


DPP Il or M49 enzyme family

Zn dependent metalo enzymes of Molecular mass ~6197 (103)kDa

widely spread 5 kingdoms: Eubacteria, Protista, Fungi, Plantae, Animalia

Zincexopeptidasenhydrolyzes dipeptidesfrom the N-terminal of its substrates
peptideswith three AAand more
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Human DPP Il

2008.MyeastDPP II(PBD i®2CSK)
2009.MhumanDPP 1I(PBD iBFVY)

2012.MyE451Amutant of human DPRI with tynorphin (PBD i@T6B)




Conserved motifs:
HEXXG and EEXR(K)AE(D) coordinateZn ion

Alad51

His450

Glu508

Ehperimentsexcesxinc inhibits hDPPIII hydrolytic activity

Zn ion addedasZn(Ac) to the reaction mixture of pH 8.0, inhibited rat
DPP 11l already at®uM level (1G,=1.8uM), while10uM Zn(Ac) completely abolished its activity.



ThermolysinPDB _idLInd (TML)

Excess zinc also inhibits othexo- andendometallopeptidase®@ne examples thermolysin
wherethe inhibitory effect is explained by the binding of a second zinc ion to the catalytice
important H231 within 3.2 A of the zinc bound to natitiermolysin



|dentifikacation of the inhibitory Zn
binding site hDPPIII




hDPRII ¢ TML 3Dstructures- aligment
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hDPRII ¢ TMLhDPRII-sequences aligment
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QMMM calculationgdS1, S2 S3

[ro—

ZNIlcoordination:

E508, H568Y318
E508, H568 E316
E508,E316,

+ 3W

AW >

} 4

S way ) E451
E316 w6



S1/52/ S3initial and QMMM optimized

d/A

| S1 S2 | S3
ZnAZnl 3.45 3.78 4.31 505  4.95
ZnAHA50ne2)| 2.34 2.11 2.14 229  2.19
ZnAH455ne2)|  2.45 2.10 2.21 239 2.16
ZnAB080e2)| 2.18 2.03 2.06 205 2.14
ZntB0800el) | 2.17 2.16 3.98 206  2.09
ZntH568(ne2) | 2.35 2.20 2.18 959  9.57
ZnkY3180oh) | 2.53/4.19  2.22 4.79 9.28  9.98
7ntE316(0e2) | 3.892.75  4.03 2.10 207 211




S1/S2/S3 QMMM

timized

E451




QMMM calculationg CPLX1 / CPLX2)

a = d/A
9 | | CPLX1  CPLX2
ZnAZnl 5.30 4.75 5.54
ZnAHA50(ne2) 2.19 2.11 2.15
ZnAE451(0e2) 2.93/2.19 3.67 2.18
ZnAHA55ne2) 2.29 2.14 2.17
ZnAB5080€e2) 2.17 2.02 2.10
ZntE508(0el) 2.20 2.29 4.26
ZnkH568(ne2) 2.30 2.23 2.19
ZnkY3180oh) 2.60 2.28 2.17




Zn nonbonding parameters models

chargel/e
Model #
Zn E451 i :
\ Tn
centralpoint [ U p o i nt|pointa &t x and W
Total (carry vdw axis of y axises of [
Dumm + Y
atomy parameters) octahedron octahedron ot n_@w
D11 2 -1 0.5 0.5 o 3l
D2 1.325 -0.475 0.1 0.4 -0.65
12 2.0
6-12 2 1.375 -0.75 -
3 ZnA 1.1, Znl 0.9
30 1.0
3r ZnA 0.9, Znl 1.1 (2
k : @
) Z (i _i Z : (6 - t90)7
veze Keurovi 2
+ Z (1 +cos(nw — v’)) LorentzBerthelot rules
rorzije
12 § f Oaa | Ops E{;f = v/ €aapp -
N N .. a.. q.q - 4 2 ’
+> > | 4s vl -2 |+
TS Ty 7 dra,




Dummyatom Znparametermodels

MMGBSA(kcal/mol)
Model # SYST!EM ti/'ttma,v ' <ZnAZnl> ZnAligands Znlligands Receptor: DPP Ili| Receptor: DPP Il Rec: DPP llI+
Force field 0>4a0 A . ) . : ZnA
Ligand: ZnA + Znl Ligand: ZnA . )
Ligand: Znl
H450, H455 H568 E316
. A <ZngZn> ‘ ’ ’
fflS41$B %(())295//% fzm n\g i E508', E45¥M E508, Y315 -2924¢11 -164+6 -108t7
D1 ' ) (A) 2W 2W
H450, H455 E316!, E508/
0 : ; ; ;
S1 0.1/0.1 S.4£0.1 51% E508', E45¥ H568 -320+8 -187+6 -121+6
ff03 5.140.1 49%
2W 3wW
E508', H450
S1 0.085/0.% 3.5¢0.2 ' ’ E316', E508
03 10.1/0.12" H4553\;Vnost|y mostly 3W -144+6 -80+5 477
S1 0.066/0.%™ E508", H450, E316, E508",
03 0.056/0.121 4.940.5 H455 3W H5683W -166:8 815 -50£10
S1 0.58/17nA 5.4+0.3 H450, H455, E316', E508!
ff14SB 0.88/12" E508! 3-4W mostly 4 W 12248 675 A
S2 0.5/17"A H450, H455, E31¢/, E508'
ff14SB 0.99/22n G E508' 3-4W 4-5W 1167 685 4355
S1 0.062/0.%™ H450, H455 E508
D2 . ' - - -
ff14SB 0.1/0.12" 4.1+0.3 E508' 3W 4-5W 1029 69+4 2346
H450, H455 H568, E508
nA il 1 ’ L
f‘fls4158 %583//(())22??”' 4,710.1 E508', E45¥ V730 -160+7 -96+5 -5745
' ) 1w 2-3W
H450, H455
CPLX1 0.5/0.57m P E508/
f14SB 0.5/0.52" 5.2+0.3 E508"8 E451 mostly 4 W -114+7 -93t5 -18+4
mostly 1 W
H450, H455 H568 E508'B
nA ) 1
f(f:lF;LSX; 8 24/1(/)05;@! 5.4+40.3 E508'8 CHM-O2nd -150+8 -85+5 -394
' ) 1w mostly 2 W
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D2 model, structuresof S2and CPLX®btainedafter
1>sand500ns, respectivelyof MD simulations




12-6 ZNparametersmodels

SIMULATE MMGBSA(kcamol)®
tilt o <ZnAc¢Znb Znlligands .
M‘fe' SYSTEM (' el A ZnAligands (coordinated with) Re: DPP Il Dsﬁcﬁﬁorin Rec:DPP Il
>akK=>@auv coordinated wit ; . : .
Force field LigandZn,+Zn Ligand: Zp Ligand:ZnA
S2 H450, H455, E508 | E508, E316
- -+, D+ _ +
o 0.85/1 4.040.4 e v W is 3134 242 2743
S1 0.99/12°A H450, H455, E508 | E508', E316
2 03 o8z | 802 | Eis v mosty2 w mostly 3 W 3244 1£3 2613
SIOH |0.25/0.3%A H450, H455E508", | E316 E508, OH
03 |o21/03z0| 03 E451  OH mostly 3 W 2416 1345 2114
SIOH | 0.40/0.4%% H45Q H455 E508™, E316M
03 | 0.17/0.44m| 032 OH 0-1W 23W 525 413 433
SIOH | 0.69/0.7" | 3.510.2 (last| H45Q H455 E508", E45178
f14SB | 0.55/0.7" | 590 ns) OH 1-2W OH 2-3W 494 114 3543
3
SLOH®c | 0.5/1.05" |10.000.7 (last|  N294, E318 HA450, H455E508
f14SB | 0.87/L.07" | 740 ns) mostly 23 W mostly 12 W 214 “Laxd 1222
H45Q E45ME H455 | H568 E508'8 CHM-
ZnA
fcf:;LSXBl 11'11//11'11an 4.0+0.2 E508, o2 3444 143 2343
o 1w mostly 1 W
H45Q H455 H568 E508'8 cHM-
nA
30 f(]f;"sxé 01'9:/ 11'(?;' 3.840.2 E5088 02 11+4 443 843
R mostly 1 W mostly 2 W
n
o | cpLxge | 04410.98 H45Q H455 HA450, H455,
it A 4.5+0.4 E451.8 E508"8 HM-02 2342 241 2142
0.41/0.98™ mostly 1W mostly 1 W




LJnonbondingmodel3
SI:OH
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|zmjenaZNii ZNltijekom MD




vaaa [t ]

hDPRII¢ IVYPW

ZNAcoordination:

E508,H450, H455
E508 H450,H455, E451



MD- cplx

MMGBSA (kcal/mol)
Model # SYSTEM ti/Ftota,v , <ZnAZnl> ZnAligands Znlligands Receptor: DPP lli| Receptor: DPP il Rec: DPP llI+
Force field 0>4a0 A ) ) . : ZnA
Ligand: ZnA + Znl Ligand: ZnA Ligand: Znl
H450, H455
CPLX1 0.5/0.5"A B E508
14SB 0.5/0.5" 5.240.3 E508" mostly 4 W -114+7 -93+5 -18+4
D2 mostly 1 W
H450, H455, H568 E508"8
A
Py S 5.4:0.3 E508'8 SHM-0 2 150:8 8545 30+4
' ) 1w mostly 2 W
H45Q H455
CPLX1 0.24/0.25"A H565 E508"
2 ff03 0.24/0.23" 52103 ESOf_A N '\5/\‘/‘514 mostly 2 W 2682 0:1 2282
H45Q E45M H568 E508"B
ZnA
g&LSXBl 11 11//11 1122. 4.040.2 H455 E508!, CHM-O 2 -34+4 -143 -23+3
T 1w mostly 1 W
H45Q E45M H568 E508
nA
fo:]ZLSXE::L ]6 ]é//:;'- 22;' 4.0400.2 H455 E508, CHM-O2d -31+3 -242 -2243
T 1w 1w
3 H45Q H455 D396"B
nA !
g;léxlj %?322//%:;;1;“' 11.610.9 E508", D496".B -25+3 -12+42 -1243
' ' mostly 2 W 1-2W
H45Q H455 E508
nA
g;"sxé %2088/%53 18.6+12.7 E508, CHM-O2nd -2145 -4+3 -1743
' 1w 1w
H45Q H455 H568 E508'B
nA
0Q f(f:jl_DA,LSXBZ Oigg/llgm 3.8H0.2 E508'B CHM-O2d -11+4 443 -8+3
T mostly 1 W mostly 2 W
P H45Q H455 H568 E508'B
ZnA
3r f(f:;'éxé %“;//%77‘,“ 4.5+0.4 E45MB CHM-O2d 2143 242 -1445
e e mostly 1W | mostly 1 W
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