Introduction

Dipeptidylpeptidaselll isolatedfrom Bacteroideghetaiotaomicron(Bt-DPRB) is a two-domain zinc exopeptidaserom M49 family. Membersof this proteasefamily,
characterizedoy their HEXXGldnd EEXR(K)AE(Diptifs, cleavedipeptidyl residuesfrom the N-terminus of the substrate Theyhavebeensuggestedo participatein
pain modulation, defenseagainstoxidative stressand intracellularprotein catabolism The crystallographicstructure of B-DPB revealstwo domainsseparatedby a
wide cleft, stronglyresemblinghe 3D structure of its humanorthologdespitethe fairly low sequencadentity (~23%.

Theactivesite iscomposedrom the Zr¢* ion coordinatedby two Hisand a Gluresidueof the HEXXGlrhotive (Hist48, His453 and Glu449, respectively) aswell asby
the GlWA76 of the EEXRAIotive (Fig 1). Computationalstudiesperformed on the human DPB showthat the coordinationnumber of Zr¢* variesgreatly over the
courseof 100 ns, and could be vital to understandingthe reaction mechanism. In this work the syntheticsubstratesArgArg2-naphtylamide(RRNAaNnd LysAla-2-
naphtylamide(KANAWwere dockedinto the wild-type enzymeandthe C450Smutant usingthe ff12SBand ff 14SBforce field.

Methodology
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Figure 1. Active site of BIPP3

All input geometrieswere basedon the crystallographicallgeterminedda 2 LJStgtctureof Cyy SerBt-DPR mutant andthe known structure of the humanDPPIII complexwith tynorphin. Priorto MD simulations,
the mutationshavebeenrevertedusingtLeapand all systemshavebeenoptimizedin three cycleswith different constraints Uponminimization,the structureshavebeengentlyheatedfrom 0 to 300 Kduringa 50
ns period usingthe NVTensemble,while the MD simulationswere performed for 200 ns at 300 K and constantpressure(NpT ensemble) Thetemperature was held constantusing Langevinthermostat with a
collisionfrequencyof 1 ps?. All calculationswere performedwith AMBERprogrampackageusingperiodic boundaryconditions,while the electrostaticinteractionswere calculatedusingthe particlemeshEwald
method. Bondsinvolvinghydrogenatomswere constrainedusingthe SHAKRIgorithm Ff12SBforce field wasusedfor classicaMD, whereasthe ff14SBforce field wasusedin conjunctionwith acceleratedMD?.

Results

Both RRNAand KANAwere successfullglockedinto the active site of DPPIIl. aMD seemsto result in better substrateplacementwith classicaMD providingstructureswith slightly higherenergies Thiscanbe a
resultof the naphthalenecore enteringdeeperinto the hydrophobicpocket(Figure2.). Calculatecenergiesare in goodagreementwith kineticallydetermineddata®. Thedifferencein calculatedbindingenergiesand
experimentallydeterminedrelative hydrolysigatescanbe explainedthroughhydrogenbond analysis

Figure2. Comparisorof activeregionsof the
wild-type DPPIII complexeswith RRNAand
KANA

Figure3. Comparisorof activeregionsof the
wild-type DPP Il and the CG450S mutant
complexwith RRNA

Table 3. Hydrogebond analysis on lowesinergy 5ns fragments of docking trajectories. Only
hydrogen bond®ccuringin >30% of structures are shown

Hydrogen bond analysis

Figure 4. Overlap of the active sites with RRNA
substrate in wildtype enzyme and the C450S

mutant

Table 1PB binding energies for DPFRRNA and DPPKANA complexes obtained MM-PBSA

Relative hydrolysis

Complex Method N gdkcalmot te (%3
Fate (“o

DPPIIF RRNA cMD/ff12SB -49.76
DPPII} RRNA aMD/ff14SB -57.83 100
DPPIIFRRNA | aMDIff14SB+ 67.27

cMD/ff12SB
DPPIIF KANA cMD/f12SB -41.41
DPPII} KANA aMD/ff14SB -35.33 10.1
DPPIIFKANA | aMDff14SB+ -47.68

cMD/ff12SB

Table 2. PBinding energies for wildype and C450S DPHRRNA complex obtained by MRBSA

Complex Method n 94kcalmott K..f/S713

wt-DPPIII cMD/ff12SB -49.76 50

wt-DPPIII aMD/ff14SB -57.83 '
C450S DPPIII cMD/ff12SB -44.24 06
C450S DPPIII aMD/ff14SB -35.33 '

Conclusion

Acceptor RRNA RRNA KANA KANA
Glu307 (1) 31.08 43.83 47.48 -
Glu307 (Il - 40.84 _ _
Glu320 (1) 70.88 59.44 - -
Glu320 (Il - 32.40 - -
Asp375 - - 38.88 -
Gly383 71.84 - ; -
Glu4d76 () 08.72 35.08 66.76 97.56
Glu4a76 (1) 33.36 34.64 55.84 75.56
Glu4d76 (lll) - 33.24 31.28 -
Glu531 ] 62.72 _ 54.40

aExtractedfrom a 200ns ff12SBMVIDsimulation:?Froma 100ns ff12SB
simulation after 200nef ff14SBaMD simulation

Table 4. Hydrogebond analysis on lowesinergy 5ns fragmentsf RRNAlockingtrajectories

% of frames

% of frames C450S

Acceptor wt-DPPIII DPPIII

Glu476 (1) 98.72 99.00
Gly383 71.84 14.44
Glu320 70.88 i

Glu476 (I1) 33.36 21.60
Glu307 31.08 i
Glud49 i 77.84

The 200 nslong MD simulationsof the BacteroideghetaiotaomicronDPR complexeswith syntheticsubstratesRRNAand KANArevealedthe long rangeinterdomain movementconsistentwith the conformational
changesdeterminedfor its human ortholog. Ff14 force field in conjunctionwith acceleratedVID provedto be a fast and reliable dockingmethod. Experimentallydetermineddifferencesin hydrolysisrate of Arg,-
naphtyl2-amideand LysAla-naphtyl2-amidecorrelatewith the & dzo a ( pédeniisbfér Bydrogenbond formation. Theimportanceof C450 hasbeenexplainedthroughits influenceon the substratepositioning,and
the calculatedcomplexenergiesare in qualitative agreementwith experimentaldata. Theresiduesfound to stabilizethe substratevia hydrogenbondsin our study are in agreementwith the suggestedsubsitesfor

BacteroideghetaiotaomicronDPHI .

Obtainedstructureswill serveasa goodstartingpoint for future QM calculationsaimedat unveilingthe reactionmechanisnof the peptidebond cleavage
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