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FAD binding proteins

Glutathione reductase (GR)

Ferredoxin reductase (FR)

p-cresol methylhydroxylase (PCMH)

Pyruvate oxidase (PO)

4 families

Proteins inside each family also 

bind NADPH

Introduction
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The glutathione reductase (GR) 
Introduction

Dimerization domain

NADPH binding domain

FAD binding domain
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NADPH
Introduction

Image extracted from: Berkholz D, Faber H, Savvides S, Karplus P. 3DK4: Catalytic 
cycle of human glutathione reductase near 1 A resolution [Internet]. RCSB PDB. 2008 
[cited 16 February 2019]. Available from: https://www.rcsb.org/structure/3dk4
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FAD
Introduction

Image extracted from: Berkholz D, Faber H, Savvides S, Karplus P. 3DK4: Catalytic 
cycle of human glutathione reductase near 1 A resolution [Internet]. RCSB PDB. 2008 
[cited 16 February 2019]. Available from: https://www.rcsb.org/structure/3dk4
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Catalytic cycle of the GR
Introduction

FAD N5 NADPH C4
FAD

CYS 63

CYS 58

GSSG

His 467’

Glu 472’

Image extracted from: Berkholz D, Faber H, Savvides S, Karplus P. Catalytic Cycle of Human 
Glutathione Reductase Near 1 Å Resolution. J Mol Biol Mol. 2008;382(2):371-384.
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Structural motifs that bind 

nucleotides

β-strands are hydrogen bonded 

and form a β-sheet

6 β-strands connected by 

α-helices

Rossmann Fold

Canonical Rossmann Fold

Europe P. Phaser - a "stunning" method 
for solving crystal structures ‹ Quips ‹ 
PDBe ‹ EMBL-EBI [Internet]. Ebi.ac.uk. 
2019 [cited 19 February 2019]. Available 
from: 
http://www.ebi.ac.uk/pdbe/quips?story=P
haser

Laurino P, Tóth-Petróczy Á, 
Meana-Pañeda et al. An Ancient 
Fingerprint Indicates the Common 
Ancestry of Rossmann-Fold 
Enzymes Utilizing Different 
Ribose-Based Cofactors. PLOS 
Biology. 2016;14(3):e1002396.
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Rossmann fold core
Phosphate binding region 
GXGXXG/A or GXXXG/A

Core with small hydrophobic 
amino acids

Negatively charged residue (Glu or 
Asp) at the end of the second beta 
strand

Rossmann Fold

Positively charged residue (Arg or 
Lys) at the beginning of the first beta 
strand 

Conserved

Structure of a Rossmann-fold NAD(P)-binding family protein from Shigella flexneri.

The minimum structure necessary to bind the cofactor
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FAD binding domain
Rossmann Fold



Introduction Rosmann Fold GR interactions Alignments

FAD’s rossmann fold core
Rossmann Fold
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NADPH binding domain
Rossmann Fold
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NADPH’s rossmann fold core
Rossmann Fold
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FAD Hbonds
GR interactions
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GLY 31
GR interactions

Gly 31

FAD



Introduction Rosmann Fold GR interactions Alignments

ALA 130 / SER 51 / GLU 50
Ala 130

Ser 51

Glu 50

FAD

GR interactions
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THR 57
GR interactions

Thr 54
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LYS 66
GR interactions

FAD
Lys 66
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THR 339
GR interactions

Thr 339

FAD



Introduction Rosmann Fold GR interactions Alignments

ASP 331
GR interactions

FAD

Asp 331
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Hydrophobic interactions FAD
GR interactions

ILE 198

THR 57
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Cys 90

Cys 58 - Cys 63

CYS interactions
GR interactions
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NADPH interactions
GR interactions

TYR 197

ILE 198

LEU 337

ARG 224

ARG 218

ALA 195

ILE 289
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ALA 195
GR interactions

NADPH
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TYR 197 - THR369
GR interactions

NADPH
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ARG 218
GR interactions
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ARG 224
GR interactions

NADPH



Introduction Rosmann Fold GR interactions Alignments

LEU 337
GR interactions

NADPH
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ILE 198

ILE 198

NAD

GR interactions

NADPH
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Glutathione interactions
GR interactions

CYS 58

ARG 347



Introduction Rosmann Fold GR interactions Alignments

ARG 347 
GR interactions

ARG 347

Carboxyl group of 
Glutathione I
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CYS 58 
GR interactions

CYS I (GSH I)

CYS 58
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Sequence alignment between species
Alignments

Mitochondrial GR: 2, 4, 6, 9

Cytosolic GR: 1, 3, 5, 7, 8

GXGXXG

Gly 31

Glu 50 

Ser 51

Thr 57 

Cys 58

Gly 62 

Cys 63

Cys 58 Cys 63

Lys 66

Ala 130

Purple: conserved motifs

Red: FAD interactions

Blue: NADPH interactions

Green: GSSG interactions

FAD Rossmann fold 

motif

Catalytic Cys motif
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Sequence alignment between species Mitochondrial GR: 2, 4, 6, 9

Cytosolic GR: 1, 3, 5, 7, 8

Alignments

Thr 156

Ala 195 

Tyr 197 Arg 218 Arg 224

G

XGXXA

Purple: conserved motifs

Red: FAD interactions

Blue: NADPH interactions

Green: GSSG interactions

NADPH Rossmann fold motif
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Sequence alignment between species Mitochondrial GR: 2, 4, 6, 9

Cytosolic GR: 1, 3, 5, 7, 8

Asp 331 Leu 337 Thr 339 Arg 347

Purple: conserved motifs

Red: FAD interactions

Blue: NADPH interactions

Green: GSSG interactions

Flavin ring contact motif

Alignments
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Sequence alignment between species Mitochondrial GR: 2, 4, 6, 9

Cytosolic GR: 1, 3, 5, 7, 8

Purple: conserved motifs

Red: FAD interactions

Blue: NADPH interactions

Green: GSSG interactions

Interface domain: highly conserved

Alignments
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Structural alignment between species

GR + FAD 
PDB code Species 

3GRS Homo sapiens

1GER Esquerichia coli

1ONF Plasmodium falciparum

6DU7 Streptococcus pneumoniae

3O0H

Bartonella henselae (strain 

ATCC 49882 / DSM 28221 / 

Houston 1)

6B4O Enterococcus faecalis

5U1O

Vibrio parahaemolyticus 

serotype O3:K6 (strain RIMD 

2210633)

4DNA Rhizobium meliloti

Chain A

Rough STAMP

Alignments



Introduction Rosmann Fold GR interactions Alignments

Structural alignment between species 1onf: P. falciparum

3grs: H. sapiens

6du7: P. falciparum

6b4o: E. faecalis

1ger: E. coli

5u1o: V. parahaemolyticus

3o0h: B. henselae

4dna: R. meliloti

Pink: α-helix

Yellow: 

β-strand

FAD Rossmann fold core

Alignments

Molecular diad

Molecular diad

β-sheet β-sheet

β-sheet

β 

meandre
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Structural alignment between species 1onf: P. falciparum

3grs: H. sapiens

6du7: P. falciparum

6b4o: E. faecalis

1ger: E. coli

5u1o: V. parahaemolyticus

3o0h: B. henselae

4dna: R. meliloti

Pink: α-helix

Yellow: 

β-strand

Alignments

β meandre

β-sheet β-sheet

NADPH Rossmann fold core

β-sheet
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Structural alignment between species 1onf: P. falciparum

3grs: H. sapiens

6du7: P. falciparum

6b4o: E. faecalis

1ger: E. coli

5u1o: V. parahaemolyticus

3o0h: B. henselae

4dna: R. meliloti

Pink: α-helix

Yellow: 

β-strand

Alignments

β meandre β-sheet
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Structural alignment between species 1onf: P. falciparum

3grs: H. sapiens

6du7: P. falciparum

6b4o: E. faecalis

1ger: E. coli

5u1o: V. parahaemolyticus

3o0h: B. henselae

4dna: R. meliloti

Pink: α-helix

Yellow: 

β-strand

Alignments

Interface domain

Interface domain
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Chain PDB 
code Colour Species

A 1onf  Dark blue Plasmodium falciparum

B 3grs Light blue Homo sapiens

C 6du7 Turquoise Plasmodium falciparum

D 6b4o Light green Enterococcus faecalis

E 1ger Green Esquerichia coli

F 5u1o Yellow Vibrio parahaemolyticus

G 3o0h Orange Bartonella henselae 

H 4dna Red Rhizobium meliloti

Alignments

Structural superimpostition between species
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Overall similar 
structure

More 
changes in 
the loops

Changes in 
the 

Terminal 
sites 

Human structure 

has bigger loops 

Alignments
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Homo sapiens

Catalytic cycle structural superimposition on human GR

Changes in the 
sidechain, not 

on the 
backbone

PDB 
code

Ligands/ 
cofactors

3DK9 FAD 

3DK8 FAD GSH

3DK4 FAD NDP GSH

3DJJ FAD NDP

Alignments
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PDB 
code

Ligands/
cofactors

Color 
chain 

3DK9 FAD Grey

3DK8 FAD GSH Pink

3DK4 FAD NDP GSH Orange

3DJJ FAD NDP Blue

Catalytic cycle structural superimposition on human GR
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CYS 58 - CYS 63
Alignments
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TYR 114
Alignments

TYR114
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TYR 197 - ILE 198
Alignments

TYR 197

ILE 198
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PEM questions
1. Which molecule binds to glutathione reductase?

a. NADPH
b. Glutathione
c. The two previous
d. FAD
e. All of the above

2. The Rossmann fold:
a. Binds nucleotides
b. Binds gutathione
c. Binds peptides
d. Binds steroids
e. All of the above

3. Which amino acid interacts with the NADPH, pushing it 
against the FAD?

a. Cys 63
b. Cys 58
c. Tyr 197
d. Gly 31
e. Glu 50

4. The conserved motifs on the Rossmann fold are:
1. AXXhXR
2. HXXPXXC
3. CVXTA
4. GXGXXG

a. 1, 2, 3
b. 1,3
c. 2, 4
d. 1, 2, 3, 4
e. 4

5. Which of these are FAD binding proteins?
a. glutathione reductase
b. Ferredoxin reductase
c. p-cresol methylhydroxylase
d. Pyruvate oxidase
e. all of the above  
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PEM questions
6. Conserved characteristics of the Rossmann fold core are

1. Phosphate binding region GXGXXG or 
GXXXG/A

2. Core with small hydrophobic amino acids
3. Negatively charged residue (Glu or Asp) at 

the end of the second beta strand
4. Positively charged residue (Arg or Lys) at 

the beginning of the first beta strand
b. 1, 2, 3
c. 1,3
d. 2, 4
e. 1, 2, 3, 4
f. 4

7. Which of the following residues are conserved in the 
catalytic disulphide site of the Glutathione reductase?

a. Cys 63
b. Cys 53
c. a and b are correct
d. Arg 218
e. all of the above

8. Which of the following domains are present in the 
glutathione reductase:

a. FAD domain
b. NAD domain
c. a and b are correct
d. Interface domain
e. All of the above 

9. Which aminoacid makes a Van der Waals contact with the 
glutathione?

a. Cystein 63
b. Glycine 
c. Threonine
d. Cystein 58
e. None of the above

10. The Rossmann fold core is formed by:
a. βαβ
b. Two consecutive α helices
c. a and b are correct
d. β-meander
e. None of the above
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Thank you for your attention


