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Exploring Relative Thermodynamic Stabilities of Formic Acid and
Formamide Dimers — Role of Low-Frequency Hydrogen-Bond
Vibrations
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W pracy badano korelacje pomiedzy stabilizacja ;
termodynamiczna dimeréw kwasu mréwkowego o e i 0 L

| formamidu a niskoczesto$Sciowymi drganiami '?'. s Dy ) O
oscylacyjnymi wigzan wodorowych. Wykonano I 5

zaawansowane (z uwzglednieniem anharmonicznos$ci) 134 kel ol ‘: .
obliczenia kwantowo-chemiczne osiagajgc dobra - 1 : 1 .
zgodnosé z dostepnymi wynikami eksperymentalnymi. ‘ { & ---8x
Znaleziono korelacje pomiedzy energiami wigzan 5—.‘;{:)-; 9 f - :; e
a wysoko i niskoczestosciowymi modami drgan i Gy ;' . .
oscylacyjnych 5




THE JOUENAL OQF

PHYSICAL CHEMISTRY

be.acs.org/IPCA

dedoiom 0108 pd04i45g | L Bhys Cham, A 5013, 117, 7489 8000

Role of the Multipolar Electrostatic Interaction Energy Components
in Strong and Weak Cation—n Interactiuns

Pawel Kadlubanski," Katherine Calderdn- T"n'IL'?ILil ~ Weyshla A. Rodri |gu|::-' + D. Majumdar,*/

Szczepan Roszak,*" and Jerzy Leszczynski®!

'Institute of Physical and Theoretical Chemistry, Wroclaw University of Technology, Wybrzeze Wyspianskiego 27, 50-370 Wrodaw,

Poland

YWniversidad de Puerto Rico en Humacao, Estacidn Postal CUH 100 Carr.908, Humacao PRODTI1-4300, Puerto Rico
U niversidad Metropolitans, P.O. Box 21150, San Juan 00928-21150, Puerto Rico
"DI:'[JHIL[III:[]I‘. of Chemistry and Biochemistry, Jackson State University, Jackson, Mississippi 39217, United States

(Bp/aQ) o T Ay —

W pracy zaprezentowano rezultaty Charge Flux

mochnych i stabych komplekséw l

charakteryzowanych jako oddziatywania op.r order

kation-1t. Wykonano dekompozycje energii Moments
oddziatywan ze szczegélnym

uwzglednieniem multipolowych oddziatywan
elektrostatycznych. Dodatkowo wykonano

analize modoéw drgan elektrostatycznych

odpowiedzialnych za formowanie sie kompleksow.
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Theoretical studies of structure, energetics and properties
of Ca*" complexes with alizarin glucoside

Dariusz Toczek « Karolina Kubas - Michal Turek -
Szczepan Roszak - Roman Gancarz

Fig. 2 The structure of the

Badania teoretyczne kompleksow most stable a glucose-Ca*™ b

- - - - i P i - ¥

jonow metali z cukrami zostaty lucoside of alizarin-Ca~ 9
wykonane jako uzupetnienie complexes F‘*\

eksperymentalnych badan nad
kamienica nerkowa. WtasciwosSci
utworzonych komplekséw
(struktura, energia oddziatywan) sa
cenna wskazowka dla poszukiwania
procedur kontrolowania poziomu
jomow metali w organizmie.
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Oscillatory polarons generation by near IR and spin induced chirality studies
in optically nonlinear 1,3-dinitrobenzene crystal
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Fig. 1. Projection along the crystallographic ¢ axis of the mDNE molecules forming

: ¥ ; Fig. 9. Theoretical band structure calculated for whole unit cell of mDMNE. The lines
hypothetical helix. Structural data was taken from Ref. [11].
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Molecular motions contributions to optical nonlinearity
of N-benzyl-2-methyl-4-nitroaniline studied by temperature-dependent
FT-IR, '"H NMR spectroscopy and DFT calculations

Katarzyna Piela? Krystyna Holderna-Natkaniec, Mikolaj Baranowski®, Tomasz Misiaszek?, Jan Baran®,
M. Magdalena Szostak **
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Fig. 1. The BNA L-shaped molecule geometry taken from crystallographic data [17]
used in DFT calculations and benzene rings numbering. The angle between tri-(1)

Table 1
Activation energy, Fa (kj/mol) and correlation time, 7. (s) values of chosen groups rotations in BNA orthorhombic crystal estimated from FT-IR, 'H NMR measurements and DFT
calculations.

viem™) E, (kj{mal ) T (s)
FT-IR TH NMR DFT FT-IR TH NMR
CHa 127206 1075 2,08 « 107"
CHy Vae{CHy ) (2909 cn ™) 11.09+0.12 892« 107"
N5 Ve NO2) (1535 cm ) 01018 2807 490 = 107"
YANOL(1320cm™Y) 907 +0.24 394« 107"

NH VIMH) (3395 cm 1) 1068 £ 008 7.56 = 10-12
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Low-Cost Prediction of Relative Stabilities of Hydrogen-
Bonded Complexes from Atomic Multipole Moments for
Overly Short Intermolecular Distances

Wiktor Eeker,r'ﬂ Karol M. Langner,rb] Edyta Dyguda-Kazimierowicz,

Mikotaj Feliks,' and W. Andrzej Sokalski®”

The relative stability of biologically relevant, hydrogen
bonded complexes with shortened distances can be assessed
at low cost by the electrostatic multipole term alone
more successfully than by ab initio methods. These results
imply that atomic multipole moments may help improve

[a]

ligand-receptor ranking predictions, particularly in cases
where accurate structural data are not available. © 2013
Wiley Periodicals, Inc.

DOl 10,1002 jcc. 23326

Wykazano, ze czion elektrostatycznych oddziatywan multipolowych
pozwala na przewidywanie wzglednych stabilnosci kompleksow z
wigzaniem wodorowym w sytuacjach gdy nieznana jest doktadna

struktura badanych uktadow.



Binding energy terms for the Cbz-SArgP(OPh)2 inhibitor and
Ser190 interaction. (r. Grzywa et al., .Mol.Mod., 13, 677 (2007)
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Inaccurate enzyme-ligand contacts
(in Angstroms) predicted by force
field calculations
(short contacts In red)

SEER 190 LY 219
INHIBITOE.| Force Force

# field AP field ALP2
1 2.88 108 1.56 2.06

2 3.11 2.70 208 1.98

3 1.54 2.40 1.62 2.02
4 2.53 3.00 1.62 2.02
5 3.19 2.50 202 232




Which term calculated at shortened
Intermolecular distances can be best
predictor of relative stabllity at equilibrium

c geometry ?




CORRECT PREDICIONS OF RELATIVE STABILITIES
BY ELECTROSTATIC MULTIPOLE TERM FOR
TRAINING SET OF 23 HB COMPLEXES (Hobza et al.,

JCTC,7,2427(2011)
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Figure 21 Success rate N4 of predicting the relative stability of dimer
pairs at equilibrium geometry for the subsset of 23 hydrogen bonded com-
plexes, using several approximate methods and as a function of the factor
R/R 4 scaling the shortest intermolecular contact.
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Nonempirical Energetic Analysis of Reactivity and Covalent
Inhibition of Fatty Acid Amide Hydrolase
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Figure 1. Proposed mechanism of EAAH aqr]aﬁanl“:"m proceeds from the Michaelis complex (1) through the transiton state (1) up to the
tetrahedral intermediate (II1). In the reactant state, both catalytic serines {Ser217 and 241) are protonated while Lys142 is neutral. A second proton
transfer involving H* accompanies the first, Ser2 17-assisted one. The highest enewgy configuration is attained in QM/MM aledlations’” when H is
almost equidistant between Ser241 and Ser2l7 and the oleamide is halfway to Ser241. The tetrahedml intermediate is formed subsequently.



* Przeanalizowano fizyczna nature
oddziatywan w centrum aktywnym
hydrolazy amidow kwasow
ttuszczowych. Wyniki wskazuja na
szczegOlna role treoniny 236, seryny
218 oraz jednej z czasteczek wody | sa
zgodne z przeprowadzona analiza
sekwencji 42 pokrewnych enzymow .
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Figure 4. Stmucture of the FAAH active site at the transiion state for the reactive conformation [ of oleamide acylation. The coloring sdhemi
applied to active site components reflects their contribution to differential transifion-state stabilization (blue colors represent stabilizing and yellow tc
red represent destabilizing effects). The reaction center subsystem, including the Lys142-Se1217-5er241 triad, is shown as a dark-blue thick stick
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Table 2. Interaction Energies between the FAAH-Oleamide Reaction Model and Its Enzymatic Environment at Various Levels
of Theory, As Defined by Equation 2

sum of pairwise interction supermolecule enviromment
Ay, LY Agrp Agps Ay, L Agep Ay
substmte s Xi 186 —32 —254 —af 4 114 — 12 -0
tramsition state —BR0 93 —142 —465 —42.1 14 e k. —58.4
DTSS —-133 -3 =110 =11.1 —147 -1 —114 =135

“Polarization effects among residues are largely responsible for the differences between the left (pair-wise interactions between single residues) and
the right (interactions for the entire active site model) sides of the Table. All values are in kilocalories per mole. The counterpoise correction was
applied throughout, although basis set extension effects due to different basis set sizes of the pair-wise and supermolecule models were not
considered. This may be responsible for minor DTSS differences observed between the two models.

G661 om0 Spa01834w | Bhys Chem 8 3013, 117, S i

Figure 8. Catalytic field { differential electrostatic potential in au) mapped onto the electronic isodensity surface of 0,01 au around the reaction center

of conformation [ (the catalytic triad Lys142- Ser217-5er241 and oleamide up to C4). Selected ctalytic residues identified by ['TS5 analysis are
also shown for context.



Differential transition state stabilisation
energies (In [kcal/mole] for FAAH active site
residues at different theory levels

Residue |AEL.M1 |AEL1 AHL ASCF | AE(MP2)
asp237 4,102 4,135 4,306 3,342 3,599
gly216 3.84 4,321 3,589 3,746 2952
met191 2.091 262 0,021 1.465 1,024 o A A A A
ser218 0,82 1,068 0,375| -0,028| -0,126 e B C2ES
pro188 0,082 0446 -0259| -0224| -0276
tip355 0,306 -0,305| -0,305] -0.307| -0.295 —_—
thr494 0355 -0353| -0353] -0376] -0.365 "
asn498 0387 -0387| -0387| -0421| -0.398
ile491 0,053 0314 -0,728| -0647| -0,456
phe194 0417 -0032] -1,918 18] -0,947
ser193 1571  -1.216] -2219| -2126] -1.451
gly240 2078 -2.408| -1507| -2.022| -1.771
leu192 1264 -1,076 143]  -1.992]  2.046] \1p2 results correlate very
arg243 4316] 4,316  4,316] 4402  -4,194]| el with SCE. HL. El and
thr236 379] 3916] 1661 4073 -4.464] multipolar electrostatic
tip623 -4346| 6,566| -3,315| -4.475| -4.486| theory levels
ile238 5952 -10,197 0625| -4,833 473
gly239 5604 -5284 251 -5183| -5348
SUM 19,398 -23152| -11,992| -24.356| -23,778
0,932 0,787 0,990 1,000

CC / 0,987



SIMULATION SEQUENCE 35 110 POGESGGEG 130
FARH Heosartorya fimcheri l580 3756 GGEGESSGGEGAL 1776
FAARH Ajellomyces capsulatus 1286 403 BOGESCOEGAL 2232
A_hjellomyces dermatitidis T16 791 PGEETGGEGAL g1z
A _Cryptococcus_necformans 2527 2601 POGEECOEGAT 2623
AC Coccidisides immitis 165 441 PGESS !'H FAL 261
rm_ljlllnnfuil_d.mtitidi- 131 207 PGEG SGOE SAL 227
QERNA Paracoccidioides brasiliensia 131 407 BGESSGGESAL 227
FAARH Microsporum canis 141 417 SOGESGUESAL 237
AC Talaromyces stipitatus 1328 1415 SGGEESGGESAL 1435
Pm_llp-lrgil lul_cl avatum 140 21& 2836 SGOE AL 23e
AC Emericella unguis 123 195 COGESGGEGAM 219
ACB Agpergillus ustus 125 18% JEESCOEGAL 315
AC_MOnaBCus_purpureus 125 201 GEESGGEGARM 221
AC Pichia mtipitis 132 410  EGGEESCOER 2368
AC Paracoccidicides brasiliensis 128 204 PGGESGGESAL 234
AFP Tetrahymena thermophila 772 #48 POGESGUESAL BEB
AC_Ajellomyces_capsulatus 12A 404 EGGETGGER 224
AFP Coccidicides posadasii 154 230 PaEG [GGE a5g
AC_mepergillus flavus 695 771 PGGSTGGEGAL 791
AC Hecsartorya fischeri 129 405 POGETGOEGAL 2258
FAARH Tatrahymena thermophila Ta2 458  PGGETGGEGAL BEE
AC hepergillus elavaktus 128 204 POGETOCE 234
AC Panicillius marnaffel 129 405 SGEETGGER 235
AP Uetilagincidea virens L08R lad4 POGETGUEGAL 203
AC verticillium albo-atrum 108 184 PGEETGGESAL 03
AC Pyrencphora tritiei-repentis 108 184 POGETGGESAL 204
vit D3 _Paracoccidicides brasiliesnsis 102 178 PGGEETGGER 187
AP Paracoccidicides brasiliensis 113 185 POGETGGE 208
a_Ajellomyces capsulatus Til 807 POGETOGE 836
AC Ajellemyees dermacitidis 728 804 POGESGOEGAL 823
AC Microsporum canis 108 185 PGEESGGEASL 204
AC mepergillus fumigatus 109 185 POGETOOEGAL 204
!‘LI.H Rattus nn'r\rlgi cums 138 214 PZEESCGGEGAL 234
FAAH Mus musculua 138 214 pOGSSGOEGAL 234
FAAH Bos taurus 1318 414 PGGESGGEGAL 134
FAAH Homo saplens 138 114 POGESCGRGAL e
FAAH Sus scrafa 138 214 POGESGGEGAL 234
FAAH Masccricetus auratus 33 1l0% PGGESGGEGAL 2%
vit D3 Gallus gallus 148 221 POGESCGOEGAL 241
A Bchistoscma mansoni 162 138 POGEESCEAVL 258
A Brugia malayi 651 737 POGESSUEAVL 757
FAAH Bchistosoma mansoni 171 147 TOGESSGESIVL 267

Figure 9. Multiple sequence alignment in the proximity of the atalytic triad (Lys142-Ser217-Ser241 residues shown in green) from the amidase
signature family. Some of the most important residues that stabilize (Ser218, Thr236, le238, Gly239, Gly240, Arg243) or destahilize (Gly215,
Asp237) the transition state are shown in blue and yellow, respectively. Abbreviations: vit_D3 — vitamin D3 hydroxylase-associated protein; QtENA,
ghitamyl-tRNA(gln) amidotransferase; FAAH, fatty acid amide hydrolase; AC, acetamidase; AP, amidase protein; A, amidase; AFP, amidase family
protein; and ACH, acetamidase-B. Residues in all sequences are numbered according to the first deposited FAAH amino add sequence of Rattus
noregics (the common rat).
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Theoretical Study on Physicochemical Aspects of a Single Molecular
Junction: Application to the Bases of ssDNA

Pawel Szarek, Sawanya Suwannawong, Kentaro Doi, and Satoyuki Kawano®

Department of Mechanical Science and Bioengineering, Graduate School of Engineering Science, Osaka University, 1-3
Machikaneyama, Toyonaka, Osaka 560-8531, Japan

P: Phosphate group
. Sugar

Opracowano nieempiryczny model przewodnictwa w nanodetektorze
mogacym stuzy¢ do odczytywania sekwencji kwasu nukleinowego
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Figure X. Potential drop on atoms across the BPY molecule in order
with respect to the uniform electric field direcion. The color gradient
corresponds to the electric field strength. The linear regression (V7 =
1.19x) of the potential drop for the largest field is shown with a broken
line.
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Geometries and Vertical excitauon energies in Ketinal Analogues
Resolved at the CASPT2 Level of Theory: Critical Assessment of the
Performance of CASSCF, CC2, and DFT Methods

Elzbieta Walczak,' Borys 51::5:2}-‘!:11 and Tadeusz Andruniow®

Wroclaw University ut-'l'l:l_'}umlnk;}', Institute of Physical & Theoretical Chemistry, Wyb. 'i.-‘l.":r'.l.'pi,a.[:u.lilr_il:gu 27, 50-370 Wroclaw, Poland

Stosujac metody CASPT2, MP2, DFT, LCC2, CC2
oraz CASSCF systematycznie zbadano struktury
oraz wertykalne energie wzbudzen 11-cis-retinalu.
W metodzie CASSCF znacznie przesadzone sg
zmiany dtugosci wigzan, zas metoda LCC2
zawodzi pr yxopisie przejsS¢ typu CT.

MP2




Spectral properties of retinal analogues resolved at
CASPT2 level of theory

N N NH locked-11.8
16 NH, NH, ®
® @
9,13-dimethyl 9-methyl 13-methyl
A SN
X X
S S
NH NH,
® ®
9,10-dimethyl 9,10,13-trimethyl locked-11.5 locked-11.8-b1

locked-11.7 locked-11.8 11-cis-retinal

locked-11.8-b2

Energy [eV]

Figure 3. Superposition of locked-11.8 conformer structures obtained
at the CASPT2/ANO-L-VDZP (in blue), CASSCF/ANO-L-VDZP
(in green), and MP2/cc-pVTZ (in red) levels of theory.
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Research paper

Toward very potent, non-covalent organophosphonate inhibitors G)cmssmm
of cathepsin C and related enzymes by 2-amino-1-hydroxy-
alkanephosphonates dipeptides

Marcin Drag **, Ewa Wieczerzak ®, Matgorzata Pawelczak ¢, Eukasz Berlicki?,
Zbigniew Grzonka b pawet Kafarski?

* Department of Bioorganic Chemistry, Faculty of Chemistry, Wroclow University of Technology, Wybrzeze Wyspianskiego 27, 50-370 Wrodaw, Poland
Y Department of Chemistry, Gdansk University, ul. Sobieskiego 18, 80-952 Gdansk, Poland
* Faculty of Chemistry, University of Opole, ul. Oleska 48, 45-052 Opole, Poland

Zsyntezowano i zbadano dos$wiadczalnie aktywnos¢ 17
inhibitoréw katepsyny. Stosujgc pakiet oprogramowania
Accelrys ustalono, ze istothym elementem wiazacym sie w
centrum aktywnym jako analog stanu przejSciowego jest
grupa hydroksymetylowa a nie fosfonowa.



Inhibitory katepsyny C

Tyr64

Thr379 p Trp405
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Drag, M.; Wieczerzak, E.; Pawetczak, M.; Berlicki, t.; Grzonka, Z.; Kafarski, P. Toward very potent, non-covalent organophosphonate inhibitors
of cathepsin C and related enzymes by 2-amino-1-hydroxy-alkanephosphonates dipeptides. Biochemie 2013, 95, 1640 - 1649.
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The crystal structure of Sporosarcina pasteurii urease 1in a complex
with citrate provides new hints for inhibitor design

Stefano Beninm + Paulina Kosikowska +
Michele Cianci « Luca Mazeel - Antonio Gonzalez Vara -
Fukasz Berlicki « Stefano Ciarli

Stosujac metode dyfrakcji rentgenowskiej wyznaczono
strukture kompleksu ureazy z cytrynianem. Stosujac
oprogramowanie Discovery Studio opracowano szczegotowy
model wigzania liganda w centrum aktywnym.



Analiza sposobu wigzania cytrynianu
do bakteryjnej ureazy

Benini, S.; Kosikowska, P.; Cianci, M.; Mazzei, L.; Vara, A. G.; Berlicki, t.; Ciurli, S. The crystal structure of Sporosarcina pasteurii urease in a
complex with citrate provides new hints for inhibitor design. J. Biol. Inorg. Chem. 2013, 18, 391 - 399.
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Research paper

An integrated approach to the ligand binding specificity of Neisseria meningitidis
M1 alanine aminopeptidase by fluorogenic substrate profiling, inhibitory studies
and molecular modeling™

Ewelina Weglarz-Tomczak ?, Marcin Poreba? Anna Byzia?, Lukasz Berlicki ?, Bogustaw Nocek ,
Rory Mulligan b, Andrzej Joachimiak b Marcin Drag®, Artur Mucha®"

A Department of Bioorganic Chemistry, Faculty of Chemistry, Wroclaw University of Technology, Wbrzeze Wyspianskiego 27, 50-370 Wroclaw, Poland
Y The Midwest Center for Structural Genomics, Argonne National Loboratory, 9700 South Cass Avenue, Argonne, 1L 60439, USA

Stosujac oprogramowanie Discovery Studio przeanalizowano
mozliwosci wigzania organofosforowych inhibitorow przez
aminopeptydaze alaninowa.



Inhibitory APN

Weglarz-Tomczak, E.; Poreba, M.; Byzia, A.; Berlicki, £.; Nocek, B.; Mulligan, R.; Joachimiak, A.; Drag, M.; Mucha, A. An integrated approach
to the ligand binding specificity of Neisseria meningitidis M1 alanine aminopeptidase by fluorogenic substrate profiling, inhibitory studies and
molecular modeling. Biochimie 2013, 95, 419 - 428.
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ig. 7. Theoretical (D spectra of mDNB: (a) for neutral molecule monomer, (b) dimer, (¢) trimer, { d) tetramer, and corresponding UV-Vis spectra(e-h), all along hypothetical
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