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PDB code: 5EHH

Human DPP III – endomorphin-2 complex

!



Human DPP III – tynorphin complex
pdb codes: 3T6B i 3T6 (Bezzera et. al. Proc.Natl.Acad.Sci.USA (2012) 109: 6525-6530)

Zn position (in 3T6B) determined using the complex with Leu-
enkephalin (5E3A) as a template (alignement of H450, H455 and E508)

NO ZN2+



MOLECULAR MODELING STUDY
 3T6B starting complex structure (Zn position determined using DPP III – Leu-
enkephalin complex structure, 5E3A, as a template)

 Complex structure obatined after 10 ns of MD simulation (AMBER14, ff14sb, 
nonbonding zinc parameters) was used to determine water molecules in the 1st

and 2nd protein solvatation sphere.

 In the minimized structure obtaind after 10 ns of MD simulations positions of 
Y318, H450, E451, H455, E508, H568, Zn and tynorphin were adjusted using the X-
ray structure (3T6B) as a template.

 The water molecule coordinated to the zinc ion was added manually based on 
its position in the Michaelis complex structrue obtained by QMMM optimization of 
the hDPP III – Leu-enkephalin complex.



QMMM calculations
 2-layer ONIOM calculations (Gaussian 09) 

◦ QM: Y318, H450, E451, H455, E508, H568, Zn, zinc-coordinated water and tynorphin 

◦ MM: rest of the protein and waters

◦ Optimization, scan, TS calculations, IRC B97D/[6-31G(d) + LanL2DZ-ECP] +parm96 force 
field

◦ Charge embedding



-5

5

15

25

35

45

55

65

ES TS1 INT1 TS2 P

Δ
E

/ 
(k

J/
m

o
l)

reaction coordinate

B97D/[6-31G(d) + LanL2DZ-ECP] + ZPVEB97D/[6-31G(d) + LanL2DZ-ECP]



-5

5

15

25

35

45

55

65

ES TS1 INT1 TS2 P

Δ
E

/ 
(k

J/
m

o
l)

reaction coordinate

B97D/[6-31G(d) + LanL2DZ-ECP] + ZPVEB97D/[6-31G(d) + LanL2DZ-ECP]

0,00

5,00

10,00

15,00

20,00

25,00

30,00

35,00

40,00

45,00

50,00

55,00

2.96 2.86 2.76 2.66 2.56 2.46 2.36 2.26 2.16 2.06 1.96 1.86

Δ
E

/ 
(k

J/
m

o
l)

d (Zn-Os) / Å

Zn - Os distance scan



-5

5

15

25

35

45

55

65

ES TS1 INT1 TS2 INT2 TS3 INT3 TS4 P

Δ
E

/ 
(k

J/
m

o
l)

reaction coordinate

Glu451-assisted water 
addition 

(OH− nucleophile attack)

N-inversion

-5

5

15

25

35

45

55

65

ES TS1 INT1 TS2 P

Δ
E

/ 
(k

J/
m

o
l)

reaction coordinate

Glu451-assisted water 
addition + N-inversion

H-transfer + peptide 
bond clevage

hDPP III – Leu-enkephalin hDPP III – tynorphin

ES ESP P

2.19 2.21



FUTURE STEPS?
Release of the product? Ligand binding affinities?

Leu-enkephalin - MONO Tynorphin - BI
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 hDPP III - Leu-enkephalin (qmmm)

 hDPP III - Leu-enkephalin (5e3a)

 hDPP III - tynorphin (3t6b)

100 ns explicit water NpT MD simulations 
(AMBER16, ff14sb, hybrid bonded/nonbonded 
zinc parameters)
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