306
317

(green font), cyanobacteria (cyan font) and mitochondria (orange font). Green, a-helices; yellow,
B-strands. Cyanobacteria and chloroplast y subunits have a ~30 residue regulatory insert in front

of the C-terminal a-helix (consensus in cyan); chloroplasts have nine more residues (consensus
in cyan) forming a B-hairpin with two conserved cysteines (red font) that can form a disulfide

bond. Consensus: (*), strictly conserved; (:), highly conserved; (.), similar.
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Table S1.
Cryo-EM data collection, refinement and validation statistics

Conformation 2  Conformation 3
(EMDB-4271) (EMDB-4272)
(PDB ID 6FKH) (PDB ID 6FKI)

Conformation 1
(EMDB-4270)
(PDB ID 6FKF)

Data collection and
processing

Electron microscope Titan Krios Titan Krios Titan Krios
Electron detector Falcon III Falcon III Falcon III
Magnification 75,000 75,000 75,000
Voltage (kV) 300 300 300
Electron exposure (e /A%) 25 25 25
Defocus range (um) 1.5-2.5 1.5-2.5 1.5-2.5
Pixel size (A) 1.053 1.053 1.053
Symmetry imposed Cl Cl Cl
Initial particle images (no.) 670,614 670,614 670,614
Final particle images (no.) 167,171 15,395 14,409
Map resolution (A) 3.1 4.2 4.3

FSC threshold 0.143 0.143 0.143
Map resolution range (A) 2.9-3.8 4-8 4-8
Map sharpening B factor -150 -163 -167
(A%
Model building and
refinement
Initial models used (PDB IKMH, 5HKK, 6FKF 6FKF
ID) 2RQ7,2A7U,

3C3V

Model composition

Protein chains 26

Protein residues 5201

Ligands 3 Mg-ATP,

2 Mg-ADP

R.m.s. deviations

Bond lengths (A) 0.017

Bond angles (°) 1.25
Ramachandran plot

Favored (%) 96.23

Disallowed (%) 0.08
Validation

MolProbity score 1.89

Clashscore 13.42

Poor rotamers (%) 0.29

EMRinger score 3.43
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