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● V-ATPases: located in vacuoles in eukaryotic cells.

● E-ATPases: located in the cellular surface

● P-ATPases: located in bacteria, organelles and

eukaryote plasmatic membranes

● F-ATPases: located in the mitochondria, chloroplast and

bacterial plasmatic membrane.

● A-ATPases: located in Archaea

ATP synthesis

ATP hydrolysis

ATPase CLASSIFICATION
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Proton gradient
Protons pass 
through Fo

F1 coupled ADP + P ATP

● Located in the mitochondrial membrane,

chloroplasts and bacterial plasmatic membrane

● 10nm diameter

● Almost 100% effectivity

● Two functional domains: F1 and Fo

ATP SYNTHASE
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Proton gradient
Protons pass 
through Fo

F1 coupled ADP + P ATP

ATP SYNTHASE
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YEAST F1-Fo ATP SYNTHASE

F1 Fo

Catalytic 

head

Central 

stalk

Peripheral 

Stalk

Rotor Supernumerary 

subunits

𝛼 𝛾 b a f

𝛽 𝛿 OSCP 8 i/j
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● SUBUNIT ALPHA

● SUBUNIT BETA

● SUBUNIT GAMMA

● SUBUNIT DELTA

● SUBUNIT EPSILON

● SUBUNIT c

● SUBUNIT a

● SUBUNIT b

● SUBUNIT 8

● SUBUNIT f

● SUBUNIT d

● SUBUNIT OSCP

● SUBUNIT h

● SUBUNIT e

● SUBUNIT g

● SUBUNIT k

● SUBUNIT i/j

YEAST F1-Fo ATP SYNTHASE
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YEAST F1-Fo ATP SYNTHASE: hydrophobicity

HYDROPHILIC

HYDROPHOBIC

Matrix regions

● Total residues =  2183 

● Polar residues = 1190 - Percentage:  54.5
● 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

Membrane-embedded regions

● 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 
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● ALPHA

● BETA

● GAMMA

● DELTA

● EPSILON

F1 ATP SYNTHASE
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● ALPHA

● BETA

ALPHA AND BETA COMPLEX
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E

TP

DP

● ALPHA

● BETA

ALPHA AND BETA COMPLEX

ADP+Pi bind

E DP TP E

ATP catalyzed

ATP released
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● ALPHA

● BETA

ALPHA AND BETA COMPLEX
Beta barrel

Alpha helix bundle
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ALPHA AND BETA COMPLEX
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510 aa
Catalytic head

ALPHA

Beta barrel and alpha helix bundle
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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 
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478 aa
Catalytic head

BETA

Beta barrel and alpha helix bundle
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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 
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1. ALA 51.A N     LEU 70.E O      2.661Å

2. GLY 69.E N     ALA 51.A O      3.047Å  

3. LEU 68.A N     VAL 16.E O      2.741Å

4. VAL 16.E N     LEU 68.A O      2.718Å 

ALPHA-BETA INTERACTIONS 

1
2

3/4
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1. ARG 72.E NH2  LEU 46.A O     2.910Å 

2. ARG 72.E NH2  GLY 45.A O    2.798 Å  

3. ARG 72.E NH1  GLU 69.A O    2.866Å  

ALPHA-BETA INTERACTIONS 
ARG 72.E N    HOH 826.A O   2.876Å

ARG 72.E NE   HOH 826.A O   3.075Å  

ARG 72.E NH2  HOH 826.A O   3.852Å  

1

2

3
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ARG 375.A NE   GLU 193.E OE2   3.483Å  

ARG 375.A NH2  GLU 193.E OE1   4.064Å  

ARG 375.A NH2  GLU 193.E OE2   3.006Å  

ALPHA-BETA INTERACTIONS 
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ALPHA-BETA INTERACTIONS 

ARG 190.E NE THR 348.A O 3.228Å
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LYS 134.A NZ  ASP 65.E OD1   2.761Å 

LYS 134.A NZ  ASP 65.E OD2   3.033Å 

HOH 809.A O   LYS 134.A O    2.754Å 

ALPHA-BETA INTERACTIONS 
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ALPHA-BETA INTERACTIONS 

1. ASN 195.E ND2  ILE 138.A O   2.763Å 

2. ASN 195.E ND2  ARG 141.A O   3.088Å 

2

1
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ALPHA-BETA INTERACTIONS 
2. SER 143.A OG  ASP 196.E OD1    2.703Å  1. SER 305.A OG  MET 222.E O     2.713Å 

1

2
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ALPHA-BETA INTERACTIONS 

GLN 50.A NE2   GLY 69.E O      3.534Å
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THR 191.E N    GLU 309.A OE1   3.038Å

THR 191.E OG1  GLU 309.A OE1   2.730Å

ALPHA-BETA INTERACTIONS 
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ALPHA-BETA INTERACTIONS 

ARG 192.E NE   ASP 349.A OD1  2.715Å
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ALPHA-BETA INTERACTIONS 

LYS 317.A NZ   GLU 105.E OE1   3.863Å
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ALPHA BETA

- Arg375

- Thr178

- Lys163

- Arg190

- Gly162

- Thr164

- Glu189

- Gly160

- Arg260

- Asn257

Nucleotide Phosphate interaction

N. phosphate + Magnesium

Only TP

Only E

Types of interactions

1. Hydrogen bonds

2. Salt bridges

3. Ionic/electrostatic interactions

LIGAND INTERACTIONS
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TPE DP

⍺Arg375

1

5

4

32

LIGAND INTERACTIONS
1. NH2(Arg)-PO4 2,998Å

2. NH2(Arg)-O3G (ANP) 2,668Å

3. NH2(Arg)-O3G (ANP) 2,857Å 

4. NH2(Arg)-O3G (ANP) 3,348Å 

5. NH2(Arg)-O3G (ANP) 3,241Å
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TPE DP

⍺Thr178

2 1

3 46
5 7 8

9

LIGAND INTERACTIONS
1. OG1(Thr)-O2B(ANP) 2,975Å

2. OG1(Thr)-Mg 2,081Å

3. N(Thr)-O2B(ANP) 3,260Å

4. OG1(Thr)-O2B (ANP) 2,669Å

5. N(Thr)-O2B (ANP) 3,024Å

6.   OG1(Thr)-Mg 1,875Å

7.    OG1(Thr)-Mg 2,186Å

8.    OG1(Thr)-O2B (ANP) 3,141Å

9.    N(Thr)-O2B (ANP) 3,220Å
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TPE DP

ßLys163

1 5

4
2

3

7 8

6
11

10

9

LIGAND INTERACTIONS
7. NZ(Lys)-O(Gly) 2,934Å

8. NZ(Lys)-O(Gly) 3,237Å

9. NZ(Lys)-O1G(ANP) 2,842Å

10. NZ(Lys)-O2G(ANP) 3,271Å

11. NZ(Lys)-O1B(ANP) 2,650Å

1. NZ(Lys)-OD2(Asp) 2,989Å

2. NZ(Lys)-O1G(ANP) 2,573Å

3. NZ(Lys)-O(Gly) 2,877Å

4. NZ(Lys)-O1B(ANP) 2,715Å

5. N(Lys)-O1B(ANP) 2,869Å

6. N(Lys)-O1B(ANP) 3,206Å
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TPE DP

ßArg190

2

1

5
4

3

67

LIGAND INTERACTIONS
1. NH1(Arg)-O1(PO4) 2,826Å

2. NH1(Arg)-O(Thr) 2,892Å

3. NH2(Arg)-O3G(ANP) 2,971Å

4. NH1(Arg)-O3G(ANP) 3,093Å

5. NH1(Arg)-O2G(ANP) 3,059Å

6. NH2(Arg)-O3G(ANP) 2,833Å

7. NH1(Arg)-O3G(ANP) 3,030Å
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TPE DP

ßGly162

1
2

3

LIGAND INTERACTIONS 1. N(Gly)-O3A(ANP) 2,832Å

2. N(Gly)-O1B(ANP) 2,920Å

3. N(Gly)-O1B(ANP) 3,165Å

34



TPE DP

ßThr164

4

3

2

56

LIGAND INTERACTIONS

1

1. OG1(Thr)-Mg 1,906Å

2. OG1(Thr)-O2G (ANP) 3,418Å

3. OG1(Thr)-O2B (ANP) 2,640Å

4. N(Thr)-O2B (ANP) 3,143Å

5. N(Thr)-O2B (ANP) 2,692Å

6. OG1(Thr)-O2B (ANP) 2,581Å

7. OG1(Thr)-Mg 2,137Å

7
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TPE DP

ßGlu189

1. OE1(Glu)-Mg 2,709Å 

LIGAND INTERACTIONS

1
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TPE DP

ßGly160

1. N(Gly)-O1G (ANP) 2,683Å

LIGAND INTERACTIONS

1
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TPE DP

ßArg260

2

1

LIGAND INTERACTIONS
1. NH1Arg)-O1(PO4) 3,262Å

2. NH2(Arg)-O1(PO4) 3,092Å
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TPE DP

ßAsn257

1. ND2(Asn)-O4(PO4) 2,978ÅLIGAND INTERACTIONS

1
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CENTRAL STALK: γ, δ and ε subunits

● DELTA

● GAMMA

● EPSILON
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61 aa
Central stalk

EPSILON

41

C-ter

N-ter



EPSILON-DELTA
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EPSILON-GAMMA

43



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 
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Hydrophobic pocket

EPSILON

Trp 3, Tyr 10 and Tyr 13
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N-ter

C-ter

278 aa
Central stalk 

GAMMA
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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 
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Residues 9-13

The rotation angle of these 
residues determinate the affinity 

of the catalytic sites.

GAMMA 
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Residues 5-9 
(N-ter) and 

256-265 (C-ter)

Affinity determining segments 

GAMMA
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GAMMA-BETA INTERACTIONS

Catch 2
(βE386-400)

γ-subunit

50

Conserved acidic 
region



Beta TP

LEU 83.G N    GLU 395.F OE1   3.005 Å

GAMMA-BETA INTERACTIONS
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Beta DP

1. LYS 81.G NZ   GLU 395.D OE1  4.170Å
2. LYS 81.G NZ   GLU 395.D OE2   3.759Å

Catch 2
(386-400)

GAMMA-BETA INTERACTIONS

1

2
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GAMMA-BETA INTERACTIONS

VAL 279.E N    THR 264.G OG1   3.086Å
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138 aa
Central stalk

DELTA
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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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Fo ATP SYNTHASE

● SUBUNIT OSCP

● SUBUNIT d

● SUBUNIT b

● SUBUNIT h

● SUBUNIT f

● SUBUNIT e

● SUBUNIT g

● SUBUNIT k

● SUBUNIT i/j

● SUBUNIT c

● SUBUNIT a

● SUBUNIT 8

56

Peripheral 
stalk

Rotor



c-ring (10 monomers)

SUBUNIT c: OLIGOMER
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74 aa
Rotor, H+ transport

2 transmembrane helices
Highly polar Arg loop

SUBUNIT c: MONOMER Glu59

58



SUBUNIT c

● 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 
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249 aa
Rotor

6 helices

SUBUNIT a
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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
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PROTON FLUX

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

-+-
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PROTON FLUX

Guo, H., Bueler, S. and Rubinstein, J. (2017). Atomic model for the dimeric FOregion of 

mitochondrial ATP synthase. Science, 358(6365), pp.936-940

-+-

-
- -

-+
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PROTON FLUX

Glu223 → H+ → Glu59(deprot) 

= neutralization

H+

1 2 53

Rotation (36º) of the c-ring Glu59(prot) → H+ → Arg176

Arg176 → Glu162/Asp244 → H+

→ Matrix

Glu59(deprot)

2

1
3

4

5

64

4

H+
H+



SUBUNIT d

173 aa
4 helices

Peripheral stalk
65



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 
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209 aa
Peripheral stalk

5 helices

SUBUNIT b

67



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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195 aa
Peripheral stalk

8 helices

SUBUNIT OSCP
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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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20 aa
Peripheral stalk

1 helix

SUBUNIT h
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95 aa
Supernumerary subunit

4 helices

SUBUNIT f

72



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
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48 aa
Rotor

1 transmembrane helix

SUBUNIT 8

74



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
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ILE 8.M N      GLN 3.L OE1   3.820Å

SUBUNIT 8-SUBUNIT a INTERACTIONS

76



TYR 39.L OH  GLU 63.M OE2   2.417Å

TYR 39.L OH  ASP 67.M OD2   2.986Å

SUBUNIT 8-SUBUNIT a INTERACTIONS
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ARG 42.L NE    ILE 53.M O     3.523Å

ARG 42.L NH2 ILE 53.M O 3.371Å

SUBUNIT 8-SUBUNIT a INTERACTIONS
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PERIPHERAL STALK

● SUBUNIT b

● SUBUNIT d

● SUBUNIT OSCP

● SUBUNIT h

● SUBUNIT b

● SUBUNIT d

● SUBUNIT OSCP

● SUBUNIT h

● SUBUNIT f

● SUBUNIT 8
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SUBUNITs e and g

Subunit e
49 aa

Supernumerary subunit
1 helix

Subunit g
106 aa

Supernumerary subunit
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SUBUNIT e

Davies, K., Anselmi, C., Wittig, I., Faraldo-Gomez, J. and Kuhlbrandt, W. (2012). Structure of the yeast F1Fo-ATP synthase dimer and its role in shaping the 
mitochondrial cristae. Proceedings of the National Academy of Sciences, 109(34), pp.13602-13607.
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SUBUNIT i/j

82

59 aa
Supernumerary subunit
1 transmembrane 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 
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SUBUNIT k

28 aa
Supernumerary subunit
1 transmembrane helix

84



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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ATP SYNTHASE dimer

180º

matrix

membrane

intermembran
e space
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Fo ATP SYNTHASE DIMER

● SUBUNIT a

● SUBUNIT i/j

● SUBUNIT e

● SUBUNIT k

Guo, H., Bueler, S. and Rubinstein, J. (2017). Atomic model for the dimeric FOregion of mitochondrial ATP synthase. Science, 358(6365), pp.936-940
87



Fo ATP SYNTHASE DIMER

● SUBUNIT b

● SUBUNIT e

● SUBUNIT g

● SUBUNIT k

86º

88



STRUCTURE ALIGNMENT

Saccharomyces cerevisiae

Manual search on PDB

TARGET

TEMPLATES

STAMP: PDBtoSplitChain.pl + stamp.py

Structural: HMMalign2 Sequence: Clustalw

SUPERIMPOSITION

ALIGNMENT

ANALYSIS

2

1

3

4

5

Psi-blast: 5 SwissProt + PDB

89



SEQUENCE ALIGNMENT

Saccharomyces cerevisiae

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

TARGET

TEMPLATES

Sequence: Clustalw

ALIGNMENT

ANALYSIS

1

2

3

4
90



F1: Alpha structural alignment

Sc: 7.91    RMS: 1.09 91



T348 D349Q50 A51

l68 e69

G45 L46

R375

K134 I138 R141 S143

S305 E309 K317

T178

F1: Alpha structural alignment
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Q50 A51 L68 E69

G45 L46

K134 I138 R141 S143

T178

F1: Alpha 
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T348 D349 R375

S305 E309 K317

F1: Alpha 
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F1: Beta structural alignment

Sc: 8.88 RMS: 1.18
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V16

G69 L70 R72

E189 R190 T191 R192 E193 N195 D196

D65

M222

G160 G162 K163 T164

N257 R260

F1: Beta structural alignment

Res 384-400
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V16

G69 L70 R72

E193E189 R190 T191 R192

D65

N195 D196 M222

E105

G160 G162 K163 T164

N257 R260

F1: Beta 
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F1: Beta 

98

Res 384-400



F1: Gamma structural alignment

Sc: 5.86 RMS: 1.5
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K81 L83

Res 5-13 K21 K24  R30    S32

F1: Gamma structural alignment
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Res 256-265

D202

F1: Gamma structural alignment
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K81 L83

Res 5-13 K21 K24          R30 S32

F1: Gamma sequence alignment
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Res 256-265

D202

F1: Gamma sequence alignment
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F1: Delta structural alignment

Beta-sandwitch

Sc: 7.23 RMS: 1.55

Alpha-domains
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Beta-sandwitch

Alpha-domains

F1: Delta sequence alignment
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F1: Epsilon structural alignment

Alpha-helixes 

Sc: 4.11 RMS: 2.85

106

W3 Y10 Y13



F1: Epsilon sequence alignment

Alpha-helixes 

107

W3 Y10 Y13



Fo: c structural alignment

R39

A56 Loop Alpha-helixes

Sc:  7.05 RMS: 1.79 108

E59



R39
A56

Fo: c sequence alignment

Alpha-helixes

Loop

109

E59



Fo: a structural alignment

Q230

I8

E63 D67

I53

Sc: 2.91 RMS: 3.49

110

E162 R176

E223

D244



I8

E63       D67I53

111

E162

Fo: a sequence alignment



Fo: a sequence alignment

Q230

112

R176 E223

D244



Fo: OSCP structural + sequence alignment

Sc: 5.66 RMS: 1.80
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Fo: b structural alignment

Sc: 3.38 RMS: 2.14 114



Fo: b sequence 
alignment

115



Fo: d structural + sequence alignment

Sc: 2.00 RMS: 2.04 116



Q3
Y39 R42

Fo: 8 sequence alignment
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Fo: e, f and g sequence alignment
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Reminders

❖ 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?

a. Alpha

b. Beta

c. a and b are correct

d. C-ring

e. All are correct 

2. Which subunits of the ATP synthase constitute the rotor?

a. Gamma, epsilon and delta

b. Gamma, alpha and beta

c. Delta, subunit a and c-ring

d. Subunits a, 8 and c-ring

e. All are false

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

a. Rotation of gamma subunit

b. Interactions with Alpha subunit

c. Rotation of c-ring

d. Concentration of ATP

e. Complex dimerization

4. The central stalk of the ATP synthase complex is formed by:

a. C-ring and subunit a

b. F1 subunits

c. a and b are correct

d. Subunits gamma, delta and epsilon

e. All are false
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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. a and 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 c, subunit OSCP and subunit j

8. Which specie is the one with the simplest ATP synthase complex?

a. S. cerevisiae

b. E. coli

c. a and b are correct

d. Bos taurus

e. All are false
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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. When the 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, 2, 3, 4

10. Which subunits hold together the dimer?

1. Subunit a

2. Subunit k

3. Subunit e

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 
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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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