
Bacteroidesthetaiotaomicrondipeptidylpeptidase 
III complexes with synthetic substrates

Marko Tomin, Sanja¢ƻƳƛŏ, Igor {ŀōƭƧƛŏ
wǳŚŜǊ.ƻǑƪƻǾƛŏInstitute, Zagreb

The200 ns long MD simulationsof the BacteroidesthetaiotaomicronDPP3 complexeswith syntheticsubstratesRRNAand KANArevealedthe long rangeinterdomainmovementconsistentwith the conformational
changesdeterminedfor its humanortholog. Ff14 force field in conjunctionwith acceleratedMD proved to be a fast and reliabledockingmethod. Experimentallydetermineddifferencesin hydrolysisrate of Arg2-
naphtyl-2-amideandLys-Ala-naphtyl-2-amidecorrelatewith theǎǳōǎǘǊŀǘŜǎΩpotential for hydrogenbond formation. Theimportanceof C450hasbeenexplainedthroughits influenceon the substratepositioning,and
the calculatedcomplexenergiesare in qualitativeagreementwith experimentaldata. Theresiduesfound to stabilizethe substratevia hydrogenbondsin our studyare in agreementwith the suggestedsubsitesfor
BacteroidesthetaiotaomicronDPPIII4.
Obtainedstructureswill serveasa goodstartingpoint for future QMcalculationsaimedat unveilingthe reactionmechanismof the peptidebondcleavage.
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Figure 1. Active site of Bt-DPP3

Methodology
All input geometrieswerebasedon the crystallographicallydeterminedάƻǇŜƴέstructureof CysŸSerBt-DPP3 mutant andthe knownstructureof the humanDPPIII complexwith tynorphin. Priorto MD simulations,
the mutationshavebeenrevertedusingtLeapandall systemshavebeenoptimizedin three cycleswith different constraints. Uponminimization,the structureshavebeengentlyheatedfrom 0 to 300Kduringa 50
ns period usingthe NVTensemble,while the MD simulationswere performed for 200 ns at 300 K and constantpressure(NpTensemble). Thetemperaturewasheld constantusingLangevinthermostat with a
collisionfrequencyof 1 ps-1. All calculationswere performedwith AMBERprogrampackageusingperiodic boundaryconditions,while the electrostaticinteractionswere calculatedusingthe particle-meshEwald
method. Bondsinvolvinghydrogenatomswereconstrainedusingthe SHAKEalgorithm. Ff12SBforcefield wasusedfor classicalMD,whereasthe ff14SBforcefield wasusedin conjunctionwith acceleratedMD2.

Introduction
DipeptidylpeptidaseIII isolatedfrom Bacteroidesthetaiotaomicron(Bt-DPP3) is a two-domainzincexopeptidasefrom M49 family. Membersof this proteasefamily,
characterizedby their HEXXGHand EEXR(K)AE(D)motifs, cleavedipeptidyl residuesfrom the N-terminusof the substrate. Theyhavebeensuggestedto participatein
pain modulation,defenseagainstoxidativestressand intracellularprotein catabolism. Thecrystallographicstructure of Bt-DPP3 revealstwo domainsseparatedby a
widecleft, stronglyresemblingthe 3Dstructureof its humanorthologdespitethe fairly low sequenceidentity (~23%).

Theactivesite is composedfrom the Zn2+ ion coordinatedby two Hisanda Gluresidueof the HEXXGHmotive (His448, His453andGlu449, respectively),aswell asby
the Glu476 of the EEXRADmotive (Fig. 1). Computationalstudiesperformedon the humanDPP3 showthat the coordinationnumberof Zn2+ variesgreatlyover the
courseof 100 ns, and could be vital to understandingthe reactionmechanism1. In this work the syntheticsubstratesArg-Arg-2-naphtylamide(RRNA)and Lys-Ala-2-
naphtylamide(KANA)weredockedinto the wild-type enzymeandthe C450Smutant usingthe ff12SBandff14SBforcefield.

Results

Both RRNAand KANAwere successfullydockedinto the activesite of DPPIII. aMDseemsto result in better substrateplacementwith classicalMD providingstructureswith slightlyhigherenergies. Thiscanbe a
resultof the naphthalenecoreenteringdeeperinto the hydrophobicpocket(Figure2.). Calculatedenergiesare in goodagreementwith kineticallydetermineddata3. Thedifferencein calculatedbindingenergiesand
experimentallydeterminedrelativehydrolysisratescanbeexplainedthroughhydrogenbondanalysis.

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

Complex Method ɲ9PB/kcalmol-1 Relative hydrolysis 
rate (%)3

DPPIII - RRNA cMD/ff12SB -49.76

100
DPPIII - RRNA aMD/ff14SB -57.83

DPPIII - RRNA aMD/ff14SB + 
cMD/ff12SB

-67.27

DPPIII - KANA cMD/ff12SB -41.41

10.1
DPPIII - KANA aMD/ff14SB -35.33

DPPIII - KANA aMD/ff14SB + 
cMD/ff12SB

-47.68

Table 1. PB binding energies for DPPIII-RRNA and DPPIII-KANA complexes obtained by MM-PBSA

Acceptor RRNAa RRNAb KANAa KANAb

Glu307 (I) 31.08 43.88 47.48 -

Glu307 (II) - 40.84 - -

Glu320 (I) 70.88 59.44 - -

Glu320 (II) - 32.40 - -

Asp375 - - 38.88 -

Gly383 71.84 - - -

Glu476 (I) 98.72 35.08 66.76 97.56

Glu476 (II) 33.36 34.64 55.84 75.56

Glu476 (III) - 33.24 31.28 -

Glu531 - 62.72 - 54.40

aExtractedfrom a 200ns ff12SB cMDsimulation; bFroma 100ns ff12SB 
simulation after 200ns of ff14SB aMDsimulation

Table 3. Hydrogen bond analysis on lowest-energy 5ns fragments of docking trajectories. Only 
hydrogen bonds occuringin >30% of structures are shown

Figure 4. Overlap of the active sites with RRNA 
substrate in wild-type enzyme and the C450S 
mutant

Figure3. Comparisonof activeregionsof the
wild-type DPP III and the C450S mutant
complexwith RRNA

Complex Method ɲ9PB/kcalmol-1 kcat/s
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wt-DPPIII cMD/ff12SB -49.76
5.0

wt-DPPIII aMD/ff14SB -57.83
C450S DPPIII cMD/ff12SB -44.24

0.6
C450S DPPIII aMD/ff14SB -35.33

Table 2. PB binding energies for wild-type and C450S DPPIII-RRNA complex obtained by MM-PBSA

Acceptor
% of frames 
wt-DPPIII

% of frames  C450S-
DPPIII

Glu476 (I) 98.72 99.00
Gly383 71.84 14.44
Glu320 70.88 -

Glu476 (II) 33.36 21.60
Glu307 31.08 -
Glu449 - 77.84

Conclusion

Table 4. Hydrogen bond analysis on lowest-energy 5ns fragments of RRNA docking trajectories

Hydrogen bond analysis
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