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ABSTRACT

Our Research Group has developed a sensor to detect the gene wrecking and carcinogenic mycotoxin molecu
films to measure these analytes. During the investi gations thiolated modified macrocycle molecules (main ly cyclodextrins) were applied to functionalize the gold surfaces. We
found, that the gold nanoparticle based (functionali zed with thiolated f-cyclodextrin, BCD) sensors, binds irreversible the Aflatoxin B1 (AfB1) and reversible the Aflatoxin B2
(AfB2) molecules. It was an interesting result and | investigated these complexes with the PM7, PM6-DH  +, PM6-DH2 semiempirical guantum chemistry methods w  ith the
COSMO solvation model, implemented in MOPAC2012 soft ware [1]. | found that the calculated standard heat of formation of the 2 : 2 AfB1 : BCD complex is sl  ightly more
negative (~20 kJ/mol), compared to the correspondin g AfB2 : BCD complex.

les. Hence we applied functionalized gold nanoparti  cles and thin

Our Research Group prepared albumin/polyelectrolyte core-shell nanoparticles for controlled drug releas e. During the development phase we measured the alb  umin/drug
molecule adsorption isotherms to optimize the drug release. My former supervisor, Tamas Kortvelyesi had an idea, to dock a ligand to a receptor consecutivel y and use this
method to calculate adsorption isotherms. Now | rea lized this project, and docked the ligands sequentia lly to the human serum albumin (HSA) and bovine ser  um albumin
(BSA) molecules. | optimized the receptor structure with the Gromacs software, and used the AutoDock VIN A docking algorithm [2]. To calculate the isotherms | used the

rmation). In the future | want to deal with Monte C
late adsorption isotherms.

stepwise adsorption model (like stepwise complex fo arlo algorithm based softwares (MMC; Mihaly Mezei, MC  CCS Towhee;

Marcus G. Martin, BIGMAC; Prof. Berend Smit) to calcu
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The [(Aflatoxin)[BCD(SH) ,]] complex

A. Majzik et al. found from QCM and SPR adsorption measurements, that the gold nanoparticles modified, with thiolated -

The [(Aflatoxin) ,[BCD(SH),]] complex

=t d _ _ _ _ _ ! &t At first, | prepared the 2 : 2; BCD : Aflatoxin complexes and g (green line).
cyclodextrin binds reversible the Aflatoxin B2 and irreversible the Aflatoxin B1 molecules [3]. Itis a surprising result because || removed one cyclodextrin from these structures and reoptimized © Aflatoxin C-C Aflatoxin
the two toxin molecules differs in only one bond (single/double) from each other. First times | was skeptical, but | || the structure. In these complexes the Aflatoxin molecules are in 2 (aromatic) C= bond
investigated these systems with AutoDock VINA docking software and the PM6-DH2, PM6-DH+, PM7 semiempirical || reverse orientation compared to each other. One of them is deep the condensed e

aromatic rings

guantum chemistry methods. In the 1:1 complexes | found that the B-cyclodextrin binds Aflatoxin the strongest (see table)!

The calculated binding enthalpies of the Aflatoxin — Cyclodextrin complexes.:

In the CD cavity and the other is in the edge of the CD cavity.
These forms C=0-"H-O H-bonds with the cyclodextrin. They are

PM6-DH2/COSMO] PM6-DH+/COSMO] PM6-DH2 | PM6-DH+
aflatoxin AH’, / kd/mol AH®, / kJ/mol | AH®, ratio | AH’, ratio . . I I I I I I I
| atoin LAtk ol G rato 1AM, Aflatoxin B1 Aflatoxin B2 In aromatic pi stacking interaction, the gllstance of the two planes
g [2]AflatoxinB2 | -104.01 -86.41 0832 | 0676 (AfB1) (AfB2) is 3.4 A. The calculated heat of formation of the AfB1 complexes
% | 3| Aflatoxin G1 -105.28 -103.36 0.865 1.235 : . )
8 [4[Aflatoxin G2 |___-00.78 10475 0748 | 0.859 molecule.: &\ molecule.: IS lower ca. 10 kd/mol than the Afb2 complexes. The figure on the
S [ 5 | Aflatoxin M1 -119.89 -125.43 0.869 0.810 a : a . ' ' ' ' ' ' '
2 Mo TAfaoan Mz | —iitia 10629 o825 T 0866 L right shows the calculated IR spectra of these systems.
< " i
< ; ﬁ:ittgfig Si -E)%siiG -913 ég : 0052117 ols.a(;)? The preferred orientation is when the — Double bond, single bond / hod 0 0 0 0 0 5
1 [ Aflatoxin B1 12111 -103.67 1 1 (near the gold surface with BCD(SH) ). “\ — \7 PM6-DH+/COSMO| __-6788.11 875.38 8747.37 -208.49 12,07
£ | 2| Aflatoxin B2 -125.01 -127.83 1 1 C g ’ PM7/COSMO -6525.04 -784.79 -8301.75 -207.13 -10.24
% [3Aflatoxin G1 -121.68 -83.67 1 1 4%
B [ 4] Aflatoxin G2 -121.36 -121.98 1 1 \ method AH[BCD(SH),] |AH’{AfB2] | AH%[(AfB2) ,[BCD(SH),]] | AH, (kd/mol)
2| 5 |Aflatoxin M1 -137.94 -154.89 1 1 PM6-DH2/COSMO| __ -6832.40 | -1003.19 -9035.74 -196.95
& [ 6] Aflatoxin M2 -135.01 -122.76 1 1 PM6-DH+/COSMO| __-6788.11 | -1003.19 -8990.73 -196.23
@ [ 7| Aflatoxin Q1 -113.36 -102.82 1 1 PM7/COSMO -6525.04 -906.68 -8535.28 -196.89
8 | Aflatoxin P1 -121.99 -104.75 1 1
method AH’[BCD(SH),] |AH%[AfB1] [ AH%[(AfB1) ,[BCD(SH),]l | AH%, (kJ/mol) | AH°, (AfB1) — AHC, (AfB2)
— [ 1 [Aflatoxin B1 20.05 5017 0578 0.580 PM6-DH2 -6474.31 -784.95 -8427.57 -383.36 161
9 [3[Aflatoxin G1 ~105.38 -66.60 0.866 0.796 | : PM7 -6250.44 -704.43 -7995.63 -336.33 -5.76
S | 4 [ Aflatoxin G2 -106.95 -52.01 0.881 0.426
%\ 5 [ Aflatoxin M1 -100.98 -104.70 0.732 0.676 a_CyCIodeXtrin B-CyCIOdeXtrin y_CyclodeXtrin method AHOf[BCD(SH)Z] AHOf[AfBZ] AHOf[(AfBZ)Z[BCD(SH)Z]] AHOb(kJ/mol)
€ | 6 |Aflatoxin M2 12471 -101.23 0.924 0.825 PM6-DH2 -6474.31 -909.26 -8677.81 -384.97
€ | 7 | Aflatoxin Q1 -134.57 -113.13 1.187 1.100 : A : PM6-DH+ -6446.95 -909.26 -8653.10 -387.63 - , N ,
& o ar gl T ST YR The complexes of Aflatoxin B2 optimized with PM6-DH+/COSMO method. o7 25024 | 5236 622792 33057 The space-filling model of two AfB1 molecules in ar  omatic pi stacking, complexed
' . - . in the BCD(SH) , molecule (ball and stick model) cavity (MOPAC2012, PM6-DH+).

The 2:2 host-guest complexes of the AfB1 and the BC

AfB1 molecule in the cavity of two aggregated BCD m

olecules (Connolly surface). D(SH), molecules (UCSF Chimera).

The [(Aflatoxin)[BCD(SH) ,],] complex

To calculate the 2 : 1; BCD : Aflatoxin complexes, | docked the
toxins to the BCD molecule, then docked this complex (AutoDock
VINA) to an another BCD. This procedure gives nice 2 : 1 host-
guest complex structures. Then | optimized the structures with the
MOPAC2012 software. The docking showed that the formation of 2
. 1 complexes has no steric hindrance. The BCD molecules bind
with H-bonds to each other. The methoxy group of the Aflatoxin is in
the edge of the cyclodextrin cavities, one oxo group of the Aflatoxin
molecule binds to the cyclodextrin OH group with H-bond. The
cyclodextrin ring is elongated in the plane of the Aflatoxin, and
compressed in the perpendicular direction. The figure on the right

The [(Aflatoxin) ,[BCD(SH),],] complex

The 2:1 and 2:2; BCD : Aflatoxin complexes can encase one
or two guest molecules while the complex links two gold
nanoparticles together. (We can hypothesize that the AfB2
molecules are not able to form 2:2 complexes due to steric
reasons.) This was the main idea to explain the QCM/SPR
measurements. | constructed the 2:2 complex structures by
,2hand”, and optimized with semiempirical methods. Only an
Aflatoxin enantiomer pair can form the 2:2 complex. The
calculated heat of formation of the AfB1 complexes is lower
ca. 20 kd/mol than the Afb2 complexes (see tables below).

top shows the Aflatoxin B1 in the cavity with Connolly (Solvent- nethod | ARABCD(SH), AW ATB1) |AH'(AMBL) [BCDISH) | AH', (climo) | A, (AfB1) — AH', (AfB2)
excluded surface). Unfortunately the docking do not connects the PVE-Dh+ 044695 | 784.95 -15380.37 91658 18.86
CDs perfectly to each other (depends from optimization method).
] ] method AH%[BCD(SH),] |AH’[AfB2] [AH%[(AfB2) ,[BCD(SH),],]| AH®, (kd/mol)
The calculated binding energy depends strongly from the number of PM6-DHZ 647431 | -909.26 1577011 71002.96
PM6-DH+ 6446.95 | 909.26 ~15610.13 897.71
the H-bonds between the two CDs. L PM7 -6250.44 -823.46 -14908.92 761.13
5 5 5 5 5 5 o method AH%[BCD(SH),] |AH%[AfB1] [AH%[(AfB1) ,[BCD(SH).],]| AH% (kd/mol) | AHC, (AfB1) — AH’, (AfB2)
method AH%[BCD(SH),]1|AH*[AB1] | AHC[(ABL)[BCD(SH) ] | AH, (kI/mol) | AH%,(AB1) — AH,(AfB2) ’ T T YO B e s Bk SRR, s SEPD
PM6-DH2/COSMO| __ -6824.51 | -874.81 ~14920.66 -396.83 -2.20 VTRV S T B e ee0aca e CTBT
PM6-DH+/COSMO| __ 6781.52 | -874.81 "14745.95 -308.08 14.70 - : : : : :
o COSMO o T 5303 Tleeco ST 4050 PM7/COSMO 6525.04 | -784.79 “15051.02 “431.36 “19.54
0 0 0 0
method AH%[BCD(SH),] [AH%[AfB2] | AH%[(AfB2)[BCD(SH) ,],] | AHC, (kd/mol) The BCD molecule def ( PMG_g‘stgg% T AH .%nggisoH)Z] A_Tofggf?;] AH f[(AfiZG)Zng;E;(SH)Z]Z] AH_géIZJggol)
PM6 DH2/COSMO] _-6824.51 1003.08 1504673 394.02 theehost- T:szl;ri Iixo;g;?}wa?igrr:? PM6-DH+/COSMO|  -6788.11 -1003.19 -16037.40 -454.79
PMF?J;'/*SQ;OMSC';"O 'ggié'gé '1900063'2088 'iﬁg:'zi 'iﬁi'gi 9 P ' PM7/COSMO 6525.04__| -906.68 "15275.25 411.82

Modeling adsorption/binding isotherms

My former supervisor, T. Kortvélyesi had an idea to model adsorption isotherms with molecular docking experiments. | tried it,
and used the 4F5S Bovine Serum Albumin (BSA) protein X-ray structure from the RCSB Protein Data Bank. | optimized the
structure with the Gromacs software using the AMBER99 force field and Gasteiger charges with explicit (TIP4P) water model.

The used ligands and the raw data of docking calcula

tions

| docked 250 ligand molecules and 1000 H,O kynurenic acid (KYNA), Epigallocatechin gallate (EGCG), Theaflavin
molecules to the BSA receptor structure. In the

configuration file the AutoDock VINA parameters
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were.: cpu = 4, random seed = 1987, exhaustiveness || T 7
100, num_modes = 1, energy range = 3. The ™~ 7
docked water molecules were SPC models. Below

The ligand structures were prepared with the ChemAxon MarvinSketch software and a Monte Carlo conformation search was
taken with the Open Babel (obconformer) software using the MMFF94 force field. The receptor structures and ligand
structures were prepared with the MGL AutoDockTools software (Gasteiger charges). The total charge on the receptor was g

A

O

-17, this models neutral solution (pH = 6.5, PROPKA 3.0 and pH = 7.5, H++ online application). The docking calculations

were carried out with the AutoDock VINA software, because it is fast, parallel and doesn’t need the time consuming docking
grid calculation. | docked the ligands sequentially to the target molecule and left the docked ligands on the target structure for
the next docking step. Below, | show the equations which were used to calculate isotherms. The parameter 3 is the water —

the figures shows the docking energies (A), the
integrated docking energies (B) and the integrated,
normalized docking energies (C). The KYNA and

Ibuprofen had q = -1 charge.

O
OH

Ibuprofen OH

ligand exchange coefficient, which shows that how many waters have substituted by the ligand molecule during adsorption. Figure (A) and figure (B) shows that the EGCG and t he Theaflavin molecules binds the strongest (they ar e neutral and form H-bonds).  Figure (C) shows the relative changes of the integr ~ al curves!
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The docking energies (A), integrated docking energies (B) and the normalized integrated docking energies (C).

The calculated adsorption/binding isotherms CONCLUSION
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Jroups, 60 | °° 60 | . ’ Aflatoxin B1 complexes is smaller about 10 kJ/mol (1 : 2) and 20 010
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