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ATPase CLASSIFICATION

® V-ATPases: located in vacuoles in eukaryotic cells.
® E-ATPases: located in the cellular surface

® P-ATPases: located in Dbacteria, organelles and
eukaryote plasmatic membranes

® F-ATPases: located in the mitochondria, chloroplast and
bacterial plasmatic membrane.

® A-ATPases: located in Archaea

—
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ATP hydrolysis

ATP synthesis



ATP SYNTHASE

inner membrane

cristae

F, F, complexes outer membrane

® Located in the mitochondrial membrane, matrix

chloroplasts and bacterial plasmatic membrane DNA

ribosomes intermembrane space

® 10nm diameter
® Almost 100% effectivity

® Two functional domains: F1 and Fo

. Protons pass )
Proton gradient ) F1 led
g through Fo ) couple ) ADP + P ATP




ATP SYNTHASE

inner membrane

outer membrane
matrix

DNA

ribosomes ntermembrane space

Protons pass
through Fo

Proton gradient F1 coupled ADP + P ATP
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YEAST F1-Fo ATP SYNTHASE
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YEAST F1-Fo ATP SYNTHASE: hydrophobicity
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Matrix regions

Membrane-embedded regions
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Polar residues = 1190 - Percentage: 54.5 A )(;\ 5

Nonpolar residues = 993 - Percentage: 45.5
Acidic residues = 270 - Percentage: 12.4

Basic residues = 259 - Percentage: 11.9

Basic residues with His = 286 - Percentage: 13.1

Total residues = 573

Polar residues = 225 - Percentage: 39.3

Nonpolar residues = 348 - Percentage: 60.7
Acidic residues = 24 - Percentage: 4.2

Basic residues = 42 - Percentage: 7.3

Basic residues with His = 55 - Percentage: 9.6




F1 ATP SYNTHASE

® BETA
® GAMMA
® DELTA




ALPHA AND BETA COMPLEX

® BETA




ALPHA AND BETA COMPLEX

ADP+Pi bind

DP

® BETA

ATP released

DP TP

ATP catalyzed




ALPHA AND BETA COMPLEX

Beta barrel
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Alpha helix bundle

® BETA




ALPHA AND BETA COMPLEX




510 aa \ ‘\ \ Beta barrel and alpha helix bundle
Catalytic head




ALPHA

Total residues = 510

Polar residues = 274 - Percentage: 53.7
Nonpolar residues = 236 - Percentage: 46.3
Acidic residues = 58 - Percentage: 11.4

Basic residues = 57 - Percentage: 11.2

Basic residues with His = 63 - Percentage: 12.4




Beta barrel and alpha helix bundle

Catalytic head




BETA

Total residues = 478

Polar residues = 252 - Percentage: 52.8
Nonpolar residues = 226 - Percentage: 47.3
Acidic residues = 63 - Percentage: 13.2

Basic residues = 48 - Percentage: 10

Basic residues with His = 55 - Percentage: 11.5




ALPHA-BETA INTERACTIONS

1.ALA51.AN LEU70.EO0 2.661A
2.GLYB69.EN ALA51.AO0 3.047A
3.LEU68.AN VAL16.EO 2.741A
4.VAL16.EN LEUG8.AO 2.718A




ALPHA-BETA INTERACTIONS

ARG72.EN HOH826.A0 2.876A
ARG 72.E NE HOH 826.A0 3.075A
ARG 72.E NH2 HOH 826.A0 3.852A

1. ARG 72.E NH2 LEU46.A0 2.910A
2. ARG 72.ENH2 GLY 45.A0 2.798 A
3. ARG 72.E NH1 GLU69.A0 2.866A




ARG 375.ANE GLU 193.E OE2 3.483A
ARG 375.A NH2 GLU 193.E OE1 4.064A
ARG 375.A NH2 GLU 193.E OE2 3.006A




ALPHA-BETA INTERACTIONS

ARG 190.ENE THR348.A0 3.228A



ALPHA-BETA INTERACTIONS

LYS 134.ANZ ASP 65.E OD1 2.761A
LYS 134.A NZ ASP 65.E OD2 3.033A
HOH 809.A0 LYS134.A0 2.754A



1. ASN 195.E ND2 ILE 138.A0 2.763A
2. ASN 195.E ND2 ARG 141.A0 3.088A




ALPHA-BETA INTERACTIONS
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ALPHA-BETA INTERACTIONS

GLN 50.ANE2 GLY69.EO 3.534A
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THR191.EN GLU 309.AOE1 3.038A
THR 191.E OG1 GLU 309.A OE1 2.730A



ALPHA-BETA INTERACTIONS



ALPHA-BETA INTERACTIONS (& % - |

LYS317.ANZ GLU 105.E OE1 3.863A




LIGAND INTERACTIONS

ALPHA BETA Types of interactions
- Arg375 - Lysl163 1. Hydrogen bonds

- Arg190 2. Salt bridges

- Gly162 3. lonic/electrostatic interactions
~ Only TP

- Gly160 -

- Arg260
— Only E

- Asn257 |

Nucleotide Phosphate interaction



NH2(Arg)-PO4 2,998A

NH2(Arg)-03G (ANP) 2,668A
NH2(Arg)-03G (ANP) 2,857A
NH2(Arg)-03G (ANP) 3,348A
NH2(Arg)-03G (ANP) 3,241A

LIGAND INTERACTIONS

aArg375

LA L -

TP




1.  OGI1(Thr)-O2B(ANP) 2,975A 6. OG1(Thr)-Mg 1,875A
LIGAND INTERACTIONS T

3. N(Thr)}-02B(ANP)3,260A g 0G1(Thr)-028 (ANP) 3,141A

4. 0OG1(Thr)-02B (ANP) 2,669A 9. N(Thr)-O2B (ANP) 3,220A

5. N(Thr)-028B (ANP) 3,024A

aThr178

_ e
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1. NZ(Lys)-OD2(Asp) 2,989A 7. NZ(Lys)-O(Gly) 2,934A
L I GAN D I N T E RACT' O N S 2. NZ(Lys)-O1G(ANP) 2,573A 8. NZ(Lys)-O(Gly) 3,237A
3. NZ(Lys)-O(Gly) 2,877A 9. NZ(Lys)-O1G(ANP) 2,842A
4.  NZ(Lys)-O1B(ANP) 2,715A 10. NZ(Lys)-O2G(ANP) 3,271A
%Ly3163 5. N(Lys)-O1B(ANP) 2,869A 11. NZ(Lys)-O1B(ANP) 2,650A
6.  N(Lys)-O1B(ANP) 3,206A
E TP
\
) vy
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LIGAND INTERACTIONS

3Arg190

NouswnN e

NH1(Arg)-O1(PO4) 2,826A
NH1(Arg)-O(Thr) 2,892A
NH2(Arg)-O3G(ANP) 2,971A
NH1(Arg)-O3G(ANP) 3,093A
NH1(Arg)-O2G(ANP) 3,059A
(
(

NH2(Arg)-O3G(ANP) 2,833A
NH1(Arg)-O3G(ANP) 3,030A



LIGAND INTERACTIONS . N orsiann 2.5a0k
3. N(Gly)-O1B(ANP) 3,165A

RGly162




LIGAND INTERACTIONS

3Thr164

No ok wbNe

0G1(Thr)-Mg 1,906A
0G1(Thr)-02G (ANP) 3,418A
OG1(Thr)-02B (ANP) 2,640A
N(Thr)-02B (ANP) 3,143A
N(Thr)-02B (ANP) 2,692A
0G1(Thr)-02B (ANP) 2,581A
0G1(Thr)-Mg 2,137A




1.  OE1(Glu)-Mg 2,709A

LIGAND INTERACTIONS

3Glu189




LIGAN D) INTERACT'ONS 1. N(Gly)-01G (ANP) 2,683A

RGly160




LIGAND INTERACTIONS . Neaoegroion sk

3Arg260
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LIGAND INTERACT'ONS 1. ND2(Asn)-04(PO4) 2,978A

RAsn257




CENTRAL STALK: y, 6 and € subunits

® DELTA
® GAMMA




EPSILON

N-ter /

/\ . — /

SIEE
Central stalk




EPSILON-DELTA




EPSILON-GAMMA




EPSILON

Total residues = 61

Polar residues = 33 - Percentage: 54.1
Nonpolar residues = 28 - Percentage: 45.9
Acidic residues = 3 - Percentage: 4.9

Basic residues = 7 - Percentage: 11.5

Basic residues with His = 7 - Percentage:
11.5




EPSILON

Hydrophobic pocket

Trp 3, Tyr 10 and Tyr 13



GAMMA

278 aa
Central stalk



GAMMA

Total residues = 278

Polar residues = 155 - Percentage: 55.8
Nonpolar residues = 123 - Percentage: 44.2
Acidic residues = 33 - Percentage: 11.9

Basic residues = 38 - Percentage: 13.7

Basic residues with His = 41 - Percentage: 14.7




GAMMA

Residues 9-13

The rotation angle of these
residues determinate the affinity
of the catalytic sites.



GAMMA

Affinity determining segments

QTN

Residues 5-9
(N-ter) and
256-265 (C-ter)




GAMMA-BETA INTERACTIONS

=~ y-subunit

Catch 2
(BE386-400)

Conserved acidic
region




GAMMA-BETA INTERACTIONS

Beta TP

LEU83.GN GLU395.FOE1 3.005A

w -



GAMMA-BETA INTERACTIONS

Beta DP

1.LYS81.G NZ GLU 395.D OE1 4.170A
2.LYS81.GNZ GLU 395.D OE2 3.759A

Catch 2
(386-400)



GAMMA-BETA INTERACTIONS



DELTA



DELTA

Total residues = 138

Polar residues = 72 - Percentage: 52.2
Nonpolar residues = 66 - Percentage: 47.8
Acidic residues = 16 - Percentage: 11.6

Basic residues = 10 - Percentage: 7.2

Basic residues with His = 12 - Percentage: 8.7
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SUBUNIT c: OLIGOMER

c-ring (10 monomers)



SUBUNIT c: MONOMER

/74 aa
Rotor, H+ transport
2 transmembrane helices
Highly polar Arg loop




SUBUNIT ¢

Total residues = 76

Polar residues = 27 - Percentage: 35.5
Nonpolar residues = 49 - Percentage: 64.5
Acidic residues = 2 - Percentage: 2.6

Basic residues = 3 - Percentage: 3.9

Basic residues with His = 3 - Percentage: 3.9




SUBUNIT a

6 helices



SUBUNIT a

Total residues = 249

Polar residues = 90 - Percentage: 36.1

Nonpolar residues = 159 - Percentage: 63.9
Acidic residues = 8 - Percentage: 3.2

Basic residues = 9 - Percentage: 3.6

Basic residues with His = 13 - Percentage: 5.2




PROTON FLUX

a

- viewed from IMS . viewed from matrix
% ARy e

H+
Matrix channel

IMS channel
H+

Guo, H., Bueler, S. and Rubinstein, J. (2017). Atomic model for the dimeric FOregion of mitochondrial ATP synthase. Science, 358(6365), pp.936-940




PROTON FLUX

subunit a

H+
Matrix channel

IMS channel
H+

Guo, H., Bueler, S. and Rubinstein, J. (2017). Atomic model for the dimeric FOregion of
mitochondrial ATP synthase. Science, 358(6365), pp.936-940




PROTON FLUX

Arg176 » Glu162/Asp244 » H+ Glu59(deprot)

Glu223 » H+ » Glu59(deprot) Rotation (36°) of the c-ring ~ Glu59(prot) » H+ » Arg176 M
= Matrix

= neutralization




SUBUNIT d
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173 aa
4 helices
Peripheral stalk
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SUBUNIT d

Total residues = 173

Polar residues = 105 - Percentage: 60.7
Nonpolar residues = 68 - Percentage: 39.3
Acidic residues = 26 - Percentage: 15

Basic residues = 29 - Percentage: 16.8

Basic residues with His = 31 - Percentage: 17.9




SUBUNIT b
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SUBUNIT b

Total residues = 209

Polar residues = 114 - Percentage: 54.5
Nonpolar residues = 95 - Percentage: 45.5
Acidic residues = 27 - Percentage: 12.9

Basic residues = 27 - Percentage: 12.9

Basic residues with His = 29 - Percentage: 13.9
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SUBUNIT OSCP
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4 195 aa
- Peripheral stalk
(\ 8 helices




SUBUNIT OSCP

Total residues = 195

Polar residues = 107 - Percentage: 54.9
Nonpolar residues = 88 - Percentage: 45.1
Acidic residues = 21 - Percentage: 10.8

Basic residues = 27 - Percentage: 13.8

Basic residues with His = 30 - Percentage: 15.4
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SUBUNIT f

95 aa
Supernumerary subunit

4 helices



SUBUNIT f

Total residues = 95

Polar residues = 46 - Percentage: 48.4
Nonpolar residues = 49 - Percentage: 51.6
Acidic residues = 5 - Percentage: 5.3

Basic residues = 13 - Percentage: 13.7

Basic residues with His = 19 - Percentage: 20




SUBUNIT 8
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SUBUNIT 8

Total residues = 48

Polar residues = 13 - Percentage: 27.1

Nonpolar residues = 35 - Percentage: 72.9
Acidic residues = 0 - Percentage: 0.0

Basic residues = 3 - Percentage: 6.25

Basic residues with His = 3 - Percentage: 6.25




SUBUNIT 8-SUBUNIT a INTERACTIONS

ILES.MN GLN3.LOE1 3.820A



SUBUNIT 8-SUBUNIT a INTERACTIONS | y

TYR39.LOH GLU 63.M OE2 2.417A
TYR39.LOH ASP 67.M OD2 2.986A




ARG42.LNE ILES3.MO 3.523A f%
ARGA42.LNH2 ILE53.MO  3.371A oA
f




PERIPHERAL STALK

® SUBUNITb
® SUBUNITh
® SUBUNITS
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SUBUNITs e and g
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- Subunit g -1
106 aa

Supernumerary subunit

Subunit e
49 aa
Supernumerary subunit
1 helix




SUBUNIT e

Davies, K., Anselmi, C., Wittig, I., Faraldo-Gomez, J. and Kuhlbrandt, W. (2012). Structure of the yeast FIFo-ATP synthase dimer and its role in shaping the
mitochondrial cristae. Proceedings of the National Academy of Sciences, 109(34), pp.13602-13607.




SUBUNIT i/j

fﬁ

£
.3

7
59 aa

Supernumerary subunit

1transmembrane helix




SUBUNIT i/j

Total residues = 59

Polar residues = 26 - Percentage: 44.1

Nonpolar residues = 33 - Percentage: 55.9
Acidic residues = 5 - Percentage: 8.5

Basic residues = 9 - Percentage: 15.3

Basic residues with His = 9 - Percentage: 15.3




SUBUNIT k

’ 28 aa

Supernumerary subunit
1transmembrane helix




SUBUNIT k

Total residues = 68

Polar residues = 36 - Percentage: 52.9
Nonpolar residues = 32 - Percentage: 47.1
Acidic residues = 8 - Percentage: 11.8

Basic residues = 10 - Percentage: 14.7

Basic residues with His = 13 - Percentage: 19.1
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Fo ATP SYNTHASE DIMER

viewed from matrix

unsharpened
segmented map

subunit k (monomer 1)
subunit e (monomer 2)

® SUBUNIT a

® SUBUNIT i/j

® SUBUNIT e
® SUBUNIT k

viewed from IMS

Guo, H., Bueler, S. and Rubinstein, J. (2017). Atomic model for the dimeric FOregion of mitochondrial ATP synthase. Science, 358(6365), pp.936-940



Fo ATP SYNTHASE DIMER
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STRUCTURE ALIGNMENT

1 TARGET

Saccharomyces cerevisiae

p TEMPLATES
3 SUPERIMPOSITION

STAMP: PDBtoSplitChain.pl + stamp.py

4 ALIGNMENT
Structural: HMMalign2 Sequence: Clustalw
5 ANALYSIS




SEQUENCE ALIGNMENT

1 TARGET
p. TEMPLATES

Psi-blast: 5 SwissProt + B. taurus + R. norvegicus

4

3 ALIGNMENT

Sequence: Clustalw

¥

4 ANALYSIS




F1. Alpha structural alignment

Sc:7.91 RMS: 1.09



F1. Alpha structural alignment

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_bruceti
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

G45L46 Q50 A51

ELVEF-SS----GVK
EMVEF-SS----GLK
TIIQI-QVspttFAA
ELLEF-PG- - - -GVL
EMVEF-SS- - - -GLK
ELLEF-EN----GVM
ELVEFVET----GVK

168 €69
PG-QVGIVLFGSDRLVKEGELVKRTGNIVDVPVGPGLLGRVVDALGNPID- -G
PD-NVGVVVFGNDKLIKEGDIVKRTGAIVDVPVGEELLGRVVDALGNAID- -G
DgRIGIILMDNITEVQSGQKVMATGQLLHIPVGAGVLGKVVNPLGHEVPVS -
H-SVGAVILGEFEKIEEGQQVKRTGEVLSVPVGDAFLGRVVNPLGQPID- -G
PD-NVGVVVFGNDKLIKEGDIVKRTGAIVDVPVGDELLGRVVDALGNAID- -G
D-NVGVVILGPYTEIREGTQVKRTGRIMEVPVGEALLGRVVNPLGQPLD--G
D-NVGIIILGEYKDIKEGHTVRRLKRITEVPVGEELLGRVVNPLGEPLD--G
K134 1138 R141 S143 T178

KGPIDAAGRSRAQVKIAPQIIL ARRISVHEPVQTGLKAVDALVPIGRGQRELIIGDRQTGK]
KGPIGSKARRRVG PQIIPR[IISVREPMQTGIKAVDSLVPIGRGQRELIIGDRQTGK
------- TLGKVD P PVNYNLLTGFKAVDTMIPIGRGQRELIVGDRQTGK]
QGDIAAETRRALE P ISVSEPLQTGIKAIDAMTPIGRGQRQLIIGDRKTG

KGPVGSKIRRRVG PQII /REPMQTGIKAVDSLVPIGRGQRELIIGDRQTGK]
RGPIETAEYRPIE P VJHEPLQTGIKAIDSMIPIGRGQRELIIGDRQTGK]
KGPINAKNFRPIEIKIAP! quPEVDTPLQTGIKAIDS-IPIGRGQRELIIGDRQTGK

VALDTILNQKRWNNGSDESKKLYCVYVAVGQKRSTVAQLVQTLEQHDAMKYSIIVAATAS
IAIDTIINQKRFNDGTDEKKKLYCIYVAIGQKRSTVAQLVKRLTDADAMKYTIVVSATAS
IAVSTIINQVRINQQILSKNAVISIYVSIGQRCSNVARIHRLLQSYGALRYTTVMAATAA

VCVDTILNQ-R===<-====== VRCVYVAIGQKGTTIASVKRALEEGGAMEYTTIVAAPAS
IAIDTIINQKRFNDGTDEKKKLYCIYVAIGQKRSTVAQLVKRLTDADAMKYTIVVSATAS
IAIDTIINQKGQ-~-~--~-~~-~ DVICIYVAIGQKQSTVAGVVETLRQHDALDYTIVVTASAS
IAIDTIINQKGQ-------~ GVYCIYVAIGQKKSAIARIIDKLRQYGA-EYTTVVVASAS

EAAPLQYLAPFTAASIGEWFRDNGKHALIVYDDLSKQAVAYRQLSLLLRRPPGREAYPGD
DAAPLQYLAPYSGCSMGEYFRDNGKHALIIYDDLSKQAVAYRQMSLLLRRPPGREAYPGD
EPAGLQYLAPYAGVTMGEYFMNRGRHCLCVYDDLSKQAVAYRQISLLLRRPPGREAYPGD
DAAGFKWLAPYTGSAIGQHWMYNGKHVLIVFDDLSKQADAYRAISLLLRRPPGREAFPGD
DAAPLQYLAPYSGCSMGEYFRDNGKHALITYDDLSKQAVAYRQMSLLLRRPPGREAYPGD
EPAPLLYLAPYAGCAMGEYFMYKGKHALVVYDDLSKQAAAYRELSLLLRRPPGREAYPGD
DPASLQYIAPYAGCA-GEYFAYSGRDALVVYDDLSKHAVAYRQLSLL -RRPPGREAYPGD

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp
Thermotoga_maritima

S305 E309 K317 T348 D349
VFYLI LUERAAKLSEREGSGSLTALPVIETQGGDVSAYIPTNVISI[TOGQIFLEAELF
VFYL LUERAAKMNDAFGGGSLTALPVIETQAGDVSAYIPTNVISITDIGQIFLETELF
VFYL LUERAAMLSPIGKGGGSVTALPIVETLSNDVTAYIVTNVISI[TDGQIYLDTKLF
VFYLI LUERCAKLSDIEL GGGSMTGLPIIETKANDISAFIPTNVISI QCFLESDLF
VFYLI LUERAAKMNDISFGGGSLTALPVIETQAGDVSAYIPTNVISI QIFLETELF
VFYL LUERAAKLSDIEKGGGSLTALPFIETQAGDVSAYIPTNVISI[TDIGQIFLESDLF
IFYL LUERAVRLNDKIL GGGSLTALPIVETQANDISAYIPTNVISITDGQIYLEPGLF

R375
YKGIRPAINVGLSVSRVGSAAQVKALKQVAGSLKLFLAQYREVAA-FA-Q-S-DLDASTK
YKGIRPAINVGLSVSRVGSAAQTRAMKQVAGTMKLELAQYREVAA-FA-QFGSDLDAATQ

TGGQRPAVNIGLSVSRVGSSAQNAAMKGVAGKLKGILAEYRKLAA-D-------- VvQ--T
NQGVRPAINVGVSVSRVGGAAQIKAMKEVAGSLRLDLSQYRELEA-FAaFAS-DLDAASK
YKGIRPAINVGLSVSRVGSAAQTRAMKQVAGTMKLELAQYR--EA--~~---=cunuux TQ

YSGVRPAVNVGISVSRVGGAAQIKAMKKVAGTLRLDLAQYRELQA-FA-QFGSDLDKATQ
YAGQRPAINVGLSVSRVGGSAQIKA-KQVAG-LRIDLAQYRELET-FA-QFAtELDPATR

QTLVRGERLTQLLKQNQYSPLATEEQVPLIYAGVNGHLDGIELSRIGEFESSFLSY----
QLLSRGVRLTELLKQGQYSPMAIEEQVAVIYAGVRGYLDKLEPSKITKFENAFLSH- - - -
IPMIRGARFVALFNQ-KQ-PSYFMNAIVSLYACLNGYLDDVKVQYVKFYEYLLVHRDLGI
AQLDRGARLVELLKQPQYSPLAVEEQVVAIFLGTQGHLDSVPVEDVQRFESELLEH- - -~
QLLSRGVRLTELLKQGQYSPMAIEEQVAVIYAGVRGYLDKLEPSKITKFESAFLSH- - - -
AKLNRGERTVEILKQDEHKPMPVEEQVISIYAVTNGFMDDIPVEDVRRFEEELLSF----
AQIIRGQRL -ELLKQEQYSP-PVEEQVVVLFAGVRGYLDDLPVEEVRRFEKEFLRF- -~ -

VISQHQALLGKIRTDGKI - SEESDAKLKEIVTNFLAG- - --FEA
MYGTAKNKFFYMY - VQELNYLIRFF-TLNSPILHGELEEMLKQHTHLFLQHYQSkmnaik
- - --VKASHSDIFDGIRETKKL - SEEAEEKLVSVINEFKKG- - - - FXXXXXXXX
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F1:. Alpha

Trypanosoma_brucei_subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha
Rattus_norvegicus_subunit_alpha
Mycobacterium_smegmatis subunit_alpha
Baccillus_sp_subunit_alpha
Thermotoga maritima subun1t _alpha

Trypanosoma_brucei_subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha
Rattus_norvegicus_subunit_alpha
Mycobacterium_smegmatis_subunit alpha
Baccillus_sp_subunit alpha
Thermotoga maritima subunit_alpha

Trypanosoma_brucei subunit alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit alpha

Rattus norvegicus_subunit alpha
Mycobacterium_smegmatis subunit alpha
Baccillus_sp_subunit alpha

Thermotoga maritima_subunit_alpha

Trypanosoma_brucei subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit alpha

Rattus norvegicus subunit _alpha
Mycobacterium_smegmatis subunit_alpha
Baccillus_sp_subunit_alpha
Thermotoga maritima_subunit_alpha

Trypanosoma_brucei subunit alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha
Rattus_norvegicus subunit alpha
Mycobacterium smegmatis_subunit_alpha
Baccillus_sp_subunit alpha

Thermotoga _maritima_subunit_alpha

G45 L46

------------ MSIRPEEISALIKKQIENYEADLEVVEVGTVIQVGDGIARV- - -
MGSDKIHHHHHHLRINPGEITKVLEEKIKSFEEKIDLEDTGKVIQVGDGIARA- - -

- o >
Q50 A51 168 E69 .

IGIILMDNITEVQSGQKVMATGQLLHIPVG
-GQVGIVLFGSDRLVKEGELVKRTGNIVDVPVG
-DNVGVVVFGNDKLIKEGDIVKRTGAIVDVPVG
-DNVGYVVFGNDKLIKEGDIVKRTGAIVDVPVG
-HSVGAVILGEFEKIEEGQQVKRTGEVLSVPVG
-DNVGVVILGPYTEIREGTQVKRTGRIMEVPVG
DNVGIIILGEYKDIKEGHTVRRLKRIIEVFVG
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K134 1138 R141 S143
AGVLGKVVNPLGHEVPVGLVTRSRRLLDSTLGKVDT|JAPNIVSRISPVNYNLLTGFKAVDT
PGLLGRVVDALGNPIDGK - - - - - GPIDAAGRSRAQVIMAPGIILPRREIVHEPVQTGLKAVDA
EELLGRVVDALGNAIDGK - - - - - GPIGSKARRRVGLIMAPGL|IPRIISIVREPMQTGIKAVDS
DELLGRVVDALGNAIDGK - - - - - GPVGSKIRRRVGLIMAPGIILPRIKVREPMQTGIKAVDS
DAFLGRVVNPLGQPIDGQ- - - - - GDIAAETRRALELQAPSIVQ| SEPLQTGIKAIDA
EALLGRVVNPLGQPLDGR- - - - - GPIETAEYRPIESPAPG) HEPLQTGIKAIDS
EELLGRVVNPLGEPLDGK - - - - - GPINAKNFRPIEIAPG| VBKEVDTPLOTGIKAIDS

SRR wn ToeE R

T178

MIPIGRGQRELIVGDRQTGKTSIAVSTIINQVRINQQILSKNAVISIYVSIGQRCSNVAR
LVPIGRGQRELIIGDRQTGKTAVALDTILNQKRWNNGSDESKKLYCVYVAVGQKRSTVAQ
LVPIGRGQRELIIGDRQTGHTSIAIDTIINQKRFNDGTDEKKKLYCIYVAIGQKRSTVAQ
LVPIGRGQRELITGDRQTGKTSIAIDTIINQKRFNDGTDEKKKLYCIYVAIGQKRSTVAQ
MTPIGRGQROLIIGDRKTGKTAVCVDTILNQREAWLTGDPKQQVRCVYVAIGQKGTTIAS
MIPIGRGQRELITGDRQTGKTTIAIDTIINQK-------- GODVICIYVAIGQKQSTVAG
MIPIGRGQRELIIGDRQTGKTAIAIDTIINQK-------- GQGVYCIYVAIGQKKSAIAR
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THRLLOSYGALRYTTVMAATAAEPAGLQYLAPYAGVTMGEYFMNRGRHCLCVYDDLSKQA
LVQTLEQHDAMKYSITVAATASEAAPLQYLAPFTAASIGEWFRDNGKHALIVYDDLSKQA
LVKRLTDADAMKYTIVVSATASDAAPLQYLAPYSGCSMGEYFRDNGKHALIIYDDLSKQA
LVKRLTDADAMKYTIVVSATASDAAPLQYLAPYSGCSMGEYFRDNGKHALIIYDDLSKQA
VKRALEEGGAMEYTTIVAAPASDAAGFKWLAPYTGSAIGQHWMYNGKHVLIVFDDLSKQA
VVETLRQHDALDYTIVVTASASEPAPLLYLAPYAGCAMGEYFMYKGKHALVVYDDLSKQA
IIDKLROYGAHEYTTVVVASASDPASLOYIAPYAG(AHGEYFAYSGRDALVVYDDLSKHA
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F1:. Alpha

Trypanosoma_brucei subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha

Rattus norvegicus subunit_alpha
Mycobacterium smegmatis subunit alpha
Baccillus_sp subunit alpha
Thermotoga maritima subunit_alpha

Trypanosoma_brucei_subunit_alpha
Saccharomyces cerevisiae subunit_alpha
Bos_taurus_subunit_alpha
Rattus_norvegicus subunit_alpha
Mycobacterium smegmatis subunit alpha
Baccillus_sp_subunit _alpha
Thermotoga maritima subunit alpha

Trypanosoma_brucei subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha

Rattus norvegicus subunit alpha
Mycobacterium_smegmatis subunit alpha
Baccillus_sp_subunit alpha
Thermotoga maritima subunit alpha

Trypanosoma_brucei subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit alpha
Rattus_norvegicus_subunit_alpha
Mycobacterium_smegmatis_subunit_alpha
Baccillus_sp subunit_alpha

Thermotoga maritima_subunit_alpha

Trypanosoma_brucei subunit_alpha
Saccharomyces cerevisiae subunit alpha
Bos_taurus_subunit_alpha
Rattus_norvegicus_subunit_alpha
Mycobacterium_smegmatis subunit alpha
Baccillus_sp subunit alpha
Thermotoga maritima subunit alpha

S305 E309 K317

VAYRQISLLLRRPPGREAYPGDVFY! L LSPKGGGSVTALPIVETLSNDVT
VAYRQLSLLLRRPPGREAYPGDVFY! L] LSEKEGSGSLTALPVIETQGGDVS
VAYRQMSLLLRRPPGREAYPGDVFY! L FGGGSLTALPVIETQAGDVS
VAYRQMSLLLRRPPGREAYPGDVFY L GGGSLTALPVIETQAGDVS
DAYRAISLLLRRPPGREAFPGDVFY! LFRCAKLSDELGGGSMTGLPIIETKANDIS
AAYRELSLLLRRPPGREAYPGDVFY L LSDEKGGGSLTALPFIETQAGDVS
VAYRQLSLLMRRPPGREAYPGDIFY! L VRLNDELGGGSLTALPIVETOANDIS

s : : - S S b

AYIVTINVISITDRQIYLDTKLFTGGQRPAVNIGLSVSRVGSSAQNAAMKGVAGKLKGILA
AYIPTNVISITDQIFLEAELFYKGIRPAINVGLSVSRVGSAAQVKALKQVAGSLKLFLA
AYIPTNVISITDFQIFLETELFYKGIRPAINVGLSVSRIGSAAQTRAMKQVAGTMKLELA
AYIPTNVISITDRQIFLETELFYKGIRPAINVGLSVSRYGSAAQTRAMKQVAGTMKLELA
AFIPTNVISITORQCFLESDLFNQGVRPAINVGVSVSRYGGAAQIKAMKEVAGSLRLDLS
70|
LD

AYIPTNVISI[TDEQIFLESDLFYSGVRPAVNVGISVSRYGGAAQIKAMKKVAGTLRLDLA
AYIPTNVISITDGQIYLEPGLFYAGQRPAINVGLSV! VGGSAOIKAMKOVAGHLRIDLA

EYRKLAADSVGGQQV - - - QTIPMIRGARFVALFNQKQP - - SYFMNAIVSLYACLNGYLDD
OYREVAAFAOFGSDLDASTKO?LVRGERLTOLLKONOYSPLATEEOVPLIYAGVNGHLDG
QYREVAAFAQFGSDLDAATQQLLSRGVRLTELLKQGQYSPMAIEEQVAVIYAGVRGYLDK
QYREVAAFAQFGSDLDAATQQLLSRGVRLTELLKQGQYSPMAIEEQVAVIYAGVRGYLDK
QYRELEAFAAFASDLDAASKAQLDRGARLVELLKQPQYSPLAVEEQVVAIFLGTQGHLDS
QYRELQAFAQFGSDLDKATQAKLNRGERTVEILKQDEHKPMPVEEQVISIYAVTNGFMDD
OYRELETFAOFATELDPATRAOIIRGORLHELLKOEOYSPHPVEEOVVVLFAGVRGYLDD

. ome . .

VKVQYVKFYEYLLVHRDLGIMYGTAKNKFFYMYVQELNYLIRFFTLNSPILHGELEEMLK

TELSRIGEFESSFLSYLKS--- - - NHNELL - - - - - - - - TEIR- - - - EKGELSKELLASLK
LEPSKITKFENAFLSHVIS- - - - - QHQALL - - - - --- GKIR- - - - TDGKISEESDAKLK
LEPSKITKFESAFLSHVVS - - - - - QHQSLL-------- GNIR- - - - TDGKISEQSDAKLK
VPVEDVQRFESELLEHVKA- - - - - SHSDIF-------- DGIR- - - -ETKKLSEEAEEKLY
IPVEDVRRFEEELLSFMRA- - - - - NKDSLL-------- DHIR- - - -QTGELPDT - -KELD
LPVEEVRRFEKEFLRFMHE - - - - - KHQDIL-------- DDIK- - - - TKKELTSETEEKLK
QHTHLFLOHYQSKMNATKSE - KDVKAL - - - - - KNLLYSCKRAV- - - - 560
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F1. Beta structural alignment

Sc: 8.88 RMS: 1.18



F1. Beta structural alignment

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

16
AVIGAIVDVHFEQSELPAILNALEIK-T--PQGKLVLEVAQHLGEN
'AVIGAVVDVQFDE-GLPPILNALEVQ-G--RETRLVLEVAQHLGES
QVIGAVVDVHFAD- GVPPVLTALDVVAKLgRDEPLTLEIVQHLDAH
RITGPVVDVEFPRGSVPELFNALHAE-I--TK-TLTLEVAQHLGDS
/AVIGAVVDVQFDE-GLPPILNALEVQ-G--RESRLVLEVAQHLGES
IQVMGPVVDIQFESGQLPDIYNAITIErP--QGGTLTVEAAVHLGDN

D65 G69 L70 R72

TVRTI GT! [GEKVLDTGGPISVPVGRETLGRIINVIGEPIDERGP - IKSKLRKP
TVRTI GTI [GQKVLDSGAPIRIPVGPETLGRIMNVIGEPIDERGP - IKTKQFAA
TGRCI TTI [KAKVVSTGGNISVPVGRETLGRIFNVLGDAIDQRGP -VGEKLRMP
LVRCISM(PTI GVEVTDTGASISVPVGDGVKGHVFNALGDCLD---DE----- HWS
TVRTI GTI [GOKVLDSGAPIKIPVGPETLGRIMNVIGEPIDERGP - IKTKQFAP
VVRCV, ST [GLEAVDTGAPISVPVGKATLGRVFNVLGEPIDEQGE -VNAEERHP

G160 G162 K163 T164
IHADPPSFAEQSTSAEILETGIKVVDLLAPYARGGKIGLFGGA| KTWFIQELINNIAK
THAEAPEFVEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGA| KTWLIMELINNVAK
IHAVAPKLADQAAEDAVLTTGIKVIDLILPYCKGGKIGLFGGA| KTWIIMELINNVAK
IHRKPPAFSDLEPRTEMLETGLKVVDLLTPYVRGGKIALFGGA| KTWVLIQEMINRIAR
THAEAPEFIEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGA| KTMLIMELINNVAK
IHRPAPEFEELSTADEILETGIKVIDLLAPYAKGGKIGLFGGA| KTMLIQELINNVAQ

E189 R190 Tlgl R192 E193 N195 D196 2
AHGGFSVFTGV DLYREMKETGVINLEGE - SKVALVFGQ EPPGARARVALT
! DLYHEMIESGVINLKDATSKVALVYGQMNEPPGARARVALT

AHGGYSVFAGV

GHGGFSVFAGV DILYLEMMQSKVIDLKGE - SKCVLVYGQMNEPPGARARVAQS
NFGGTSVFAGV DLWVELADANVL------ KDTALVFGQMDEPPGTRMRVALS
AHGGYSVFAGV DLYHEMIESGVINLKDATSKVALVYGQMNEPPGARARVALT
EHGGLSVFAGV DLYHEMKDSGVI------ SKTSMVFGQMNEPPGARLRVALT

7

N 60
GLTIAEYFRDEEGQDVLLFII TQAGSEVSALLGRIPSAVGYQPTLATDMGLLQER

GLTVAEYFRDQEGQDVLLFI TQAGSEVSALLGRIPSAVGYQPTLATDMGTMQER
ALTMAEYFRDVEGQDVLLFI TQANSEVSALLGRIPAAVGYQPTLAEDLGQLQER
ALTMAEFFRDEQGQDVLLFII TQAGSEVSTLLGRMPSAVGYQPTLADEMGELQER
GLTVAEYFRDQEGQDVLLFI TQAGSEVSALLGRIPSAVGYQPTLATDMGTMQER
GLTMAEYFRDREGQDVLLFII TQAGSEVSALLGRMPSAVGYQPTLATEMGQLQER

ITTTKKGSVTSVQAVYVPADDLTDPAPATTFAHLDATTVLSRGISELGIYPAVDPLDSKS
ITTTKKGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAIAELGIYPAVDPLDSTS
ITSTTKGSITSVQAVYVPADDITDPAPATTFSHLDATTVLDRAVAESGIYPAVNPLECAS
ITSTRGRSITSMQAVYVPADDYTDPAPATTFAHLDATTELSRAVFSKGIFPAVDPLASSS
ITTTKKGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAIAELGIYPAVDPLDSTS
ITSTKKGSITSIQAIYVPADDYTDPAPATTFAHLDATTNLERKLAEMGIYPAVDPLASTS

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Rattus_norvegicus
Bacillus_sp

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
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Rattus_norvegicus
Bacillus_sp
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Saccharomyces_cerevisiae
Bos_taurus
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Saccharomyces_cerevisiae
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Saccharomyces_cerevisiae
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Bacillus_sp

AHGGFSVFTGVGERTREGNDLYREMKETGVINLEGE - SKVALVFGQMNEPPGARARVALT
AHGGYSVFAGVGERTREGNDLYHEMIESGVINLKDAtSKVALVYGQMNEPPGARARVALT
GHGGFSVFAGVGERTREGTDLYLEMMQSKVIDLKGE - SKCVLVYGQMNEPPGARARVAQS

NFGGTSVFAGVGERTREGNDLWVELADANVL ------ KDTALVFGQMDEPPGTRMRVALS
AHGGYSVFAGVGERTREGNDLYHEMIESGVINLKDAtSKVALVYGQMNEPPGARARVALT
EHGGLSVFAGVGERTREGNDLYHEMKDSGVI------ SKTSMVFGQMNEPPGARLRVALT

GLTIAEYFRDEEGQDVLLFIDNIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGLLQER
GLTVAEYFRDQEGQDVLLFIDNIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGTMQER
ALTMAEYFRDVEGQDVLLFIDNIFRFTQANSEVSALLGRIPAAVGYQPTLAEDLGQLQER
ALTMAEFFRDEQGQDVLLFIDNIFRFTQAGSEVSTLLGRMPSAVGYQPTLADEMGELQER
GLTVAEYFRDQEGQDVLLFIDNIFRFTQAGSEVSALLGRIPSAVGYQPTLATDMGTMQER
GLTMAEYFRDREGQDVLLFIDNIFRFTQAGSEVSALLGRMPSAVGYQPTLATEMGQLQER

ITTTKKGSVTSVQAVYVPADDLTDPAPATTFAHLDATTVLSRGISELGIYPAVDPLDSKS
ITTTKKGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAIAELGIYPAVDPLDSTS
ITSTTKGSITSVQAVYVPADDITDPAPATTFSHLDATTVLDRAVAESGIYPAVNPLECAS
ITSTRGRSITSMQAVYVPADDYTDPAPATTFAHLDATTELSRAVFSKGIFPAVDPLASSS
ITTTKKGSITSVQAIYVPADDLTDPAPATTFAHLDATTVLSRAIAELGIYPAVDPLDSTS
ITSTKKGSITSIQAIYVPADDYTDPAPATTFAHLDATTNLERKLAEMGIYPAVDPLASTS
Res 384-400

TITATLGMDELSEQDKLTVERARKIQRFL
ITAILGMDELSEEDKLTVSRARKIQRFL

RLLDAAVVGQEHYDVASKVQETLQT - YKSL
RIMDPNIVGSEHYDVARGVQKILQD- YKSL|
RIMDPDVISVDHYNVAQDVVQMLTK- YRELQDITAVLGIDELSEEDKLIVDRARKLVKFL
TILDPAIVGDEHYRVAQEVIRILQR-YKDLQOIIAILGIDELSEEDKQLVNRARRIERFL
RIMDPNIVGSEHYDVARGVQKILQE- -~ -~ [-=======zzzun- DKLTVSRARKIQRFL
RILSPAVVGEEHYRVARGVQQVLQR - YNDLQDIIAILGMDELSDEDKLIVARARKIQRFL

SQPFAVAEVFTGIPGKLVRLKDTVASFKAVLEGKYDNIPEHAFYMVGGIEDVVAKAEKLA
SQPFQVAEVFTGHLGKLVPLKETIKGFQQILAGEYDHLPEQAFYMVGPIEEAVAKADKLA
SQPFQVAEVFTGMTGHYVQLDDTIDSFSGLLMGTYDQVPEMAFYMVGGINSVLEKAKKMA
SQNMMAAEQFTGQPGSTVPLKETIEAFDKLTKGEFDHLPEQAFFLIGGLDDLAKKAESL -
SQPFQVAEVFTGHMGKLVPLKETIKGFQQILAGDYDHLPEQAFYMVGPIEEAVAKADKLA
SQPFHVAEQF TGMPGKYVPVKETVRGFKEILEGKHDNLPEEAFYMVGTIDEAVEKAKKL -
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F1. Beta

Mycobacterium_smegmatis_subunit_beta
Trypanosoma_brucei subunit beta
Bacillus sp subunit beta
Saccharomyces cerevisiae subunit _beta
Bos_taurus_subunit beta
Rattus_norvegicus subunit_beta

Mycobacterium_smegmatis subunit beta
Trypanosoma_bruceil subunit beta
Bacillus_sp subunit beta
Saccharomyces cerevisize subunit beta
Bos_taurus_subunit_beta

Rattus norvegicus subunit beta

Mycobacterium_smegmatis_subunit_beta
Trypanosoma_brucel subunit_beta
Bacillus_sp_subunit beta
Saccharomyces cerevisize subunit beta
Bos_taurus_subunit beta
Rattus_norvegicus_subunit_beta

Mycobacterium_smegmatis_subunit_beta
Trypanosoma_brucei subunit beta
Bacillus_sp subunit beta
Saccharomyces cerevisiae subunit _beta
Bos_taurus_subunit beta
Rattus_norvegicus subunit_beta

Mycobacterium_smegmatis subunit beta
Trypanosoma_brucei subunit beta
Bacillus_sp_subunit beta
Saccharomyces _cerevisiae subunit_beta
Bos_taurus_subunit_beta

Rattus norvegicus subunit beta

V16
————— MTATAEKTAGR\VRITGPVVDVEFPRGSVPELFNALHAEITFGALAKTLTLEVAQ
-ASTAPVADHKGRVGHMSOVIGAVVDVHFAD - GVPPVLTALDVVDKLGR - DEPLTLEIVQ
----------- MNKGRIITQVMGPVVDIQFESGOLPDIYNAITIERPQG- - -GTLTVEAAV
-- - -ASAAQSTPTTGKMTAVIGAIVDVHFEQSELPATLNALEIKTPQG- - - -KLVLEVAQ
AADASPSPHAGATTGRIIVAVIGAVVDVOFDE-GLPPILNALEVQGRET - - - -RLVLEVAQ
----SAAPKAGTATGU A?IGA??DVQFDE GLPPILHALEVUGRES----HLULEU#B

D65 Gb9L7T0RT2 © E105

HLGDSLVRCI I VEVTDTGASISVPVGDGVKGHVFNALGDCLDDPGYGKDF
HLDAHTGRCIAMOTT STGGNISVPVGRETLGRIFNVLGDAIDRGPVGEK
HLGDNVVRCVAMASTD) LEAVDTGAPTSVPVGKATLGRVFNVLGEPIDIEIGEVNAE
HLGENTVRTIAMDGTH EKVLDTGGPISVPVGRETLGRIINVIGEPIDERGPIKSK

G G G

HLGESTVRTIAMDIGTH QKVLDSGAPIRIPVGPETLGRIMNVIGEPIDERGPIKTK
HLEEST?RT] GTH ﬂK?LDSGAPIK[PVGPETLGRIHNHIGEPI GPIKTK
- o - I:.61666162K163T164
EHWSTHRKPPAFSDLEPRTEMLETGLKVVDLLTPYVRGGKTALFGGA LIQEMIN
LRMPTHAVAPKLADQAAEDAVLTTGIKVIDLILPYCKGGKIGLFGGA IIMELIN
ERHPTHRPAPEFEELSTADEILETGIKVIDLLAPYAKGGKIGLFGGA| LIQELIN
LRKPTHADPPSFAEQSTSAEILETGIKVVDLLAPYARGGKIGLFGGA FIQELIN
QFAATHAEAPEFVEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGA LIMELIN
(QFAPTHAEAPEFTEMSVEQEILVTGIKVVDLLAPYAKGGKIGLFGGA LIMELIN
E189R190 TI91R1S2 -~ E193 - N195D1%6 - o T gy ittt
RIARNFGGTSVFAGYGER TREGNDLWVELADANVL - - - - - - KDTALVFGQMDEPPGTRMR
NVAKGHGGFSVFAGVGER TREGTDL Y LEMMOSKVIDLKG- ESKCVLVYGQMNEPPGARAR
NVAQEHGGL SVFAGVGERTREGNDL YHEMKDSGVI - - - - - - SKTSMVFGQMNEPPGARLR

NIAKAHGGFSVFTGVGERTREGNDL YREMKETGVINLEG- ESKVALVFGOMNEPPGARAR
NVAKAHGGYSVFAGVGER TREGNDL YHEMIESGVINLKDATSKVALVYGOMNEPPGARAR

HVAKAHEETS”FAG?& TRE[ND) YHEH[ESG?IHLKDATSKVALVYGO EPPGARAR
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F1. Beta

Mycobacterium smegmatis subunit beta
Trypanosoma_brucel subunit beta
Bacillus_sp subunit beta
Saccharomyces cerevisiae subunit beta
Bos_taurus subunit beta

Rattus_norvegicus subunit beta

Mycobacterium smegmatis subunit beta
Trypanosoma_brucel subunit beta
Bacillus_sp subunit beta
Saccharomyces cerevisiae subunit _beta
Bos_taurus_subunit_beta

Rattus_norvegicus subunit beta

Mycobacterium smegmatis subunit beta
Trypanosoma_brucel subunit beta
Bacillus sp subunit beta
Saccharomyces cerevisiae subunit beta
Bos taurus subunit beta
Rattus_norvegicus_subunit_beta

Mycobacterium smegmatis subunit beta
Trypanosoma brucel subunit beta
Bacillus sp subunit beta
Saccharomyces cerevisiae subunit beta
Bos taurus subunit beta

Rattus norvegicus subunit beta

LOERITSTRGRSITSMQAVYVPADDY TDPAPATTFAHLDATTELSRAVFSKGIFPAVDPL 349
LOERITSTTKGSITSVQAVYVPADDITDPAPATTFSHLDATTVLDRAVAESGIYPAVNPL 356
LOERITSTKKGSITSIQAIYVPADDYTDPAPATTFAHLDATTNLERKLAEMGIYPAVDPL 340
LOERITTTKKGSVTSVOAVYVPADDLTDPAPATTFAHLDATTVLSRGISELGIYPAVDPL 351
MOERITTTKKGSITSVOATYVPADDLTDPAPATTFAHLDATTVLSRAIAELGIYPAVDPL 355
HﬂEHITTTHHGEITE?DAITvFADDLTDFAFATTFAHLDATT?LSHAIAELEIYFAUDPL 351

**** L ‘i’ ‘i’* #lr kkEEEE FEEdEEEEE . R R **

mEEEE &

Res 384-400

ASSSTILDPAIVGDEHYRVAQEVIRILORYKDLQDIIAILGIDELSEEDKQLVNRARRIE 409
ECASRIMDPDVISVOHYNVAQDVVQMLTKYRELQDITAVLGIDELSEEDKLIVDRARKLY 416
ASTSRILSPAVVGEEHYRVARGVQQVLORYNDLQDIIAILGMDELSDEDKLIVARARKIQ 400
DSKSRLLDAAVVGQEHYDVASKVQETLQTYKSLQDITAILGMDELSEQDKLTVERARKIQ 411
DSTSRIMDPNIVGSEHYDVARGVQKILODYKSLODIIAILGMDELSEEDKLTVSRARKIQ 415
DSTSRIHDFHIVGSEHTDVAHG?UKILHDTKSL DIIAILEHDELSEED LT?SRAHHIG 411

PHE N W

RFLSONMMAAEQFTGOPGSTVPLKETIEAFDKLTKGEFDHLPEQAFFLIGGLDDLAKKAE 469
KFLSQPFQVAEVFTGMTGHYVQLDDTIDSFSGLLMGTYDQVPEMAFYMVGGINSVLEKAK 476
RFLSQPFHVAEQFTGMPGKYVPVKETVRGFKEILEGKHDNLPEEAFYMVGTIDEAVEKAK 460
RFLSOPFAVAEVFTGIPGKLVRLKDTVASFKAVLEGKYDNIPEHAFYMVGGIEDVVAKAE 471
RFLSQPFQVAEVFTGHLGKLYPLKETIKGFQQILAGEYDHLPEQAFYMVGPIEEAVAKAD 475
RFLEQPFQUAEVFTGHHGKLUPLKETIHGFDﬂILAED?DHLPEDAFTHvGPIEEAUhHAD 471

LR R RN i 1!1" L * * ® =W L] L W@ WE:=:=:=8 L)

SLGAKL - - <= -mm e 475
KMAEEAAELEKMRRARVAQASS 498
KL-nemmmmrmmmmmmmmeee 462
KLAAEAN- - - - - - == - - A78
KLAEEHS- - - - - === ==--- 482

KLAEEHGS-------------- 170
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F1. Gamma structural alignment

Sc: 5.86 RMS: 1.5




F1. Gamma structural alignment

Saccharomyces cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp
Rattus_norvegicus

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp
Rattus_norvegicus

saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_ smegmatis
Bacillus_sp
Rattus_norvegicus

Res 5-13 K21 K24 R30 S32
AT-LK T EKAKISAKKMDE -A- - - - - - EQLFY
AT-LK 5 AAA ERELKPARVYGV=========c===
-GKLR| TIKMVTLA QGRIRTRDFSLR-Y------ TELAF
-T-LR QARVEAARPYAA- - - = = == == = = = -
-G-MR QETAENARPYAD-KISHPML-----
----R S ERELKPARVYGT == === == wuneme
K81 L83
KNAETK-N--K--EL--IVAITS-=-----=-- DKIGLICGSIHSQL - AKAV - RRHLNDQ - P
--------------- GLIIGVSS=-==-=-===-=-D) ﬁLCGAIHSSV----A----------
- - -SKPQA-aKNALV- -YIPITT-=--nnx-- NRGSCGALNSNI - VRCI -DSWVS - - - §
----------------------- EITNMLTELSDRGILCGAYNANV - LRRA - EELFSLL - -
- ~EA-RPVK-KTG=-YMVITS ===« =nnux- DRGILAGPYNANI - LRLV - SKTIEERHQ
-------------- G--r====§mmmnennnwna[-ICGAIHSSV-AKQM- - == ===~ -
--N-ADIVTI--GDKIKMQLLRTHPNNIKL-SINGIGKDAPTFQESALIADKLLSVMKA-
------ IIGV--GDKIRSI-- -~ - - - - - - -LTFKEVGRRPPTFGDASVIALE- - - - - - - -
- -K-MVLMPV - - GKRGIDSFSKLYPDEFRY - GI INDMKESMHF GYATFVIENAYEVSKD -
---------- RVGRKALGYFS--~---~-~~-FT--GF-SERPTYENAREIADT -~ -~~~ -

skDeYVIFAV- - GRKGRDFFKKRGYP-VVE-EVTGI-SDTPSLTEIQDIAQSAIG- - -MF
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Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp
Rattus_norvegicus

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp
Rattus_norvegicus

Saccharomyces_cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp

Rattus norvegicus

F1. Gamma structural alignment

GT--YPKI-SIFYN-------- DPVSSLSFEPSE-KPIFNAKTI---EQ-S-PSF-----
-------- LSIIFN-===~==-RFRSVISYK-======s=sssssscsssssacaasnzns
- =~ -ADRY-QVIFN-------- RFVSAGVQRNAV - YNIPSYEKW- - - KELaDAASSDNQ
-------------- LVNAFMATEFRSMLSQT - -==============s=2==2z22-""
ADETFDKL-TIFYN-------- EFVSPIVQRPVEKQLLP----LTSL-====-====--~
...... e e e e e e e T
E D202
- - -GK- - FEI - -DTIJANVPRDLFE - - YTLANQML TAMAQGYAAE I SARRNAMDNASKNAG

--------- TEYSLANIIYYSLKESTTSEQSARMTAMDNASKNAS
KNRYLFANALQNEE/-EQLIRDFFD- - FHAALAVLNAVGENELSEQAARLVAVEGQLTNIS
————————— AR-YIATRVYAALLEAAASESASRRRAMKSATDMAD
------ L-P--KYAETLIYSALLDAKASEFGARMTAMGNATDNAT
—————————————— ANIIYYSLKESTTSEQSARMTAMDMNASKNAS
Res 256-265
DMINRYSILYNRTRQAVITNELVDIITGAS---5
EMIDKLTLTANRTRQAVITKELIEITISGAAALD-
SLQORTSSLYINKTRQFGITAALIEILSAMSSLE-
DLIKALTLAANRERQAQITQEISEIVGGANALA-
EMLETLTLQFNRA-~-~-~-==f========ee===
DMIDKLTLT VITKELIEITSGAAALD-
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F1. Gamma sequence alignment

=
N
=
)
N
i

R30 S32

Res 5-13

Trypanosoma_brucei subunit gamma RRAQGRIRTRD-FS- - - -LRYTELAFS 54
Mycobacterium smegmatis subunit gamma AQARVEAARPYAAEITNMLTELA-G 59
Bacillus sp subunit gamma RRAQETAENARPYADKIKEVISSIAAG 59
Saccharomyces cerevisiae subunit_gamma AEKAKISAKKMDEAEQLFYKNA--E 56
Bos_taurus_subunit_gamma ARAERELKPARVYGVGSLALYEKA--D 56
Rattus_norvegicus subunit gamma RAERELKPARVYGTGSLALYEKA- -E 53
K81 L83
Trypanosoma_brucei subunit gamma KPQASRDA - - VAAAKNALVYIPTTTNRIGEI GALNSNIVRCIDSVVSS - - - - - - KMVLMPY 106
Mycobacterium_smegmatis,suBunit_gama ASALDHPLLVERKQPKRAGVLVVSSORGLICGAYNANVLRRAEELFSLLRDEGKDPVL YWV 119
Bacillus_sp_subunit gamma TKDFSHPML - EARPVKKTGYMVITSORGLAGPYNANILRLVSKTIEERHQSKDEYVIFAV 118
Saccharomyces cerevisiae subunit gamma TKNLDVEA - - TETGAPKELIVAITSOK[LL GSTHSQLAKAVRRHLND - - - - QPNADIVTI 110
Bos_taurus_suﬁunit_gama IKT--eevens PEDKKKHLIIGVS GATHSSVAKQMKSEAANLAAAGKEVKIIGY 108
Rattus_norvegicus subunit gamma IKG-------- PEDKKKHLIIGVSSORGLCGATHSSVAKQMKNDMAAL TAAGKEVMIVGI 105
Trypanosoma_brucei subunit_gamma GKRGIDSFSKLYPDEFRYGI INDMKESMHFGYATFVIENAYEV - -------vvvovnn- S 150
Mycobacterium_smegmatis subunit gamma GRKALGYFSF -RORTVVESWTGF - SERPTYENAREIADTLVNAFMAGADDEGDDAGADGI 177
Bacillus sp subunit gamma GRKGRDFFKK - RGYPVVEEVTGI - SOTPSLTEIQDIAQSAIGMFAD- - - ----------- 162
Saccharomyces cerevisiae subunit gamma GDKIKMQLLRTHPNNIKLSINGIGKDAPTFQESALIADKLLSVMKA-- - ----------- 156
Bos_taurus_subunit gamma GDKIRSILHRTHSDQFLVTFKEVGRRPPTFGDASVIALELLNS--G-------------- 152
Rattus_norvegicus_subunit gamma GEKIKSILYRTHSDQFLVSFKDVGRKPPTFGDASVIALELLNS--G-------------- 149
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Trypanosoma_brucei subunit gamma
Mycobacterium_smegmatis_subunit gamma
Bacillus_sp subunit gamma
Saccharomyces cerevisiae subunit gamma
Bos_taurus_subunit_gamma

Rattus norvegicus subunit gamma

Trypanosoma_brucel subunit _gamma
Mycobacterium smegmatis subunit gamma
Bacillus_sp_subunit gamma
Saccharomyces cerevisiae subunit _gamma
Bos_taurus_subunit gamma
Rattus_norvegicus_subunit_gamma

Trypanosoma_brucei subunit gamma
Mycobacterium_smegmatisﬁsubunit_ganna
Bacillus_sp_subunit _gamma
Saccharomyces cerevisiae subunit gamma
Bos_taurus_subunit_gamma
Rattus_norvegicus_subunit gamma

F1. Gamma sequence alignment

D202

KDADRYQVIFNRFVSAGVQRNAVYNIPSYEKWK - EDLADAASSDNQKNRYLFANALQ
LGVDELHIVFTEFRSMLSQTAVARRAAPMEVEYVGEVE- - - - - TGPRTLY-- - -SFE
ETFDKLTIFYNEFVSPIVQRPVEKQLLPLTS- - -EEVL----- DGPVSAY - - - -EYE
GTYPKISIFYNDPVSSLSFEPSEKPIFNAKTIE----Q----- SPSFGKF - - - -EID
YEFDEGSIIFNRFRSVISYKTEEKPIFSLDTIS----S----- AESMSIY----D-DI
YEFDEGSIIFNQFKSVISYKTEEKPIFSFSTWV - -~ -A----- AENMSIY----D-DI

EQLIRDFFDFHAALAVLNAVGENELSEQAARLVAVEGQLTNISSLQOQRTSSLYNKTRQFG
ETLFDALLPRYIATRVYAALLEAAASESASRRRAMKSATDNADDLIKALTLAA
ESVLEVLLPKYAETLIYSALLDAKASEFGARMTAMGNATDNATEMLETLTLQFNRA
N-VPRDLFEYTLANQMLTAMAQGYAAEISARRNAMDNASKNAGDMINRYSILYNRTRQAV
D-VLRNYQEYSLANIIYYSLKESTTSEQSARMTAMDNASKNASEMIDKLTLTFNRTRQAV
D-VLONYQEYNLANIIYYSLKESTTSEQSARMTAMDNASKNASDMIDKLTLTFNRTREQY

Res 256-265

AALIEILSAMSSLEGNAMKGVRRNKFWEGAVTK 304

BT PABANALR - oot 286
RADEETORBALG- - == cnvmosaona 278
BT T 273

209
228
210
203
198
195

269
288
276
262
257
254
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F1. Delta structural alignment

Sc: 7.23 RMS: 1.55

Saccharomyces cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp

Saccharomyces cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp

Saccharomyces cerevisiae
Bos_taurus
Trypanosoma_brucei
Mycobacterium_smegmatis
Bacillus_sp

-------------- KLQFALPHETLYS-E-VTQVNLPAKSGRIGVLANHVPTVEQLLPGY
------------ QOMSFTFASPTQVFFNSANVRQVDVPTQTGAFGILAAHVPTLQVLRPGL
HDLPEGFEFMEHTLRLTLTRQDEFLLREEPVKCVTVTGTNGEYGIYPGHAYKIVQLNPSP
------------ DLNVEIVAVERELWS-GPATFVFTRTTAGEIGILPRHIPLVAQLVDDA

—————————— ﬂﬂ{VQ DIVTPERKVF(Q-GEADIVIARGVEGELGVMAGHIPLVTPLKTAP

Beta-sandwit

VEVME - GSNSKKFFISGGFATVQPDSQLCVTAIEAPL
VVVHAEDGTTSKYFVSSGSVTVNADSSVQLLAEEAVT
LTVEYTDGTTKKYFVSGGFAHINNEGSCDVNTVEQTL
MVRVEREGEDDLRIAVDGGFLSVTEETVRILVENAQF
VRIKQ-GDKETLIAVSGGFLEVR-PDKVNILADTAEL

F-SF-SENIKNLLAEAKKNYSSS
| -DMLDLGAAKANLEKAQSELLG
| -DDLDLATAEKELAAQQAALGS
F-SEIDADAAKEDAAS-------
P -EEIDVERAKKAKARHETILKR

----- REAAEAAIQVEVLENLQSV-----
A-ADEATRAEIQIRIEANEALVEKAL----
A-KDDKAKSVVEIRISVIEAVIPALkhh-
----------- DDERTAAWGRARLR----
LdKTDKDYLRHKRALERAEVRLQVAnsks

Alpha-domains
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F1. Delta sequence alignment

Mycobacterium smegmatis subunit delta
Bacillus sp subunit delta
Saccharomyces cerevisiae subunit delta
Bos taurus subunit delta
Trypanosoma_brucei subunit delta

Mycobacterium_smegmatis_subunit delta
Bacillus_sp_subunit delta
Saccharomyces cerevisiae subunit delta
Bos taurus subunit delta
Trypanosoma_brucei subunit delta

Mycobacterium_smegmatis_subunit delta
Bacillus sp subunit delta
Saccharomyces cerevisiae subunit delta
Bos_taurus subunit delta
Trypanosoma brucei subunit delta

----------------------------- MADLNVEIVAVERELWSG-PATFVFTRTTAG

----------------------------- MATVQVDIVTPERKVFQG- EADIVIARGVEG

----------------------- AEAAAASSGLKLQFALPHETLYSGSEVTQVNLPAKSG
----------------- AEAAAAQAPAAGPGQMSFTFASPTQVFFNSANVRQVDVPTQTG

QSAPHDLPEGFEFMEHKVVNKDIHAPHENLETLALTLTRODEFLLREEPVKCVTVTGTNG

Beta-sandwitch

ELGVMAGHIPLVTPLKTAPV-R- IKQGDKETLIAVSGGFLEVRPDKV -NILADTA
RIGVLANHVPTVEQLLPGVV-EVM-EGSNSKKFFISGGFATVOPDSQLCVTAIEA
AFGILAAHVPTLQVLRPGLV - VVHAEDGTTSKYFVSSGSVTVNADSSVQLLAEEA
EYGIYPGHAYKIVQLNPSPL - TVEYTDGTTKKYFVSGGFAHINNEGSCDVNTVEC

EIGILPRHIPLVAQLVDDAMVRVEREGEDDLRIAVDGGFLSVTEETV-RILVENA

OFESE
ELPEE
FPLES
VTL

TLLPD

IDADAAKEDAASDDERTAAWGRA - - -RLR- - -ALGQID-----------q---~-
IDVERAKKAKARHETILKRLDKTDKDYLRHKRALERAEVRLQVANSKS - {-----

LDLGAAKANLEKAQSE- - -LLGA------- ADEATRAEIQIRIEANEALVKALE-

Alpha-domains

FSQENIKNLLAEAKKN- - - -VSS------- SDAREAAEAAIQVEVLENLQSVLK- -

LDLATAEKELAAQQAA- - -LGSA------- KDDKAKSVVEIRISVIEAVIAALKHH

121
135
138
146
165

3
.

3
J

3
2

43
60

89
87
95
102
119
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F1:. Epsilon structural alignment

Sc: 4.11 RMS: 2.85

w3 Y10 Y13
'Saccharomyces_cerevisiae -7 --1IS---[V] NVAAQAIRS|TELQASVLNRSQT - -DAFYTQYKNA- - -S-E
Bos_taurus -VAYWRQAGLSYIRYSQICAKAVRDALK|- - -TE-FKANA-MKTSGSTIKIVK-V------
Trypanosoma_brucei SSSWR-DHGISYLKYLNVECTETLHSTVK|- - - E[S -RRAK]Y - ERWSKPCYTAQR - PDGAGGQ
Saccharomyces_cerevisiae PTP-I---TK---- Alpha-helixes
IBos_taurus 0000 eeeeeeeeeeeee-
|Trypanosoma_brucei ET-IDKVPIHtkdy
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F1:. Epsilon sequence alignment

Trypanosoma_brucei_subunit_epsilon
Saccharomyces cerevisiae subunit_epsilon
Bos taurus subunit epsilon

Trypanosoma_brucei subunit epsilon
Saccharomyces cerevisiae subunit epsilon
Bos taurus subunit epsilon

SS HGISYLKIYLNVCTETLH ESRAAKYERW- - SKPCYTAQRPDGAGGQETIDK 58

. GIS|YAAYLNVAAQATRSSLKTELQTASVLNRSQTDAFYTQYKNGTAAS - - -EP 56

VAYWROAGLSYIRYISQICAKAVRDALKTEFKANAMKTISGSTIKIVKVKKE - - - < < - o - - - 560
Alpha-helixe

VPIHTKDY 66

TPITK--- 61

-------- 50
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Fo: ¢ structural alignment

Bos taurus eseeeee- DTAAKFIGAGAAT -VGVAGSGAGIGTVFGSLII-GYARNPSLKQ-QLFSY
Arthrospira_platensis  ----- ESNLTTAASVIAAALAVGICGSIGPGLGQGQAACQAVE-GIARQPEAEG-KIRGT
Mycobacterium_tuberculosis --eLdPNALITAGALIGGGLIMGGGAIGAGIGDGIAGNALIS - GIARQIPEAQG-RLFTP
Polytomella sp = ------- SWLAASKMVGAGCAT - TALAGVGAGLGYMFGSLIN- GAARMPNIAK -QLVGY
Saccharomyces cerevisiae @~ ------- QLVLAAKYIGAGIST-IGLLGAGIGIAIVFAALIN-GVSRMPSIKD-TVFPM
Escherichia_colt  ----- MENLNMDLLYMAAAVMMGLAATGAATGIGILGGKFLE - GAARK- -PDL-IPLLR
Ilyobacter_tartaricus mdm1fAKT] - -
A56 E59 Loop Alpha-helixes

Bos_taurus ILGF AMGLFCLMVAFLILFf-======---

Arthrospira_platensis LLSLAFMEALTIYGLVVALVLLFA-NPFV- - - -
Mycobacterium_tuberculosis FITVG FINLAFMALFVFA-TPGLG- - -

Polytomella_sp LLGF SIALFSLLVVFLILF----------

Saccharomyces_cerevisiae ILGFALSEATGLFCLMVSFLLLF- === === -~

Escherichia coli QFFI VDAIPMIAVGLGLYVMFAV-A----

Ilyobacter tartaricus VLGQ TGIYSLVIALILLYA-NPFVgllg

Sc: 7.05 RMS: 1.79 108




Fo: c sequence alignment

Mycobacterium tuberculosis subunit c
Escherichia coli subunit ¢
Polytomella sp subunit c
Saccharomyces cerevisiae subunit ¢
Bos_taurus_subunit_c

Arthrospira platensis subunit ¢
Ilyobacter tartaricus_subunit c

Mycobacterium tuberculosis subunit ¢
Escherichia coli subunit ¢
Polytomella sp subunit c
Saccharomyces cerevisiae subunit ¢
Bos taurus_subunit c

Arthrospira platensis subunit ¢
Ilyobacter tartaricus subunit c

Mycobacterium tuberculosis subunit ¢
Escherichia coli subunit ¢
Polytomella sp subunit c
Saccharomyces cerevisiae subunit c
Bos_taurus_subunit c

Arthrospira platensis subunit c
Ilyobacter tartaricus subunit ¢

-------------------------------------------- 13

................................................... g

MSVORLSLGAARCLSAGVARVQASQALVAQKAVAVAPTRAQAAPAEVAQVRSMS/LAASK| 60

.................................................... 8

______________________________________________________ 6

-------------------------------------------- 16

-------------------------------------------- 14

LIGGGLIMGGGAIGAGIGDGIAGNALISGI 3

VMMGLAAIGAAIGIGILGGKFLE 69

GAG-CATIALAGVGAGLGVMFGSLI 119

YIGAG- ISTIGLLGAGIGIAIVFAALINGVSR 67

FIGAG-AATVGVAGSGAGIGTVFGSLIIGY 65

------ AVGIGSIGPGLGQGQAAGQAVEGI 70
VGAG- TAMIAGIGPGVGQGYAAGKAVESY 73

FMALFVFATPGLQ- - - 86 Alpha-helixes

LGLYVMFAVA- - ---- 79

VVFLILFA-------- 127

VSFLLLAGV------- 76

VAFLILA--------- 72

VALVLLFANPFV---- 82

IALILLYANPFVGLLG 89
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Fo: a structural alignment

Sc: 2.91RMS: 3.49

Polytomella_sp
Saccharomyces_cerevisiae
Escherichia_coli

Polytomella_sp
Saccharomyces_cerevisiae
Escherichia_coli

Polytomella_sp
Saccharomyces_cerevisiae
Escherichia_coli

Polytomella_sp
Saccharomyces_cerevisiae
Escherichia_coli

Polytomella_sp
Saccharomyces_cerevisiae
Escherichia_coli

Polytomella_sp
Saccharomyces cerevisiae
Escherichia coli

18 153

------------------------------------------ SVRDV-K--Tf-}GSLPT
SPLDQFHIRTLFGLQSSFIDLSCLNLTTFSLYTIIVLLVITSLYTL-TNNNNKILLGSRWL

E63 D67

NF FWRSQNPA - - EKPHDPVNDRLLPAVVDASDKRA- - - - SIGTWATTFFCTIIS
ISQEATYITIMNMT -KGQIGG- - ===~ ==~ KN--WGL--Y- -FPMIFTLFMFIFIANLI
----------------------------- HG - -KSKLIAPLALTIFVWVFLM-NLMDL
CNLLGLMPFNEA- - - - - - - === ===~ P--TS--GLGFAT-GLGVSVWATAT - ILGLSKT
SM-T---P--¥§--cscoccncnna-s FALS------ AHLVFIISL-SIVIWLGNTILGL
LPID------- LLPYTAEHVLGLPALRV- - -VPSADVNVT - LSMAL - GVFILTLFYSIK-
62 R176
G----FKFPGH- - -F--IPG------ GTP-WPMA-FIFVPLE-TISYT-FRAVSLGVRLW
Y- -KHG- - - - -WVFFSLF - -VPAGTPLPLVP - LLVIIETL- SYFA-RAISLGLRLGSNIL
MKS === =eesemennnmeeeeeeeeeeeeeeeeabeas LLSKPV-SLGLRLFGNMY
E223
VNMLAGHTLLHILTGMA- - - - -LALPFSLGFFSMVPATFGVCCLLSALVGLEYLVAVLQS
AGHLLMVILAGLTFNFM- - - - -LIN-=------ L-FTLVFG- FVPLAMILAIMMLEFALG
AGELIFILIAGLLP - -WWSQHI - - == ====ssvnsnnnnnmannnan LNVPWAIFHILII

Q230 D244

GVFSILSTVYVG- EFNH - DKFIgpaakiv
ITQGYVWAILTA- SYLKDAVYLH- - - - - - -
TUQAFIFMVLTI----- -
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Fo: a sequence alignment .8

Rattus norvegicus subunit a ---MNENLF-----------+|--- ASFITPTM--------- MGLP--IVVTIIMFPSIL 30
Bos taurus_subunit a ---MNENLF----------~|-[--- TSFITPVI--------- LGLP- -LVTLIVLFPSLL 30
Ashbya gossypii subunit a MYLNNNNNMKYYINSPLEQFETRDLLGLTSPMMDFSFINITNFGLYTMITLLVILTMNLM 60

Wickerhamomyces canadensis subunit a @~ ------- MTNIIVNSPLDQFDIKVFIGFVSPFIDLTNINITTFTVYSVFILIVILGLTLL 53
Vanderwaltozyma polyspora --------- MYYINSPLDQFE| LKFVTPFFDMSNLNITTFGLYIIIVLMVIVSLNIL 51
Kluyverom{ces_lactis_subunit_a ------- MLNLFITSPLDQFEIRVLMGFTSPLLDFSSLNFTTFSLYTIIVLFTVLGLNLL 53
Candida glabrata subunit a - --MONTLLRTYINSPLEQFE LGLNTPFIDLSGLNITTFTLYTIIVLLVVSSLYVL 57
Saccharomyces cerevisiae subunit a -~ - -MFNLLNTYITSPLDQFE

IRTLFGLQSSFIDLSCLNLTTFSLYTIIVLLVITSLYTL 56

D67

IMLIIKQMMLIHTPKGRTWAL - - -MIVSLIMFIGSTNLLGL 87
LIQLVSKQMMSIHNSKGQTWTL - - -MULMSLILFIGSTNLLGL 87

Rattus_norvegicus subunit a
Bos taurus_subunit a

Ashbya gossypii subunit_a IYDTIM- -NMVKTQIGGKVWGYYFPLVYTFFITIFTMNLISM 118
Wickerhamomyces canadensis subunit a : TIN- -NMVSGQIGGKLGGYYFPLIYTFFIFIFTANLIGM 111
Vanderwaltozyma polyspora IYPTIL- -NTTKGQIGGKLWGLYFPLIYTLFMFILIANLISL 109
Kluyveromyces lactis subunit a IYDTIL--NMVKGQIGGKLWGYYFPLVYTFFFFIFVSNLISM 111
Candida glabrata subunit a IYDTIL- -NMVKGQIKGKDWGYYFPFIYTLFMFILISNLISM 115
Saccharomyces cerevisiae subunit a - 1Y TIH--NHTKGOIGGKNHGLYFPHIFTLFMFIFIANLISM 114
E162
Rattus_norvegicus subunit a LPHTFTPTTOLSMNLSMATPLWAGAVILGFRHKLKNSLAHFLPQGTPISLIPMLIIIETI 147
Bos taurus subunit a LPHSFTPTTQLSMNLGMAIPLWAGAVITGFRNKTKASLAHFLPQGTPTPLIPMLVIIETI 147
Ashbya gossypii subunit a IPYSFAMTSHVVFVVSMSMI IWLGTTIIGFYTHGLKFFGLFLPTGTPLILVPLLVSIELL 178
Wickerhamomyces canadensis_subunit a IPYSFAITSHMVFIISLSVVIWLGVTIIGLYTHGLTFFALFVPAGCPLALAPLLVLIELL 171
Vanderwaltozyma polyspora IPYSFALTAQIVFVISLSFIIWLGSTITGFNKHGWLFFSLFVPNGTPTPLVPLLVIIESL 169
Kluyveromyces lactis subunit a IPYSFALSAHLIFIVSLSSVIWLGATIIGLTKHGLVFFSLFVPGGTPLPLVPLLVLIELL 171
Candida glabrata subunit a IPYSYALTAQFVFIISLSMIIWLGITILSLFKHGWVFFSLFVPSGTALPLVPLLVVIELL 175
Saccharomyces cerevisiae subunit a IPYSFALSAHLVFIISLSIVIHLGNTILGLYKHGHVFFSLFVPAGTPLPLVPLLVI1 TL 174
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Fo: a sequence alignment

Rattus norvegicus subunit a

Bos taurus subunit a
Ashbya gossypii subunit a

Wickerhamomyces canadensis subunit a

Vanderwaltozyma polyspora

Kluyveromyces lactis subunit a
Candida glabrata subunit a
Saccharomyces cerevisiae subunit a

Rattus norvegicus subunit a

Bos_taurus subunit a
Ashbya gossypii subunit a

Wickerhamomyces canadensis subunit a

Vanderwaltozyma polyspora

Kluyveromyces lactis subunit a
Candida glabrata subunit a
Saccharomyces cerevisiae subunit a

R176

SLFIOPMALAVRL TANITAGHLL MHL TGGATLVLMDISPPTATITF---IILLLLTVL
SLFIOPMALAVRLTANITAGHLLTHLIGGATLALMSISTTTALITF---TILILLTIL
SYFARTISLGLRLSANIMAGHLLIVILGGLLFNLMAMNILTFLLGFLPMIAILGIVCL
SYSARAISLGLRLSANTLSGHLLMVILGGLVFNLMSVSIVTFVLGFIPLAGILAIVAL
SYIARAFSLGLRLTCNILAGHLLMVILGGLLLNFININKLTLILGIIPFAMILAILCL
SYFARAISLGLRLSSNVLSGHLLLITL GGLLFNLMSMSIITFVFGLIPGVGLLAIVVL
SYVARAFSLGLRLSANIFSGHLIMATLAGLTMTFVOINIFTLILGFIPLAITLIIMCL
SYFARAISLG ESHILAEHLLHUILAGLTFHFI’*‘ILI HLFI'L‘u’FGF‘u"PLAHILAII"l'"\L

Q230 D244

AVALIOAYWFTLLVSLYL ---
AVAMIOAYWFTLLVSLYL ---
AITIYOAYVWCILMSSYLKDTIYLH
AIAMIOSYVFAILASGYIKDGLYLH
AIAMIOGYVFATLTASYIKDSLYLH
ALSVIDAYWWSILTSSYLKDVLYLH
GIATTOAYVFSILASSYLKDGLYLH
AIGII TFHAILTESTL AVYLH

226
226
263
256
254
256
266
259

E223

T T 7T T T T T T

Ea

204
204
238
231
229
231
235
234

12




Fo: OSCP structural + sequence alignment

Escherichia_coli  -------- SEFIT-VARPYAKAAFDFAVEHQSVERWQDMLAFAAEVTK-NEQMAELLSGA
Bos_taurus FAKLVRPPVQ-IYGIEGRYATALYSAASKQNKLEQVEKELLRVGQILK- EPKMAASLLNP
Saccharomyces_cerevisiae =~ =~ ------- PPVRLFGVEGTYATALYQAAAKNSSIDAAFQSLQKVESTVKKNPKLGHLLLNP
Escherichia_coli LA-PETLAESFIAVCGE- -QLDENGQNLIRVMAENGRLNALPDVLEQFIHLRAVSEA- - -
Bos_taurus YVKRSVKVKSLSDMTAKE - KFSPLTSNLINLLAENGRLTNTPAVISAFSTMMSVHRG- - -
Saccharomyces_cerevisiae ALSLKDRNSVIDAIVETHKNLDGYVVNLLKVLSENNRLGCFEKIASDFGYLNDAHNGLLK
Escherichia_coli = —--eeeeiooaoaoo-- R
Bos taurus =000 @ =sses------- EVPCTV-=----m s mmmm s e e e e e e e e e
Saccharomyces_cerevisiae GTVTSAEPLDPKSFKRIEkalsasklvgqgkslkstkigklnkvleds
Escherichia coli subunit delta @ = ---—-—-—---- SEFITVARPYAKAAFDFAVEHQSVER -WODMLAFAAEVTKNEQMAELLSGA 50
Bos_taurus_subunit_oscp -FAKLVRPPVQIYGIEGRYATALYSAASKONKLEQVEKELLRVGQ- ILKEPKMAASLLNP 58
Saccharomyces cerevisiae subunit oscp ASKAAAPPPVRLFGVEGTYATALYQAAAKNSSIDAAFQSLQKVESTVKKNPKLGHLLLNP 60
Escherichia coli subunit delta LAPETLAE- - - SFIAVCGEQLDENGONLIRVMAENGRLNALPDVLEQFIHLRAVSEATAE 107
Bos_taurus_subunit_oscp YVKRSVKVKSLSDM - TAKEKFSPLTSNLINLLAENGRLTNTPAVISAFSTMMSVHRGEVP 117
Saccharomyces cerevisiae subunit oscp ALSLKDRNSVIDAIVETHKNLDGYVVNLLKVLSENNRLGCFEKIASDFGVLNDAHNGLLK 120
Sc: 5.66 RMS: 1.80 ' - ' o
Escherichia coli subunit delta VDVISAAALSEQQLAKISAAMEKRLSR - - - 134
Bos taurus subunit_oscp CTV----eemene - T V.
Saccharomyces cerevisiae subunit oscp GTVTSAEPLDPKSFKRIEKALSASKLVGQGKSLKLENVVKPEIKGGLIVELGDKTVDLSI 180
Escherichia coli subunit delta @ = -----------o--- 134
Bos_taurus _subunit oscp 00 oo 126
Saccharomyces cerevisiae subunit_oscp STKIQKLNKVLEDSI 195 13



Fo: b structural alignment

BOS_TAUTUS e e oo

Ssaccharomyces_cerevisiae KQTDPKAKANSIINAIPGNNILTKTGVLGTSAAAVIYAISNELYVINDESILLLTFLGFT
Bos_taurus === =sssssee==s G-EFADKLNEQKIAQLEEVKQASIKQIQDAIDMEKSQQALVQKRHYLFD
saccharomyces_cerevisiae GLVAKYLAPAYKDFADARMKKVSDVLNASRNKHVEA- - - -\VD - -RIDSVSQLQNVAETTK
Bos_taurus VQRNNIAMALEVTYRERLHRVYREVKNRLDYHISVQNMMRQKEQEHMINWVEKRVVQ- - -
Saccharomyces_cerevisiae VLFDVSKETVELESEAFELKQKVELAHEAKAVLDSWVRYEASLRQLEQRQLAKSVISRVQ
Bos _taurus =00 sesscecsecssscsccseeeeeoen.

Saccharomyces_cerevisiae SELGNPKFQEKVLQQSISEIEQLLSK

Sc: 3.38 RMS: 2.14 14



Rattus_norvegicus_subunit b ----MLSRVVLSA - - AATAAPCLKNAAVLGPGVLQATRVFHTGOQPRLAPLPPLPEYGGK - 3

Bos_taurus_subunit b - ---MLSRVVLSA - - AAAAAPSLKNAALLGPGVLQATRIFHTGQPSLAPVPPLPEHGGK - 53
Neurospora_crassa_subunit b ----MASRLARTAVGAARLRPSVVP - - -RVLPAL----- STVASPRYSSGV - -PSEDPKT 46
FO ° b S e u e n Ce Ashbya gossypii subunit b ----MAFRALTT- - -KAAARP-LLAL - - - -- GPR----- SVAMGARYMSTP--APQDPKS 40
. Kluyveromyces lactis subunit b  ----- MFRALTL - - -KASARP -VVAG- - -LCSRQ- - - - - APIAAVRYMSTP- - SPQDPKA 41
Candida_glabrata subunit b - ---MSFRALTM- - -RSAVARTALNNTIRSARVA- - - -- TPYLGIRHSSST- - PTPDPKT 46
a I i n e n t Saccharomyces_cerevisiae subunit b MSMSMGVRGLAL - - -RSVS-KTLFSQ- - -GVRCP- - - - - SMVIGARYMSSTPEKQTDPKA 48
S;J Rattus_norvegicus_subunit b ---VRLGLIPEEFFQFLYPKTGVTGPYVLGTGLSLYFLSKEIYVITPETFSTISVVGLIV 110
Bos_taurus_subunit b ---VRFGLIPEEFFQFLYPKTGVTGPYVLGTGLILYLLSKEIYVITPETFSAISTIGFLYV 110
Neurospora crassa_subunit b KAQSIIDSLPGS- - -NLMSKTAI - - - LSSAAGLSIYALSNEYYVVNEETVVAFCLLSVWG 100
Ashbya gossypii_subunit b KAAAILDSLPGS- - - TALSKTGI - - - LATSAAAAIYAISNELYVLNAETILLCTFTGFSF 94
Kluyveromyces lactis subunit b KASSILDALPGN- - -TALSKTGI - - - LATSAAAAVYAISNQLYVLNEETILVATFTGVVL 95
Candida g{abrata subunit_b KAASLIDALPGN- - - TALTKTGI - - - LGTSAAAIIYGISNQLYVINDESILLLIFLGFSG 100
Saccharomyces cerevisiae subunit b KANSIINAIPGN---NILTKTGV---LGTSAAAVIYAISNELYVINDESILLLTFLGFTG 102
. R - . LR ] L LB .
Rattus_norvegicus_subunit b YVIKKYGASIGEFIDKLNEEKIAQLEEIKQSSMKQIQDAINREKAQQALVQKRHYLFDVQ 170
Bos_taurus_subunit b YIVKKYGASVGEFADKLNEQKIAQLEEVKQASIKQIQDAIDMEKSQQALVOKRHYLFDVQ 170
Neurospora_crassa_subunit b GLIKFGGPLYKKWADEQSDKIKNILNSARADHTQAVKTRIGOVKQMSGVIDITKTLFAVS 160
Ashbya gossypii subunit b~ LIAKLVAPAYKEYADKRMQHVSGILNSSRNKHVAAVKERIESVSELKNVTETTKVLFEVS 154
Kluyveromyces lactis subunit b AGIKFLAPAYNEFAENRVKQVSSILNSSRTKHVDAVKERIESVSELKNVSDTTKVLFDVS 155
Candida g abrata subunit b LVAKFLAPLYKDFADARIKKIGSILNSSRERHVDAVKDRIESVSELQNVSETTKVLFDVS 160
Saccharomyces cerevisiae subunit b LVAKYLAPAYKDFADARMKKVSDVLNASRNKHVEAVKDRIDSVSOLONVAETTKVLFDVS 162
Rattus_norvegicus_subunit b RNNIALALEVTYRERLHKAYKEVKNRLDYHISVQDMMRRXEGEHMINWVEKHVIQS- - - - 226
Bos_taurus_subunit b RNNIAMALEVTYRERLHRVYREVKNRLDYHISVQNMMRQKEQEHMINWVEKRVVQS- - - - 226
Neurospora_crassa_subunit b KETAKLEAEAYELEQRTALAAEAKTVLDSWVRYESQVKQRQOKELAQTVIAKVQKELENP 220
Ashbya gossypii subunit b KETLELEAKAFELKQKVDLATEAKAVLDSWVRYEASVROLQOKQIAESVIGKVQAELANP 214
Kluyverom{ces_lactis_subunit_b KETVKLEAEAFELKQQVDLAAEAKSVLDSWVRYEASVRQLQQQQIADSVVAKVQSELGNP 215
Candida glabrata subunit b KETVELEAKAFELKQKVELAHEAKSVLDSWVRYEASLRQLQQKQIAEGIISKVESELTNP 220
Saccharomyces cerevisiae subunit b KETVELESEAFELKOKVELAHEAKAVLDSHVRYEASLRQLEOROLAKSVISRVOSELGNP 222
Rattus_norvegicus_subunit_b ----ISAQQEKETIAKCIGDLKMLAKKAQAQPIM 256
Bos taurus_subunit b ----ISAQQEKETIAKCIADLKLLSKKAQAQPVM 256
Neurospora_crassa subunit b KVLKQILEQSVADVEKIVSKA------------- 241
Ashbya gossypii subunit b KFQDKVLQQSVADVEKLFASLK------------ 236
Kluyveromyces lactis_subunit b KFQEKVLQQSVADVEKLLANLK------------ 237
Candida_glabrata subunit b KFQDRVLQQSIAEVEQVLANIK------------ 242
Saccharomyces_cerevisiae subunit b KFQEKVLQQSISEIEQLLSKLK------------ 244
% 2
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Fo: d structural + sequence alignment

Sc: 2.00 RMS: 2.04

Bos_taurus
Saccharomyces_cerevisiae

Bos_taurus
Saccharomyces_cerevisiae

Bos_taurus
saccharomyces_cerevisiae

Bos_taurus
Saccharomyces_cerevisiae

Rattus_norvegicus_subunit_d
Bos_taurus_subunit_d
Schizosaccharomyces_pombe_subunit d
Kluyveromyces lactis subunit d
Saccharomyces cerevisiae subunit d
Aspergillus_terreus_subunit d
Neurospora_crassa_subunit d

Rattus_norvegicus_subunit d
Bos_taurus_subunit _d
Schizosaccharomyces pombe subunit d
Kluyveromyces lactis subunit d
Saccharomyces cerevisiae subunit d
Aspergillus_terreus subunit d
Neurospora_crassa_subunit d

Rattus norvegicus_subunit d
Bos_taurus_subunit_d
Schizosaccharomyces pombe subunit d
Kluyveromyces lactis subunit d
Saccharomyces cerevisiae subunit d
Aspergillus_terreus_subunit d
Neurospora crassa subunit d

KLALKT- -I-DWVAFGEIIPRNQKAVANSLKSWNETLTSRLATLPEKP- -P- -AIDWAYY
- --LDWAKVISS--LRI------ T---GS5TATQLSSFKKRNDEARRQLLELQSQP-TE-V

KA===N========= VA-KAGLVDDFEKK-FNALK---VPI-PE--DKYT-AQVDAE-EK
-DFSHYRSVLKNTSVIDKIESYVKQ- - - YKP- - - -VKIDASKQLQVIESFEKHAMTNAK -

ED-VKSCAEFLTQSKTRIQEYEKELEKMRN - = - = = == == = == ==z s m e emeemee o
ETES-LVSK- - - - ELDNIQS- - A-RPF - DELTVDDLTKIKPEIDAKVEEMVKKGKWDVPG

YKDRFGNLNVM

-MAGRKLALKTIDWVSFVEIMPQNQ- - KAIGNALKSWNETFHTRLASLSEKPPAIDWAYY
-MAGRKLALKTIDWVAFGEIIPRNQ- - KAVANSLKSWNETLTSRLATLPEKPPAIDWAYY
MSKVASAAGKAIDWASVASKLKLDAATASATANFRSRHAQAVAKLGTLREQATTVDFATY
-MSLAKSAANKLDWAKVISSLKLTGKTATQLSSFKKRNDEARRQLLELQSQPTSVDFSHY
-MSLAKSAANKLDWAKVISSLRITGSTATQLSSFKKRNDEARRQLLELQSQPTEVDFSHY
- -MAARSAALKIDWVKVTSSLGLRGQTAASLQAFKKRNDDARRKVQILSEQPQTVDFAHY
- -MAARNAALKVDWAKITTSLGLRGQTAASLQAFKKRNDDARRKLQQLSELPTTVDFAAY

RANVDKPGLVDDFKNKYNALKIP-VPEDKYTALVDAEEKEDVKNCAQFVTGSQARVREYE
KANVAKAGLVDDFEKKFNALKVP - IPEDKYTAQVDAEEKEDVKSCAEFLTQSKTRIQEYE
RSVLANKEIVNRIESSMKSFKPVKIDLNSQLKAINAFEAKASEGAKKNVELVKAELQNLS
RSVLKNTEVVDKIEQFYKSYKPVSVDVSKQLSTIEAFESQAIENAAETEKLVAQELKDLK
RSVLKNTSVIDKIESYVKQYKPVKIDASKQLQVIESFEKHAMTNAKETESLVSKELKDLQ
RQOILKNQAVVDEIENQFKNFKPATYDVSRQLKAIEAFEAQAVONAEQTKGKVEAELRNLQ
RSTLKNQAIVNEIEKRFTSFKPATYDVNRQLKATEAFEVEAIKNAEATKTKVDLELKDLE

KQLEKIKNMIPFDQMTIDDLNEVFPETKLDKRKY - - - PYWPHQPI - - - -ENL - - -
KELEKMRNIIPFDQMTIEDLNEVFPETKLDKKKY - - - PYWPHRPI - - - -ETL - - -
ATLKNIEQARPTEEITIEDMKQAVPEIEKIVETMVTKGKWVIPGYREKFGDLSIM
ETLNNIESARPFDQLTVDELTKARPEIDAKVEEMVKKGRWDVPGYKEKFGDLTIM
STLDNIQSARPFDELTVDDLTKIKPEIDAKVEEMVKKGKWDVPGYKDRFGNLNVM
KTLENIETARPFDELTVDEVAAAQPEIDEKTASLVSKGRWMPAGYKERFGDMSVV
KTLTNIETARPFDELTVDEVAAAEPSIDEKTSKLVSKGRWSVPGYKERFGDLSVL

57
57
60
59
59
58
58

116
116
120
119
119
118
118

161
161
175
174
174
173
173

116



Fo: 8 sequence alignment

Ashbya gossypil subunit B8
Kluyveromyces lactis subunit 8
Wickerhamomyces canadensis subunit 8
Vanderwaltozyma polyspora subunit 8
Candida glabrata subunit B
Saccharomyces cerevisiae subunit 8
Rattus norvegicus subunit 8
Bos_taurus_subunit 8

Ashbya gossypii subunit B8
Kluyveromyces lactis subunit 8
Wickerhamomyces canadensis subunit 8
Vanderwaltozyma polyspora subunit 8
Candida glabrata subunit B
Saccharomyces cerevisiae subunit 8
Rattus norvegicus subunit B8

Bos taurus subunit B

Q3
MPOMIPFFFMNOQLTYGFTFILTILFLTSYVFLPMILRL)
MPOLVPFYFLNOLVYGFALVTILLVLFAQYFLPQILRL)
MPOLVPFYFLNOLTYGFLLLIILLVLFSQFLLPRILRL)
MPOLIPFYFLNOLTYGFLLMTILLVLFSQFFLPMILRL
MPOLIPFYFMNOLTYGLLLITVLLILFSQFFLPMILRL
MPOLVPEYFMNOLTYGFLLMITLLILFSQFFLPMILRL
MPOLOTSTWFITIISSM--------- -ATLFI--LF--
MPOLDTSTWLTMILSMF---------- LTLFI--IF--

------------------------ 48
------------------------ 48
------------------------ 48
------------------------ 48
------------------------ 48
------------------------ 48
TEKTNNPWESKWTKTYLPLSLPPQ 67
MLKONTPWETKWTKIYLPLLLPL - i

Y39 R42

-OLKISSQTFPAPPSPKTMA 43
-QLKVSKHNFYHNPELTPTK 43

17



Fo: e, f and g sequence alignment

Rattus norvegicus subunit e MVPPVQVSPLIKFGRYSALTL GMAYGAKRYSYL KPRAEEERRIAA - EEKKRLDELKRIER 59
Bos taurus subunit e MVPPVQVSPLIKLGRYSALFLGMAYGAKRYNYLKPRAEEERRLAA - EEKKKRDEQKRIER 59
Saccharomyces cerevisiae subunit e =~ ------- HST?H?LRTSALELELFFEFRHDHILKEHAKKKEEQAQYEEKLKLUE--EAKK 51

EEEEE R ok e * wRE .
Rattus norvegicus subunit e ELAEAEDVSIFK-- - ----mmmmmmmmmm s 71
Bos_taurus_subunit e ELAEAQEDTILK----------mmmmm oo oo e 71
Saccharomyces cerevisiae subunit e ETAKLHPFHTFKD?PAHASFHLEDFHIDFER?ILHA?ESLKEAST 96
Rattus_norvegicus subupit f = ------ HASIVPLKEKKLHEVKLRELPSHILMR ------ DFTPSGIAGA- -FRRGYDRYY 46
Bos taurus subunit f oo MASVVPLKEKKLLEVKLGELPSWILMR- - - - - - DFTPSGIAGA--FQRGYYRYY 46
Schlzosaccharomyces pombe_subunit_f -MAPFPLKSFIPPQVA- -NPTALNAFPSSARMGRIVDFYSRLPHGPAPKKSSNSFFSWYY 57
Saccharomyces cerevisiae subunit f HIFKRAVSTLIPPKVV SSKNIGSAPNAKRIANVVHFYKSLPOGPAPAIKANTRLARYK 58
Rattus _norvegicus subunit f NKYINVRKGSISGINMVLAAYVVFSYCISYK - ELKHERRRKYH 88
Bos taurus subunit f NKYVNVKKGSTAGLSMVLAAYVFLNYCRSYK-ELKHERLRKYH 88
Schizosaccharomyces pombe subunit f KKY - LGKNASGAPLLHLVGAVLVFSYASEYYYHIRHHEEH- - - 96
Saccharomyces cerevisiae subunit f AKYFDGDNASGKPLHHFALGIIAFGYSMEYYFHLRHHKGAEEH 101
Saccharomyces cerevisiae subunit g MLSRIQNYTSGLVSKANLLSSKALYYGKVGAEISKQIYLKEGLQPPTVAQFKSVYSNLYK 60
Rattus_norvegicus_subunit_g - - - -MAKFIRNLADKAPSMVAAAVTYSKPRLA - TFWHYARVELVPPTLGEIPTAIQSMKS 55
Bos_taurus_subunit g ————MAEFVRNLAEKAPALVNAAVTYSKPRLA TFNYYAKVELVPPTPAEIPTAIQSLKK 55

.. * =¢¥ . * . ¥ * . ® . x kEE .
Saccharomyces_cerevisiae_subunit_g QSLNFALKPTEVLSCLKNIQKNELLKYGAYGIQLIGFYSVGEIIGRRKLVGYKHH 115
Rattus_norvegicus_subunit_g I-----I-HSAQTGNFKHLTVKEAVLNGLVATEVWMWFYIGEIIGKRGIVGYDV- 103
Bos_taurus_subunit g I----- I- NSAKTGSFKQLTVKEALLNGLVATEVNMNFYVGEIIGKRGIIGYDV 103
e Ea . o E . kS . - ****** . **

. ¥z ¥ .ozzoozd : 118



ATP synthase is involved in ATP synthesis and is composed by 17 subunits in S.
cerevisiae.

The alpha and beta subunits are the ones in charge of the catalytic function.

The trimeric catalytic head of F1 has three different conformations.

The rotation of the gamma and epsilon subunits induces the conformational
change.

Subunit a along with the c-ring form the membrane proton channel.

Subunits a, i/j, e, k are in charge of the dimer formation. Bending occurs thanks
to the further help of subunits g and b.

Residues interacting with ATP and the responsible of the proton flux are the
most conserved.
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QUESTIONS

1. Which subunits of the ATP synthase complex interact with the ATP?
Alpha

Beta

a and b are correct

C-ring

All are correct

2. Which subunits of the ATP synthase constitute the rotor?
Gamma, epsilon and delta

Gamma, alpha and beta

Delta, subunit a and c-ring

Subunits a, 8 and c-ring

All are false

3. During the ATP synthesis, the conformational changes of the Beta subunit are due to the:
Rotation of gamma subunit

Interactions with Alpha subunit

Rotation of c-ring

Concentration of ATP

Complex dimerization

4. The central stalk of the ATP synthase complex is formed by:
C-ring and subunit a

F1 subunits

a and b are correct

Subunits gamma, delta and epsilon

All are false

PoOoT® 0Q2O0T® OQOOTD
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QUESTIONS

5. Which residues of the Beta subunit form the Catch 2?
a. 380-406
b. 400-486
c. 1-40
d. 386-400
e. 212-276
6. Which ATPases hydrolyze ATP?
a. V-ATPases
b. P-ATPases
c. aand b are correct
d. E-ATPases
e. All are correct
7. The peripheral stalk is composed by:
a. Subunit a, c-ring and subunit 8
b. Subunit OSCP, subunit b and subunit a
c. Subunit b, subunit d, OSCP and subunit a
d. Subunit OSCP, subunit d, subunit b and subunit h
e. Subunit h, subunit ¢, subunit OSCP and subunit
8. Which specie is the one with the simplest ATP synthase complex?
a. S. cerevisiae
b. E.coli
c. aand b are correct
d. Bos taurus
e. Allare false



QUESTIONS

9. Which statements are correct regarding the change of conformation of the different subunits in ATP synthesis?
1. ADP+Pi bind the protein and the conformation E changes to DP
2. When the formation of ATP is catalyzed the conformation of E changes to TP
3. Whenthe ATP is released the conformation TP changes to E
4. The conformation changes from TP to DP when the ATP is released

a. 1,2,3
b. 1,3
c. 2,4
d 1,234
10. Which subunits hold together the dimer?
1. Subunita
2. Subunitk
3. Subunite
4. Subunit i/j
a. 1,2,3
b. 1,3
c. 2,4
d 1,2,3,4
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SUBUNIT e

Total residues = 96

Polar residues = 51 - Percentage: 53.1
Nonpolar residues = 45 - Percentage: 46.9
Acidic residues = 15 - Percentage: 15.6

Basic residues = 14 - Percentage: 14.6

Basic residues with His = 15 - Percentage: 15.6



SUBUNIT g

Total residues = 115

Polar residues = 61 - Percentage: 53

Nonpolar residues = 54 - Percentage: 46.9
Acidic residues = 5 - Percentage: 4.3

Basic residues = 16 - Percentage: 13.9

Basic residues with His = 18 - Percentage: 15.7
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