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Peptidases: Classification



1. Catalytic types

● According to Enzyme Commission (EC) numbers classification. 



2. Structures

● MEROPS Classification

3. Individual peptidases



Endopeptidases

Serin 

endopeptidases

Cysteine 

endopeptidases

Aspartic 

endopeptidases

Metalo 

endopeptidases

Unknown 

mechanism 

endopeptidases



Aspartic Peptidases

● Protozoa, Viruses, Plants, Vertebrates.

● Two Aspartic Acids (D) are directly responsible for the catalytic activity.

○ Water molecule.

○ Transient tetrahedral intermediate.

● Synthesized as proenzymes → cleavage of the pro-segment.



Superimposition of Aspartic Peptidases

1rne - Renin (Human)

1tzs - Cathepsin E (Human)

4aa8 - Chymosin (Bovine)

1flh - Uropepsin (Human)

4pep - Pepsin (porcine)



2 Asp-Thr/Ser-Gly motifs forming the

catalytic active site

It suggests gene duplication

Residues conserved in

Aspartic Peptidases
Motif Asp38-Thr39-Gly40

Motif Asp226-Thr227-Gly228



Gene duplication

Duplication

Fusion

Duplication

Fusion

Crystal structure of HIV-1 PROTEASE



2 Asp-Thr/Ser-Gly 

motifs

The hydrogen bond 

network Trp45-Tyr83-

water (W2)-Ser 41-

Asp38 is conserved

Residues conserved in Aspartic Peptidases

Ser41

Motif Asp38-Thr39-Gly40

Trp45

Tyr83



Residues conserved in Aspartic Peptidases

2 Asp-Thr/Ser-Gly motifs

The hydrogen bond network

Trp45-Tyr83-water (W2)-Ser

41-Asp38 is present

Threonine 229 is present in

all aspartic proteinases

except renins, where it is

replace by Alanine (in

human) or Serine (in mouse)

Motif Asp226-Thr227-Gly228

Thr229



Residues conserved in all Aspartic Peptidases

2 Asp-Thr/Ser-Gly motifs

The hydrogen bond network

Trp45-Tyr83-water (W2)-Ser

41-Asp38 is present

Flap region of renin



Catalytic reaction

in Aspartic

Peptidases

Substrate

Ala/Ser/Thr in 

renin

226

38

41

83

45

229

43



Target protein Target protein

1 2

226
226

38 38



Target protein

2 3

Target protein

3838

226 226



3

Target protein
Product 1

Product 2

4

226 226

38
38



Aspartic peptidases:

Renin



Aliskiren: the first renin inhibitor for clinical treatment. 2008, Jensen C.

Physiological importance of renin



Renin: structure

SCOP Classification: All-beta



Renin: structure

Pro-renin: 406 aa

● 1-23: signal peptide

● 24-66: propeptide

Renin: 340 aa

● 29 antiparallel β sheets

● 4 α helix

● 2 310 helix

● 18 turns

● 3 disulfide bonds
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Renin: structure

Pro-renin: 406 aa

● 1-23: signal peptide

● 24-66: propeptide

Renin: 340 aa

● 29 antiparallel β sheets

● 4 α helix

● 2 310 helix

● 18 turns

● 3 disulfide bonds
Cys51 - Cys58

Cys217 - Cys221

Cys259 - Cys296



Renin: structure

● Hydrophobic residues: mainly

inside.

● Hydrophilic residues: mainly

outside.



Prorenin

● Cathepsin B cuts ~40 aa

from prorenin to form renin

itself



Renin: phylogenetic tree



Ala/Ser/Thr in Renin

Human renin does not need acidic environment 

for its catalytic activity



Renin-mediated 

angiotensinogen (AGT) cleavage



● Renin cleaves AGT between Leu10 and Val11 releasing the N-terminal

angiotensin I peptide.

Renin Angiotensin I AGT 

● AGT adopts the typical serpin

(serine protease inhibitor)

framework.

Renin-mediated angiotensinogen (AGT) cleavage



The N-terminal tail is sequestered in native AGT

The scissile bond (Leu10–Val11) is

buried in the hydrophobic cavity in

the native AGT, protecting it from

nonspecific cleavage.

AGT has to undergo conformational

changes for the scissile bond to

move out to bind renin.

Crystal structure of native human glycosylated AGT.

Angiotensin I

AGT (11-20) 

Hydrophobic residues



Renin’s Active Site: Junction of two similar

domains, each containing an aspartic acid

residue (Asp38 and Asp226 in human renin)

to form a catalytic dyad.

Renin-mediated angiotensinogen (AGT) cleavage



Asp226 of renin was mutated to

alanine in order to obtain a stable

initiation complex to be crystallized.

Binding interactions between renin and AGT:

Renin active site

Asp 38

Ala 226

AGT  

Renin



Hydrogen bond network conserved among renins

Asp38-Thr39-Gly 40

Asp226-Thr227-Gly228



Fireman’s grip: Asp-Thr-Gly motif

3D structure of motif Asp-Thr-Gly: conserved in Aspartic proteases and retroviral proteases. 

Asp226
Asp38

Asp226Asp38

Gly40
Gly228

Gly228
Gly40

Thr39Thr227 Thr39
Thr227



Atoms Distances (Å)

Ala226-W1 3.7

Asp38-W1 2.9

Asp38-W1 3.0

Val11-W1 3.4

Leu10-W1 3.1

Asp38-Leu10 3.1

Ser41-Asp38 2.9

Ser41-W2 3.0

Leu10-W2 2.8

Renin active site

Ala226

Asp38

Ser41

W1

W2

Leu10

Val11

3.7

2.9

3.0

3.1

3.4

3.1

2.9

3.0

2.8

Conserved hydrogen bond network 

Trp45-Tyr83-W2-Ser41-Asp38



Hydrogen bond network connecting the flap

The Flap sequence is

not conserved in all

renins nor the aspartic

proteases

Flap sequence



Atoms Distances (Å)

Tyr83-W2 2.6

Trp45-Tyr83 3.3

The hydrogen bond network connects 

the flap to the catalytic site. 

Renin active site

Ala226

Asp38

Ser41

Leu10

Val11

Tyr83

W1

W2

Trp45

2.6

3.3

Hydrogen bond network Trp45-

Tyr83-W2-Ser41-Asp38

FLAP



Atoms Distances (Å) 

Ser233-His9 3.0

His9-W3 2.9

Met303-His13 3.6

His13-W3 2.9

W3-W4 2.5

Ser84-W4 3.1

His9-W4 2.8

Val11-W3 2.8

Renin active site (seen from behind)

His13

Ser223

Met303

His9

Ser84

3.0

W3

W4

2.9

3.6
2.9

2.5

3.1

2.8

2.8

Val11



Atoms Distances (Å)

Ser84-W4 3.1

Tyr83-W2 2.6

Arg82-His13 3.0

Renin active site (seen from behind)

His13

W4

Ser84

Tyr83

W2

Tyr82

3.0

2.6

3.1

FLAP



Atoms Distances (Å)

Phe253-Tyr4 4.9-5.7

Phe124-Phe8 4.2-6.2

Pi interactions Renin-AGT

Phe8

Tyr4

Phe253

Phe124

4.2

6.2

5.7

4.9



Pi interactions Renin-AGT

Atoms Distances (Å)

Phe253-Tyr4 4.9-5.7

Phe124-Phe8 4.2-6.2

Phe253

Tyr4
Phe124

Phe8

Renin

AGT



Subsites



Nomenclature of Schechter and Berger for 

subsites

Drugs, enzymes and Receptors of the Renin-Angiotensin. 2000, Husain A.



Renin surface Hydrophilic Hydrophobic

AGT

Frontal view Lateral view



Binding interactions between renin and AGT



S1 AGT

S1 is occupied by an

hydrophobic residue of

P1, a Leucine.

Leu10



Atoms Distances (Å)

Asp38-W1 2.9

Asp38-W1 3.0

Leu10-W1 3.1

Asp38-Leu10 3.1

Leu10-W2 2.8

Tyr83-W2 2.6

S1
AGT

2.9

3.0

3.1

2.8

2.6

Asp38

Tyr83

Leu10

W1

W2



S2 AGT

S2 is important

for the binding

AGT-Renin.

His9



S3 AGT

S3 has preference for

hydrophobic aromatic

residues.

Very important for

binding.

Phe8



Atoms Distances (Å)

Ser230 (N)-Phe8 2.9

Ser230 (O)-Phe8 2.8

Ser230-Thr18 2.5

S3 AGT

2.9

2.8

2.5

Ser230Thr18

Phe8



S1’ AGT

S1’ is critical for the

binding AGT-Renin.

Val11



Atoms Distances (Å)

Ser84 (N)-W4 2.9

Ser84 (O)-W4 3.1

W3-W4 2.5

Val11-W3 2.8

3.1 2.9

2.5

2.8

Ser84

Val11

S1’ AGT



S2’ AGT

S2’ is a polar subsite. It is

occupied by an Isoleucine.

Ile12



Atoms Distances (Å)

Ile12-W5 2.9

Gly40-W5 2.8

S2’ AGT

2.9

Gly40

2.8

Ile12

Ser41



Interactions

AGT-Renin



Hydrophobic interactions between renin and 

AGT
The substantial interactions between the bodies of the two molecules are mainly 

hydrophobic.

AGTRenin

Hydrophobic residues from both 

proteins are facing each other. 



Binding interactions between renin and AGT

Renin

AGT



Atoms Distances (Å)

Tyr15-Asn334 2.9

Tyr60-Asn331 3.7

Thr56-Arg83 3.4

Arg53-Arg83 2.9

Arg53-Glu367 3.7 (Salt Bridge)

Asn334

Tyr15

Asn331
Tyr60

Arg83

Thr56

Arg53

Glu367



Hormone-binding pocket

AGT N-terminus emerges from

the renin active cleft and pokes

into a surface cavity of AGT.

Such cavity is called hormone

binding pocket and is present in

other serpins.

Renin

AGT



“Tail-in-mouth mechanism”

Insertion of the N-terminus into the

hormone binding pocket is needed

to stabilize the complex

Hormone-binding pocket 



Hormone-binding pocket 

Asn300Arg2

Val3

Tyr4

Tyr15 Asn334

Arg2 is buried by Gln300

Val3 and Tyr4 form 

hydropobic interactions

2.6
3.3

2.9



Hormone-binding pocket 

A possible therapeutic 

application



Specificity of Renin-AGT 

interaction



His-Pro-Phe motif in AGT

The His-Pro-Phe motif of angiotensinogen is a crucial determinant of 

the substrate specificity of renin. 2007, Nakagawa T.



Poly-prolines provide an effective mean of

constructing well defined pockets from loops

that would otherwise be more flexible

Pro306, Pro307, Pro308 and Pro311



Flap: residues 81-88

Rigid structure: residues 252-260

Polyproline-loop: residues 306-308, 311

Angiotensin I



Residues in the 

interface 

determine the 

binding affinity of 

renin

Both Asn331 and Asn334 form 

hydrogen bonds with renin 

(Tyr15 and Tyr60)

Tyr15

Tyr60

Asp334

Asp331

2.9

3.7



Renin inhibition: 

Aliskiren



Aliskiren

● Non-peptide inhibitor

● First orally active renin inhibitor approved by FDA in 2007

● Good pharmacological profile:

○ Metabolically stable and half-life of >40h

○ No adverse interactions with a range of drugs that are likely to be co-prescribed

● Stability and efficacy due to:

○ Mimics the transition state tetramer

○ Hydrophobic interactions with renin subsites and hydrogen bonding

○ Only one peptide bond



✓ Tetrahedral geometry

✗ Leaving group

Transition state analogue



Transition state analogue

✓ Tetrahedral geometry

✗ Leaving group

Transition state inhibitorAGT transition state 



Interaction with the subsite pockets

Subsite 2 and subsite 4 are not occupied in non-peptide inhibitors. The hydrogen network 

present there is lost.



Interaction with the subsite pockets

Big hydrophobic 

cavity



S1

S1 is occupied by

an hydrophobic

structure of P1, an

isopropyl moiety

It mimics leucine 10

in AGT

The ring linker and the C-terminal were removed to be able to see the isopropyl moiety

ALISKIREN



2.7

3.0
3.1

3.1

2.8

Asp38

Asp 226

S1

Atoms Distances (Å)

Asp38OD1-N22 3.0

Asp38OD2-O24 2.7

Asp38OD1-O24 3.1

Asp226OD1-O24 2.8

Asp226-OD2-N22 3.1



S1

Atoms Distances (Å)

Asp226OD1-O24 4,0

Asp226OD2-O24 4,1

Asp38OD2-N22 3.9

Asp38

Asp 226



S1

Atoms Distances (Å)

Gly228-N22 3.0

Asp226OD2-N22 3.1

Asp226OD1-N22 2.8

2.8

3.1

3.0

Asp226

Gly228

Ala229

Ser230



S1’

S1’ is partially

filled with

an isopropyl

group

It mimics Val11

in AGT

ALISKIREN



W1

S1’

2.8

2.8
2.6

3.6

2.7

3.1

Atoms Distances (Å)

Gln135O-W1 2.6

Thr309O-W1 2.8

Thr309N-W2 3.1

W2-W3 2.7

W3-O38 3.6

O38-W1 2.8

W2

W3

Thr309

Gln135



S2’

S2’ has some hydrophobic

and hydrophilic residues,

hiding the carboxamide and

the dimetil moieties

The carboxamide moiety

mimics isoleucine 12 in AGT

ALISKIREN



S2’
ALISKIREN

Atoms Distances (Å)

Arg92-N39 2.985

2.985

Trp93

Arg92

Leu91

W1

2.8

2.8
2.6

3.6

2.7

3.1

W2

W3

Thr309

Gln135



S2’
ALISKIREN

Atoms Distances (Å)

Gly40-N32 2.985

2.985

Gly40

Ser41



S3
ALISKIREN

S3 has preference for

hydrophobic aromatic residues.

However, polar methoxy also

sits in this binding site.

The phenyl ring linker between

S1 and S3 mimics Phe 8



S3sp ALISKIREN

The subpocket cannot

be reached by AGT nor

peptide inhibitors

Exploiting it can make

the inhibitor very stable



S3sp ALISKIREN

The subpocket

cannot be reached by

AGT nor peptide

inhibitors

Exploiting it can

make the inhibitor

very stable



Atoms Distances (Å)

Tyr21-O2 3.0

Phe124-C9 7.2

Phe124-C12 3.6

3.0

3.6

7.2

Pi-stacking “T shape”

Phe124

Tyr21

Gln20

S3sp



Pi stacking Tyr83

Phe124

Phe119



Pi stacking

Phe124

T-shape pi stacking



Pi stacking

Displaced

pi stacking
Phe119

Phe119



Take home messages



Take home messages

● Aspartic peptidases have two aspartic acids on its active site (which is

the junction of two similar domains) that are directly responsible for the

catalytic activity of the protein. A water molecule has an essential role in

the catalytic reaction.

● Renin is an aspartic peptidase which cleaves AGT between Leu10 and

Val11 releasing the N-terminal angiotensin I peptide.

● The hydrogen bond network located in the active site is the setting where

it takes place the catalytic reaction.



Take home messages

● AGT has to undergo conformational changes in order to expose the N-

terminal tail allowing renin to cleave it.

● Insertion of the N-terminus into the hormone binding pocket is needed to

stabilize the complex.

● Aliskiren non-peptide inhibitor of renin.

● It is a transition-state analogue because it mimics the transition state of

the catalytic reaction but has no leaving group in order to proceed with it.



Conclusions



Conclusions

● Renin plays an essential role in the control of blood pressure.

● People taking ACE-inhibitors can overexpress renin as a

compensation mechanism, which makes it important to find renin-

inhibitors.

● The understanding of the protein structure and its interactions with

angiotensinogen is essential to develop new inhibitors.

● An alternative potential target would be to block the angiotensinogen

hormone-binding pocket.
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Multiple-choice 

questions



MULTIPLE CHOICE QUESTIONS

1. The reasons why aliskiren is very stable and effective in inhibiting renin are:

a. It is a non-peptide inhibitor, which means that it is more difficult for proteases to break it than peptide inhibitors.

b. It is a transition state analogue.

c. a and b are correct.

d. The multiple hydrogen bonds with renin residues and the binding to renin specificity subsites makes it more stable.

e. a, b and d are correct.

2. In reference to aliskiren:

a. It is a non-peptide inhibitor

b. It is a peptide inhibitor

c. a and b are correct

d. Its function is inhibiting the angiotensinogen

e. a, b and d are correct



MULTIPLE CHOICE QUESTIONS

1. In reference to the activity of aspartic proteases in an acidic environment:

a. The presence of a specific Thr in Aspartic proteases conferes them this activity.

b. Renin does not cleave in an acidic environment.

c. a and b are correct.

d. Renin is the only Aspartic protease that can cleave in an acidic environment and a neutral environment.

e. a, b and d are correct.

2. About the active site of renin, which statement is correct?

a. There is an important salt bridge network that is conserved in all renins.

b. The presence of the Fireman’s grip is characteristic not only in renin but also in other aspartic proteases.

c. a and b are correct.

d. It is composed of three Aspartic acids that play an important role in the catalytic reaction.

e. a, b and d are correct.

3. The cleavage of Angiotensinogen by renin ...

a. Is highly specific and can be explained by different reasons.

b. Is performed between the positions 10 and 11 of AGT.

c. a and b are correct

d. Releases the N-terminal part of Angiotensinogen, which is known as Angiotensin I and has its physiological effects in blood pressure.

e. a, b and d are correct.



MULTIPLE CHOICE QUESTIONS

1. The hormone-binding pocket of Angiotensinogen:

a. It plays an essential role in the stabilization of the complex AGT-renin.

b. It can be a potential target to inhibit the formation of Angiotensin I.

c. a and b are correct.

d. Aliskiren is a hormone-binding pocket inhibitor.

e. a, b and d are correct.

2. Which residues are essential in the catalytic site of renin?

a. Two aspartic acids.

b. A water molecule.

c. a and b are correct.

d. Only one aspartic acid and one water molecule.

e. a, b and d are correct.

3. How is renin classified in SCOP?

a. All alpha proteins.

b. All beta proteins.

c. Alpha and beta proteins (a/b).

d. Alpha and beta proteins (a+b).

e. Membrane and cell surface proteins.



MULTIPLE CHOICE QUESTIONS
1. Which is/are some of the different theories that explain renin specificity for angiotensinogen?

1- The presence of a Histidine-Proline-Phenylalanine motif in AGT.

2- There are important residues in renin AGT interface that are not highly conserved

3- Poly-proline provides a way to construct well defined pockets that would otherwise be more flexible.

4- This interaction is not highly specific, renin has many other substrates.

a) 1, 2 and 3

b) 1 and 3

c) 2 and 4

d) 4

e) 1, 2, 3 and 4

2. Regarding general characteristics of peptidases, which sentence is NOT correct?

a) Peptidases include endopeptidases, which perform their action in inner regions of the polypeptide chain, and exopeptidases, which

act in both extremes.

b) There is a 3 level-classification of peptidases: catalytic type, structure and individual peptidases.

c) It is thought that a gene duplication process took place in aspartic peptidases.

d) Aspartic proteases are synthetized as active enzymes.

e) Peptidases are involved in many different process in the organism.
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